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It  is  ihe  business  of  operative  industry  to  produce,  transform,  and  i\iu» 
tribute  all  such  material  objects  as  are  suited  to  satisfy  the  wants  of  man- 
Wind.  The  primary  production  of  these  objects  is  assigned  to  the  husband- 
man, the  fisherman,  and  the  miner ;  their  transformation  to  the  manufactUj'dT 
and  artisan  ;  and  their  distribution  to  the  engineer,  shipwright,  and  sailor.* 
The  unworked  or  raw  materials  are  derived, — 1.  from  the  organic  processes 
of  vegetables  and  animals,  conducted  eitlier  without  or  with  the  fostering 
care  of  man  ;  2.  from  llie  boundless  stores  of  mineral  and  metallic  wealth, 
arranged  upon  or  within  the  surface  of  tlie  earth  by  the  benignant  Parent 
of  our  being,  in  the  fittest  condition  to  exercise  our  physical  and  intellectual 
powers  in  turning  them  to  the  uses  of  life. 

The  task  which  I  have  undertaken  in  the  present  w^ork,  is  to  describe 
iuid  explain  the  trans fornidtions  of  these  primary  materials,  by  mechanical 
^nd  chemical  agencies,  into  general  objects  of  exchangeable  value ;  leav- 
ing, on  the  one  hand,  to  the  mechanical  engineer,  that  of  investigating  the 
nioiive  powers  of  transformation  anil  transport ;  and,  on  the  other  hand,  to 
t^e  handicraftsman,  that  of  tracing  their  mo'lifications  into  objects  of  special 
or  local  demand.  Contemplated  in  this  view,  an  art  or  maimfacture  may 
defined  tT>  be  that  species  of  industry  which  eifects  a  certain  change  in 
^  substanc  e,  to  suit  it  for  the  general  market,  by  combining  its  parts  in  a 
new  order  and  form,  through  mechanical  or  chemical  nieans.  Iron  will 
^'•'rvo  the  purpose  of  illu3tr:i*ii»g  the  nature  of  the  distinctions  here  laid 
down,  lietwv.*en  mechanica-  onginoerirg  ;  i\rik  and  Uiasuifactures  ;  and  handi- 
craft trades.  The  engineer  perforaVes  tlie  gi'ourd  with  a  shaft,  or  a  drift, 
lo  the  level  of  the  ore,  erects  ,tbo  piiuijj^  for  Urainage,  the  ventilating,  and 
teting  apparatus,  along  with  the  reqjii.-vuv  *'*'Jfm  or  water  |K)wer  ;  he  con- 
structs the  roads,  the  bridges,  Cv-^iils, -wilwaysv  h.;irn(>rs,  docks,  cranes,  &c., 
subservient  to  the  transport  of , the  o>.t;"aji|l  ihetdl';  he  mounts  the  steam  or 
Water-power,  and  bellows  for  workln'g  the  hlust-furnaces,  the  forces,  and 
^e  cupolas  ;  Ids  principal  end  and  aim  on  all  occasions  being  to  overcome 
forces  of  inertia,  gravity,  and  cohesion.    The  ores  extracted  and  sorted 

*For  correct  and  copi(»us  ioformation  upon  agricultural  pnxinction,  I  have  great 
jj**»are  inreferrini^  my  readers  to  Mr.  Loii  loii  s  elilio  n(e  Ea  ydoptiliaxof  jis;rir»hurtf 
^fi/enmg,  and  Plants  ;  and  for  mercanli.'e  prddtictidii  and  (ii>tril)Utiun,  lo  Mr.  Al'Cul- 
iBcti'i  excellent  Dicliouary  of  Comment  and  Commercial  AavigatiOH. 
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by  the  miner,  and  transported  by  the  engineer  to  the  smelting  station,  are 
there  skilfully  blended  by  the  iron-master  (manufacturer),  who  treats  them 
in  a  furnace  appropriately  constructed,  along  with  their  due  proportions  of 
flux  and  fuel,  whereby  he  reduces  tliem  to  cast  iron  of  certain  quahty, 
which  he  runs  off  at  the  right  periods  into  rough  pigs  or  regular  moulds ; 
he  then  transforms  this  crude  metal,  by  mechanical  and  chemical  agencies, 
into  bar  and  plate  iron  of  various  sizes  and  shapes,  fit  for  the  general  market ; 
he  finally  converts  the  best  of  the  bars  into  steel,  by  the  cementation  fur- 
nace, the  forge,  and  the  tilt-hammer  ;  or  the  best  of  the  plates  into  tin-plate. 
When  farther  worked  by  definite  and  nearly  uniform  processes  into  objects 
of  very  general  demand  in  all  civilized  countries,  these  iron  and  steel  bars 
still  belong  to  the  domain  of  manufactures ;  as,  for  example,  when  made 
into  anchors,  chain-cables,  files,  nails,  needles,  wire,  &c. ;  but  when  the 
iron  is  fashioned,  into  ever  varying  and  capricious  forms,  they  belong  either 
to  the  general  business  of  the  founder  and  cutler,  or  to  the  particular  call- 
ing of  some  handicraft,  as  the  locksmith,  gratesmith,  coachsmith,  gunsmith, 
tinman,  &c. 

Such  are  the  principles  which  have  served  to  guide  me  in  selecting  arti- 
cles for  the  present  volume.  By  them,  as  a  clew,  I  have  endeavored  to 
hold  a  steady  course  through  the  vast  and  otherwise  perplexing  labyrinth 
of  arts,  manufactures,  and  mines ;  avoiding  alike  engineering  and  mechan- 
ical arts,  which  cause  no  change  in  the  texture  or  constitution  of  matter, — 
and  handicraft  operations,  which  are  multiform,  capricious,  and  hardly  sus- 
ceptible of  scientific  investigation.  In  fact,  had  such  topics  been  introduced 
into  the  volume,  it  would  have  presented  a  miscellaneous  farrago  of  incon- 
gruous articles,  too  numerous  to  allow  of  their  being  expounded  in  a  man- 
ner either  interesting  or  instructive  to  the  manufacturer  and  the  metallurgist. 
I  readily  acknowledge,  however,  that  T  have  not  been  able  to  adhere  always 
BO  rigorously  as  I  could  have  wished  to  the  above  rule  of  selection  ;  having 
been  constrained  by  intelligent  and  influential  friends  to  introduce  a  few 
articles  which  I  would  gladly  have  left  to  the  mechanical  engineer.  Of 
these  Printing  is  one,  which,  having  had  no  provision  made  for  it  in  my 
original  plan,  was  too  hastily  compiled  to  admit  of  my  describing,  widi 
suitable  figures,  the  flat-printing  automatic  machine  of  Mr.  Spottiswoode, 
wherewith  the  pages  of  this  volume  were  worked  oflf ;  a  mechanism  which 
I  regard  as  the  most  elegant,  precise,  and  productive,  hitherto  employed  to 
execute  the  best  style  of  letter  press. 

I  have  imbodied  in  this  work  the  results  of  my  long  experience  as  a 
Professor  of  Practical  Science.  Since  the  year  1805,  when  I  entered  at 
an  early  ugQ  upon  the  arduous  taisk  of  conducting  the  schools  of  chemistry 
and  manufactures  in  the  Andcrsonian  Institution,  up  to  the  present  day, 
I  have  been  assiduously ^epgagad  in  4hf  ^nd^aAd  improvement  of  most  of 
the  chemical  and  maiiy.of ;the*mQch4tftc&l^|ff^.:  Consulted  professionally 
by  proprietors  of  factories;  wbrkShoj^s,^  and,  ^ines  of  various  descriptions, 
both  in  this  country  and  at>t\>^d,  tovi^rting  derangements  in  their  opera- 
tions, or  defects  in  their  prodadtSf  l*^av^*en]oyed  peculiar  opportunities  of 
becoming  familiar  with  ti^\^.foin.'Ute3^  ^^ils;  and  have  frequently  had  the 
good  fortune  to  rectify  wlUit^^as*  eqi%a»t)3r.lb  supply  what  was  wanting. 
Of  the  stores  of  information  *t]ius  acquired,  I  have  availed  myself  on  the 
present  occasion ;  careful,  meanwhile,  to  neglect  no  means  of  knowledge 
which  iny  extensive  intercourse  with  foreign  nations  affords. 

I  therefore  humbly  hope  that  this  work  will  prove  a  valuable  contribution 
to  the  literature  of  science,  serving  — 

In  the  first  place ^  to  instruct  the  Manufacturer,  Metallurgist,  and  Trades- 
man, in  the  princ  tples  of  their  respective  processes,  so  as  to  render  them  in 
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reality  the  masters  of  their  business,  and  to  emancipate  them  from  a  state 
of  bondage  to  such  as  are  too  conunonly  the  slaves  of  blind  prejudice  and 
vicious  routine. 

Secondly^  to  afford  to  Merchants,  Brokers,  Drysalters,  Druggists,  and 
Officers  of  the  Revenue,  characteristic  descriptions  of  the  commodities  which 
pass  through  their  hands. 

Thirdly y  by  exhibiting  some  of  the  finest  developments  of  chemistry  and 
physics,  to  lay  open  an  excellent  practical  school  to  students  of  these  kindred 
sciences. 

Fourthly y  to  teach  Capitalists,  who  may  be  desirous  of  placing  their  funds 
in  some  productive  bank  of  industry,  to  select  judiciously  among  plausible 
claimants. 

Fifthly y  to  enable  Gentlemen  of  the  Law  to  become  well  acquainted  with 
the  nature  of  those  patent  schemes  which  are  so  apt  to  give  rise  to  litigation. 

Sixthly  J  to  present  to  our  Legislators  such  a  clear  exposition  of  our  staj^e 
manufactures,  as  may  dissuade  them  from  enacting  laws  which  obstruct 
industry,  or  cherish  one  branch  of  it  to  the  injury  of  many  others :  and. 

Lastly y  to  give  the  General  Reader,  intent  chiefly  on  intellectual  cultivation^ 
a  yiew  of  many  of  the  noblest  achievements  of  science,  in  effecting  those 
grand  transformations  of  matter  to  which  Great  Britain  owes  her  paramount 
wealth,  rank,  and  power  among  the  kingdoms. 

The  latest  statistics  of  every  important  object  of  manufacture  is  given  from 
the  best,  and,  usually,  from  ofiTicial  authority,  at  the  end  of  each  article.* 

The  following  summary  of  our  manufactures  is  extracted  from  Mr. 
Macqueen's  General  Statistics  of  the  British  Empire^  published  in  1836.  It 
shows  the  amount  of  capital  embarked  in  the  various  departments  of  manu- 
&cturing  industry,  and  of  the  returns  of  that  capital : — 


CapiUl. 

Pruduco. 

Woollen  ditto   

8i1k  ditto   

Iron         ditto,  to  making  pig  iron  - 

Spirits  (British),  ales,  soap,  &c  ... 

£ 

40,973,872 
36,000,000 
8,000,000 
12,000,000 
13,000,000 
10,000,000 
25,000,000 
3,600,000 
8,600,000 
10,000,000 
37,600,000 

£ 

52,513,586 
44,250,000 
10,000,000 
15.421,186 
16,000,000 

7,098,000 
31,072,600 

4,673,186 
10,892,794 
14,000,000 
47,163,847 

9,000,000 

201,773,872 

262,085,199 

In  consequence  of  an  arrangement  with  Mr.  William  Newton,  patent 
agent,  and  proprietor  of  the  London  Journal  of  Arts,  Sciences j  and  ManufaC" 
tureSf  I  have  been  permitted  to  enrich  this  Dictionary  with  many  interesting 
descriptions  and  illustrative  figures  of  modem  patent  inventions  and  improve- 
ments, which  I  could  not  otherwise  have  presented  to  my  readers.  Mr. 
Newton  has  lately  enhanced  the  value  of  his  Journal  by  annexing  to  it  a 
ottalogue  raisonnecy  entitled  "  An  Analytical  Index  to  the  Subjects  contained 
m  the  23  Volumes,"  which  constitute  the  first  and  second  scries.  The 

*The  statistics  of  agricaltare,  trade,  and  manufactures  is  ably  and  fully  discussed  in 
Hr.  If 'Cnlloch'l  DktUmaty  already  referred  to. 
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subsequent  22  yolumes,  of  his  Conjoined  Series,  are  of  still  superior  interest ; 
and  the  whole  form  a  vast  storehouse  of  Mechanical  and  Chemical  Invention. 

Although  I  am  conscious  of  having  used  much  dihgence  for  many  years 
in  collecting  information  for  this  work,  from  every  quarter  within  my  reach, 
the  utmost  pains  in  preparing  it  for  publication,  and  incessant  vigilance  during 
its  passage  through  the  press,  yet  I  am  fully  aware  that  it  must  contain  sev- 
eral errors  and  defects.  These  1  have  studied  to  rectify,  in  the  text  .of  this 
edition,  and  more  completely  in  a  compendious  Supplement. 

Since  this  book  is  not  a  Methodical  Treatise,  but  a  Dictionary,  one  exten- 
sive subject  may  be  necessarily  dispersed  through  many  articles.  Thus,  for 
example,  information  upon  the  manufacture  of  Colors  will  be  found  under 
azure  ;  black  pigment ;  bone-black  ;  bronze  ;  brown  dye  ;  calico-printing ; 
carmine  ;  carthamus  ;  chromium ;  cochineal ;  crayons  ;  dyeing ;  enamels  ; 
gold  ;  gilding  ;  gamboge  ;  gray  dye  ;  green  dye  ;  green  paints  ;  indigo  ; 
kermes  ;  lac  dye ;  lakes ;  madder ;  massicot ;  mercury ;  periodide  of ;  Na- 
ples yellow ;  orange  dye ;  orpimcnt ;  paints  ;  grinding  of ;  ochres ;  paper- 
hangings  ;  pastes ;  pearl  white  ;  Persian  berries  ;  pottery  pigments  ;  Prus- 
sian blue ;  purple  of  Cassius ;  red  lead ;  rouge ;  Scheele's  green ;  Schwein- 
fiirth  green ;  stained  glass ;  terra  di  Sienna ;  ultramarine  ;  umber  ;  verditer ; 
▼ermilion  ;  vitrifiable  colors,  weld,  white  lead  ;  woad  ;  yellow,  king's. 

A  casual  consulter  of  the  Dictionary,  who  did  not  advert  to  this  distribu- 
tion, might  surmise  it  to  be  most  deficient,  where  it  is  in  reality  most  copious 

The  elaborate  and  costly  Encyclopedias,  and  Dictionaries  of  Arts,  which 
have  appeared  from  time  to  time  in  this  country,  and  abroad,  have,  for  the 
most  part,  treated  of  the  mechanical  manufactures  more  fully  and  correctly 
than  of  the  chemical.  The  operations  of  the  former  are,  in  fact,  tolerably 
obvious  and  accessible  to  the  inspection  of  the  curious  ;  nor  are  they  diffi- 
cult to  transfer  into  a  book,  with  the  aid  of  a  draughtsman,  even  by  a  per- 
son but  moderately  versed  in  their  principles.  But  those  of  the  latter  are 
not  unfrequently  involved  in  complicated  manipulations,  and  depend,  for 
their  success,  upon  a  delicate  play  of  affinities,  not  to  be  understood  with- 
out an  operative  familiarity  with  the  processes  themselves.  Having  enjoyed 
the  best  opportunities  of  studying  the  chemical  arts  upon  the  greatest  scale  in 
this  kingdom  and  on  the  Continent,  1  may  venture,  without  the  imputation 
of  arrogance,  to  claim  for  my  work,  in  this  respect,  more  precision  and  co- 
piousness than  its  predecessors  possess.  1  have  gone  as  far  in  describing 
several  curious  processes,  liitherto  veiled  in  mystery,  as  I  felt  warranted, 
without  breach  of  confidence,  to  go  ;  regarding  it  as  a  sacred  duty  never  to 
publish  any  secret  whatever,  without  the  consent  of  its  proprietor.  During 
my  numerous  tours  tlu*ough  the  factory  districts  of  Great  Britain,  France, 
&c.,  many  suggestions,  however,  have  been  presented  to  my  mind,  which  I 
am  quite  at  liberty  to  communicate  in  private,  or  carry  into  execution,  in 
other  districts  too  remote  to  excite  injurious  competition  against  the  original 
inventors.  1  am  also  possessed  of  many  plans  of  constructing  manufacto- 
ries, of  which  the  limits  of  this  volume  did  not  permit  me  to  avail  myself, 
but  which  1  am  ready  to  furnish,  upon  moderate  terms,  to  proper  applicants. 
I  conclude  by  pointing  attention  to  the  very  insecure  tenure  by  which  pat- 
ents for  chemical  or  chemico-mechanical  inventions  are  held ;  of  which 
there  is  hardly  one  on  record  which  may  not  be  readily  evaded  by  a  person 
skilled  in  the  resources  of  practical  chemistry,  or  which  could  stand  the 
ordeal  of  a  court  of  law,  directed  by  an  experienced  chemist.  The  specifi- 
cations of  such  patents  stand  in  need  of  a  thorough  reform  ;  being  for  the 
most  part  not  only  discreditable  and  delusive  to  the  patentees,  but  calculated 
to  involve  ihem  in  one  of  the  greatest  of  evils — a  chancery  suit. 

LoJiBON :  13  CItarlotte  Street,  Btdiord  tquan, 
▲ofiut,  IMS. 


DICTIONARY 

OF 

ARTS,  MANUFACTURES,  AND  MINES. 


A.BB-WOOL.   Amon^  clothiers,  this  term  sisrnifies  the  woof  or  \Dtfl, 

ACETATE.  {JcHale,  Fr. ;  Essigsaure,  Germ.)  Any  saline  compound  of  which 
the  acetic  is  the  acid  constituent ;  as  acetate  of  soda,  of  iron,  of  copper,  Ace. 

ACETATE  OF  ALUMINA,  see  Red  Liquor  and  Mordant;  of  Copper,  see 
Copper  ;  of  Iron,  see  Iron  ;  of  Lead,  see  Lead  ;  of  Lime,  see  Pyroligneous  Acid. 

ACETIC  ACID  (Jcide  Jeefique,  Fr. ;  Essigsaure,  Germ.)  is  the  name  of  the  sour 
principle  which  exists  in  vine|?ar.  It  occurs,  ready  formed,  in  several  products  of 
the  Teeetahle  kingdom,  and  is  generated  during  the  spontaneous  fermentation  of  many 
▼e^etable  and  animal  juices.  The  satnbucus  nigra,  or  black  elder,  the  phanix  daclU 
lifera^  and  the  rhu$  typhinus  are  plants  which  afiord  a  notable  quantity  of  vinegar.  It 
is  foandy  likewise,  in  the  sweat,  urine,  milk,  and  stomach  of  animals.  All  infusions  of 
animal  or  vegetable  matters  in  water,  when  exposed  for  some  time  to  the  air,  at  a  mo- 
derate temperature,  ferment  into  vinegar;  and  most  vegetables,  when  subjected  to 
decomposition  by  fire,  give  off  condensable  vapors  of  acetic  acid.  All  liquids  onn- 
uuning  alcohol  are  susceptible  of  passing  into  the  state  of  vinegar ;  but  the  pre-existenee 
of  alcohol  is  not  necessary  to  this  change,  as  we  learn  from  the  acetification  of  vegetable 
tonps  infusion  of  cabbage,  starch  —  paste,  Jlc. 

Vinegar  may  be  distinguished  into  four  varieties,  according  to  the  mode  of  its  pro- 
duction, though  all  of  them  are  capable  of  being  converted,  by  chemical  means,  into 
one  identical  acetic  acid.  1.  Wine  vinegar.  2.  Malt  vinegar.  3  Sugar  vinegar. 
4.  Wood  viaesar,  or  pyroli;?neous  acid.  Fermentation  is  the  source  of  the  acid  in  the 
first  three  varieties.  Here  alcohol  is  first  generated,  and  is  next  converted  into  vinegar 
by  the  influence  of  the  air  at  a  genial  temperature ;  a  change  which  will  be  investisi^ated 
under  Fermentation.  But  the  conversion  of  spirit  of  wine  into  acetic  acid  may  be  de* 
monstrated  by  direct  experiment.  When  the  vapor  of  alcohol  is  brout^ht  into  contact 
in  the  atmosphere  with  the  black  powder  obtained  by  mixing  muriate  of  platina,  potash, 
and  alcohol,  vinegar  is  rapidly  formed  at  the  expense  of  the  alcohol.  In  Germany,  where 
erode  alcohol  bears  a  low  price,  the  manufacture  of  vinegar  has  been  arrani^ed  upon  that 
principle,  which,  as  throwing  some  light  on  the  process  of  ncetification,  I  shaU  briefly 
describe.    See  Platinum  for  the  mode  of  preparing  tfu  abv^  potcder. 

Under  a  lanje  case,  which  for  experimental  purposes  may  be  made  of  glass,  several 
saucer-shaped  dishes  of  pottery  or  wood  are  to  be  placed  in  rows,  upon  shelves  over 
each  other,  a  few  inches  apart.  A  portion  of  the  black  platina  powder  moistened  being 
snspendcl  over  each  dish,  let  as  much  vinous  spirits  be  put  into  them  as  the  o\y!;en  of 
the  included  air  shall  be  adequate  to  aci«lify.  This  quantity  may  be  inferred  from  th3 
fact,  that  lOtX)  cubic  inches  of  air  can  oxygenate  1 10  grains  of  absolute  alcohol,  convert- 
ing them  into  122  grains  of  absolute  aceiic  aci  l,  and  64}  grains  of  water. 

The  above  simple  apparatus  is  to  be  set  in  a  li^ht  place  (in  sunshine,  if  convenient), 
at  a  temperature  of  from  68**  to  86**  Fahr.,  and  the  evaporation  of  the  alcohol  is  to  be 
promoted  by  hanging  several  leaves  of  porous  paper  in  the  case,  wiih  their  Iwiiom  edges 
dippel  in  the  spirit.    In  the  course  of  a  f«'W  minutes,  a  most  intere.Niin?  phenomenon 
will  be  perceived.    The  mutual  action  of  the  platina  and  the  alcohol  will  be  displayed 
by  an  increa<»e  of  temperature,  and  a  ireneralion  of  nci  1  vapors,  which,  conJcnsing  on 
the  siJes  of  the  ffiass-case,  trickle  in  streams  to  the  bottom.    This  strikin-:  transforma- 
tioQ  continues  till  all  the  oxy?en  of  the  air  be  consumed.    If  we  wish,  then,  to  renew 
the  process,  we  must  open  the  case  for  a  little,  and  replenish  it  with  air.    With  a  box 
of  12  cubic  feet  in  capacity,  and  with  a  provision  of  7  or  8  ounces  of  the  platiiu  powder. 
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we  can,  in  the  course  of  a  day,  convert  one 'pound  of  alcohol  into  pore  acetic  add,  fit  for 
every  purpose,  culinary  or  chemical.  With  from  20  to  30  pounds  of  the  platina  powder 
(which  does  not  waste),  we  may  transform,  daily,  nearly  300  pounds  of  bad  spirits  into 
the  finest  vinegar.  Though  our  revenue  laws  preclude  the  adoption  of  this  elegant 
process  upon  the  manufacturing  scale  in  this  country,  it  may  be  regarded  as  one  of  the 
greatest  triumphs  of  chemistry,  where  art  has  rivalled  nature  in  one  of  her  most  myste- 
rious 0]ierations. 

To  readers  acquainted  with  chemical  symbols,  the  following  numerical  representation 
of  the  conversion  of  alcohol  into  acetic  acid  may  be  accepiable  : — 

580-64  parts  by  weight  of  alcohol  «=  Hi«  C*  Os  consist  of 

74-88                     of  hydrogen  =  Hia 

305  76                     of  carbon  =  C* 

200-00                     of  oxygen  =  Oa 

If  we  combine  with  this  miiture,  400  parts  of  oxygen      04,  we  have, — 

of  water                  337*44  =      H«  0« 

acetic  acid   =       643*20  «      H«  04  08 

Hence,  in  this  formation  of  vinegar,  100  parts  by  weight  of  alcohol  take  68-89  parts  of 
oxygen;  and  there  are  produced  58*11  parts  of  water,  and  110-78  of  acetic  acid. 

These  beautiful  experiments  prove,  that  when  in  a  mere  mixture  of  alcohol  and  water, 
under  the  influence  of  the  atniospheric  air  and  heat,  some  vinegar  comes  to  be  formed 
afler  a  considerable  time,  the  same  formation  of  vinegar  takes  place  in  a  similar,  but 
more  eflfective,  manner,  when  a  ferment  b  present,  which  acts  here  in  a  somewhat 
analogous  way  to  the  platina  powder  in  the  preceding  case.  Several  azotized  sub- 
stances serve  as  re-agents  towards  the  acetous  fermentation, — such  os  vinegar  ready- 
made,  vinegar-yeast,  or  lees,  barley  bread,  leaven,  beer  barm,  and  similar  vegetable 
matters,  which  contain  gluten.  The  best  and  purest  ferment  is,  however,  vinegar  itself 
With  this  ferment  we  must  conjoin,  as  an  essential  condition  of  acctlfication,  the  free 
access  of  atmospheric  air. 

It  is  a  well-known  fact,  that  spirituous  liquors,  as  weak  brandy,  wine,  and  beer,  &c., 
may  be  preserved  for  years  in  close  vessels,  without  undergoing  the  acetous  fermentation, 
even  when  they  repose  upon  a  layer  of  lees.  It  is  equally  well  known,  that  these  very 
liquors,  if  they  stand  for  some  time  in  open  vessels,  become  readily  sour,  especially  if  ex- 
posed, also,  to  a  somewhat  high  temperature.  If  we  fill  a  flask  with  common  brandy, 
and  subject  it,  without  a  stopper,  to  the  influence  of  air  and  warmth,  the  contained 
liquor  may,  at*  the  end  of  many  weeks,  discover  no  sensible  acidity ;  if  we  add  to  the 
same  brandy  a  ferment,  and  stop  the  flask  air-trght,  everything  will  still  remain  unchang- 
ed ;  but  if  we  leave  a  portion  of  air  in  the  flask,  or  leave  it  uncorked,  vinegar  will  soon 
maJce  its  appearance  in  the  brandy. 

If  we  investigate  the  nature  of  the  air  which  remains  over  brandy  in  the  act  of  aceti* 
fieation,  we  shall  find  that  it  consists  entirely  of  carbonic  acid  and  azote,  the  oxygen  being 
absorbed  and  combined  in  the  acetic  acid  and  water  formed. 

Since  this  absorption  of  oxygen  fVom  the  air  can  take  place  only  at  the  surface  of 
the  fermenting  liquors,  we  thus  see  the  necessity  and  the  practical  importance  of  ampli- 
fying that  surface,  in  order  to  accelerate  and  complete  the  acetification  by  multiplying  the 
points  of  contact  between  the  alcohol  and  the  oxygen.  The  essence  of  the  new  German 
DMChod  of  rapid  acetification  depends  upon  this  principle. 

Temperature  has  also  a  remarkable  influence  on  the  formation  of  vinegar.  The  acid 
fermentation  proceeds  very  feebly  in  the  cold,  but  takes  an  accelerated  pace  as  the  heat 
it  taised.  It  would  even  appear  that  spirituous  vapors  brought  by  themselves  in  con- 
tact with  atmospheric  air,  without  the  aid  of  any  ferment,  are  capable  of  being  converted 
ittio  acetic  acid,  since  it  has  happened  in  the  rectification  of  brandy,  in  a  still  furnished 
with  a  large  capital  and  adopter  pipe  into  which  air  was  allowed  to  enter,  that  vinegar 
matde  its  appearance.  Hence,  warmth  does  not  seem  to  act  as  a  promoter  of  the  combi- 
nation of  alcohol  with  oxygen  in  a  merely  chemical  point  of  view,  but  it  acts,  so  to  speaJc, 
physically.  Over  the  warm  liquor  a  stratum  of  spirit  vapor  appears  to  float,  which, 
coming  there  into  conflict  with  the  atmospherical  oxygen,  probably  causes  the  generation 
of  some  aeetic  acid,  and  thus  accelerates  the  operation,  much  more  than  by  the  mere 
eootaiit  of  the  oxygen  with  the  liquid  surface. 

When  we  expose  any  spirituous  liquors,  as  wine,  beer,  he,  with  the  requisite 
ftment,  to  the  external  air,  at  a  temperature  of  from  64**  to  68°  Fahr.,  the  fluid,  how- 
eftr  dear  before,  becomes  soon  turbid;  filamentous  slimy  particles  begin  to  appear 
mtviag  hi  the  middle  and  on  the  sides  of  the  vessel,  and  then  form  a  scum  on  the  top  of 
tin  Mqnor.  When  this  scum  has  aeqoired  a  certain  thickness  and  consistence,  it  falls  in 
n  Mlinent  to  the  bottom.  The  Germans  call  it  the  Tinegar  moHur^  as  it  serves  to  excite 
'  iim  fresh  liqnon.  Meanwhile,  the  ttqoor  htt  beeome  wanner  than  tlie  toiw 
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Mmdiii;  air,  and  the  vinegar  imicess  betrays  itself  by  diffusing  a  peenliar  aroma  in  tbt 
partment.   Whenever  all  the  alcohol  present  has  been  converted  into  acetic  acid,  the 
qnor  comes  into  a  state  of  repose ;  its  temperature  sinks  to  the  pitch  of  the  atmosphere ; 
becomes  bright,  and  is  the  article  well  known  by  its  taste  and  smell  under  the  name 

Gennine  wine  or  raisin  vinegar  differs  from  that  formed  either  from  apples,  or  sugar, 
iOT,  Mlc.,  in  containing  wine-stone  or  tartar;  by  which  peculiarity  it  may  be  distingnish- 
t,  except  in  those  cases  where  crude  tartar  has  been  artificially  added  to  the  other 
nej^rs,  as  a  disguise.  Barley-malt  vinegar  contains  some  phosphoric  acid,  in  the  state 
*  phosphate  of  lime  or  magnesia,  derived  from  the  grain. 

After  these  general  observations  upon  acetification,  we  shall  now  proceed  to  describe 
e  process  for  manufacturing  vinegar  on  the  commercial  scale. 

1.  H''ine  vinegar. — The  first  consideration  with  a  vinegar-maker  is  a  good  fermenting 
om,  in  which  the  wines  may  be  expose.]  to  a  sleafly  temperature,  with  an  adequate 
(pply  of  atmospherical  air.  As  this  air  is  soon  deprived  of  its  oxygenous  constituent, 
eilities  ought  to  be  provided  for  a  renewal  of  it  by  moderate  ventilation.  The  air- 
iles  for  this  purpose  ought  to  be  so  contrived  that  they  may  be  shut  up  when  the 
mperature  begins  to  fall  too  low,  or  in  windy  weather.  The  best  mode  of  eom- 
anicatins:  the  proper  warmth  to  a  chamber  of  this  kind  is  by  means  of  fire-flues  or  hot 
ater  pipes,  running  along  its  floor  at  the  sides  and  ends,  as  in  a  hot-house ;  the  fireplace 
nns  on  the  outside,  so  that  no  dust  may  be  created  by  it  within.  The  flue  is  best  made 
'  bricks,  and  may  have  a  cross  section  of  10  or  12  inches  by  15  deep.  The  soot  deposited, 
ren  when  coals  are  burned,  will  find  ample  space  in  the  bottom  of  the  flue,  without 
terfering  essentially  with  the  draught,  for  a  very  long  period,  if  it  be  made  of  the 
Mve  dimensions.  Low-roofed  apartments  are  preferable  to  high  ones ;  and  those  built 
ith  thick  walls,  of  imperfectly  conducting  materials,  such  as  bricks,  lined  with  lath 
nd  plaster  work.  Should  the  chamber,  however,  have  a  high  ceilin?,  the  fermentiag 
ins  most  be  raised  to  a  suitable  height  on  scaffolding,  so  as  to  benefit  by  the  warmest 
Ir.  Sometimes  the  vinegar  vessels  are  placed  at  different  levels ;  in  which  case  the  up- 
er  ones  acetify  their  contents  much  sooner  than  the  under,  unless  they  are  emptied  and 
lied  alternately,  which  is  a  good  plan. 

Orleans  is  the  place  most  famous  for  vinegars.  The  building  there  destined  to  their 
lanufacturc  is  called  a  vinaigrerie,  and  is  placed,  indifferently,  either  on  the  ground  floor 
r  the  floor  above  it;  but  it  has  always  a  southern  exposure,  to  receive  the  inflnenee 
r  the  sunbeams.  The  vessels  employed  for  carrying  on  the  fermentation  are  casks, 
ailed  mofhert.  Formerly  they  were  of  a  large  capacity,  containing  abont  460  litres 
1 50  gallons,  Ensr.) ;  but  at  the  present  day  they  are  barrels  of  half  that  capacity,  or 
oraewhat  less  than  an  old  English  hogshead.  It  is  now  known  that  the  wine  passes 
Qoner  into  vine?ar  the  smaller  the  mass  operated  upon,  the  more  extensive  its  contact 
riih  the  air,  and  the  more  genial  its  warmth.  These  casks  were  formerly  arranged  in 
hree  ranks  by  means  of  massive  scaffolding;  they  are  now  set  in  four  ranks,  but  they 
"est  on  much  smaller  rafters,  sustained  by  uprights,  and  can  be  packed  closer  together. 
Phe  casks,  which  are  laid  horizontally,  are  pierced  at  the  upper  surface  of  their  front  end 
•ilh  two  hole? :  one,  to  which  the  name  of  eye  is  given,  is  two  inches  in  diameter;  il 
serves  for  pntting  in  the  charge,  and  drawing  off  the  vinegar  when  it  is  made;  the  other 
hole  is  much  smaller,  and  is  placed  immediately  alongside ;  it  is  merely  an  air-hole,  and 
n  necessary  to  allow  the  air  to  escape,  because  the  funnel  completely  fills  the  other  hole 
io  the  act  of  fillin?  the  cask. 

Wh»*n  new  ve.ssels  are  mounted  in  a  vinegar  work,  they  must  be  one  third  filled  with 
the  best  vine?3:ar  that  can  be  procured,  which  becomes  the  true  mother  of  the  vinegar 
to  be  made ;  because  it  is  upon  this  portion  that  the  wine  to  be  acidified  is  successively 
KWed.  At  the  ordinary  rale  of  work,  they  put  at  first  upon  the  mother,  which  occupies 
one  third  of  the  vessel,  a  broc  of  ten  litres  of  red  or  white  wine ;  ei?ht  days  aAerwards 
they  add  a  second  6roc  ;  then  a  third,  and  a  fourth,  always  observing  the  same  interval  of 
.time,  8  days.  After  this  last  charge,  they  draw  off  about  forty  litres  of  vinegar,  and  then 
recommence  the  successive  additions. 

ft  is  necessary  that  the  vessel  be  always  one  third  empty  if  we  wish  the  acetification 
to  go  on  steadily;  but  as  a  portion  of  the  tartar  and  the  lees  forms  and  accumulates  in 
the  lower  part  of  the  cask,  so  as  eventually  to  counteract  the  fermentation,  the  time  ar- 
rives when  it  is  requisite  to  interrupt  it,  in  order  to  remove  this  residuum,  by  clearing  out 
lU  the  contents.  The  whole  materials  must  be  renovated  every  10  years ;  but  the  casks, 
if  well  made  and  repaired,  will  serve  for  25  years. 

We  have  mentioned  a  definite  period  at  which  the  vinegar  may  be  drawn  off;  but  that 
vt«  oa  the  supposition  that  the  process  had  all  the  success  we  could  wish ;  there  ara 
^itQiostances,  difficult  to  appreciate,  which  modify  its  progress,  as  we  shall  presently 
We  ought,  therefore,  before  discharging  the  vinegar,  to  test  and  see  if  the  for 
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nentatkm  has  been  eomplete.  We  proceed  as  follows :  we  plange  into  tlie  iqaor  • 
white  stick  or  rod,  bent  at  one  end,  and  then  draw  it  oat  in  a  horizontal  direction  :  if  it 
be  covered  with  a  white  thick  froth,  to  which  is  criven  the  name  of  vpork  {travail) j  we 
jadge  that  the  operation  is  terminated;  but  if  the  work,  instead  of  being  white  and 
pearly,  be  red,  the  manofacturers  regard  the  fermentation  to  be  iinfini<ihed,  and  they 
codeaTor  to  niake  it  advance,  by  adding  fresh  wine,  or  by  increasing  the  heat  of  the 
apartment. 

It  is  not  always  easy  to  explain  why  the  fermentation  does  not  go  on  as  rapidly  in  one 
ease  as  in  another.  There  are  even  certain  things  which  seem  at  present  to  be  entirely 
^explicable.  Ii  happens  sometimes,  for  example,  that  akhoogh  all  the  vessels  have  been 
equally  charged,  and  with  the  same  wine,  yet  the  fermentation  does  not  form  in  the  same 
manner  in  the  whole;  it  will  move  rapidly  in  some,  be  languid,  or  altoeeiher  inert, 
in  others.  This  is  a  very  puzzling  anomaly ;  which  has  been  ascribed  to  electrical  and 
other  obscure  causes,  because  it  is  not  owing  to  want  of  heat,  the  casks  in  the  wannest 
positions  b:;ing  frequently  in  fault ;  nor  to  the  timber  of  the  cask.  It,  however,  para- 
lyies  the  process  so  completely  that  the  most  expert  vinegar  makers  have  nothing  else 
for  it,  when  this  accident  happens,  than  to  empty  entirely  what  they  call  the  lazy  cask, 
and  to  fill  it  with  their  best  vinegar.  The  fermentation  now  begins,  and  proceeds  as  well 
in  it  as  in  the  others.   See  Fermentation. 

We  must  here  make  an  important  remark,  relatively  to  the  temperature  which  should 
prevail  in  the  fermentation  room.  In  many  chemical  works  we  find  it  stated,  that  the 
heat  should  not  exceed  18°  R.,  or  65°  Fahr.,  for  fear  of  obtaining  bad  products.  But 
the  vinegar  makers  constantly  keep  up  the  heat  at  from  24°  to  2o°  R.,  75°  to  TT*  F. ; 
when  the  acetificalion  advances  much  more  rapidly,  and  the  vinegar  is  equally  strong, 
rhe  best  proof  of  this  heat  not  being  too  high  is,  that  under  it,  the  vessels  in  the  upper 
part  of  the  room,  work  best  and  quickest.  In  Orleans,  cast-iron  stoves  and  wood  fuel 
are  used  for  communicating  the  requisite  warmth. 

Before  pouring  the  wine  into  the  mothers,  it  is  clarified  in  the  following  manner. 
There  are  tuns  which  can  contain  from  12  to  15  pieces  of  wine.  Their  upper  end  has  at 
its  centre  an  opening  of  four  or  five  inches  diameter,  which  may  be  closed  after- 
wards with  a  wooden  cover ;  this  opening  is  for  the  purpose  of  receiving  a  bree  funnel. 
The  inside  of  the  tun  is  filled  with  chips  of  beechwood,  well  pressed  down.  The  wine 
is  poured  upon  these  chips,  allowed  to  remain  for  some  time,  and  then  gently  drawn  off 
by  a  pipe  in  the  lower  part  of  the  vessel.  The  lees  are  deposited  upon  the  chip*,  and 
the  wine  runs  off  quite  clear.  However,  it  happens  sometimes,  notwithstanding  this 
precaution,  that  the  vinegar,  after  it  is  made,  requires  to  be  clarified,  more  particularly  if 
the  wine  employed  had  been  weak.  The  vinegar  must  be  filtered  in  the  same  way ;  and 
it  derives  an  advantage  from  it,  as  the  products  of  different  casks  get  thereby  mixed  and 
oade  uniform. 

By  this  Orleans  method  severol  weeks  elapse  before  the  acetification  is  finished ;  but  a 
plan  has  been  lately  devised  in  Germany  to  quicken  greatly  the  acid  fermentation  by  pe- 
culiar constructions.  This  system  is  called,  the  quick  vinegar  work,  because  it  will  com 
plete  the  process  in  the  course  of  2  or  3  days,  or  even  in  a  shorter  time.  It  depends, 
chiefly,  upon  the  peculiar  construction  of  the  fermenting  vessels,  whereby  the  vinous 
Ikiuor  is  exposed  on  a  vastly  expanded  surface  to  the  action  of  the  atmospheric  air. 

An  oaken  tub,  somewhat  narrower  at  the  bottom  than  the  top,  from  6  to  7  feet  high 
and  3  feet  in  diameter,  is  furnished  with  a  well-fitted  grooved,  but  loose,  cover.  About 
half  a  foot  from  its  mouth,  the  tub  has  a  strong  oak  or  beech  hoop  fitted  to  its  inside 
surface,  sufficiently  firm  to  support  a  second  cover,  also  well  fitted,  but  moveable.  The 
space  under  this  second  cover  is  destined  to  contain  the  vinous  liquor,  and  in  order  to 
bring  it  very  amply  into  contact  with  the  atmosphere,  the  following  contrivances  have 
been  resorted  to :  This  cover  is  perforated,  like  a  sieve,  with  small  holes  of  from  1  to  2 
line!9  in  diameter,  and  about  1|  inch  apart.  Through  each  of  these  holes  a  wick  of  rack- 
thread  or  cotton  is  drawn,  about  6  inches  long,  which  is  prevented  from  falling  through 
by  a  knot  on  its  upper  end,  while  its  under  part  hangs  free  in  the  lower  space.  The 
wicks  must  be  just  so  thick  as  to  allow  of  the  liquor  poured  above  the  cover  pi«ssing 
diroa?h  the  holes  in  drops.  The  edges  of  the  lid  must  be  packed  with  tow  or  hemp  to 
prevent  the  liquor  running  down  through  the  interval. 

The  whole  lower  compartment  is  now  to  be  filled  wi*h  chips  of  beech  weed  up  to 
nearly  the  perforated  cover.  The  liquor,  as  it  trickles  throui:h  the  holes,  diffuses  itself 
over  the  chips,  and,  sinking  slowly,  collects  at  the  bottom  of  the  tub.  The  chips  should 
be  prf  pared  for  this  purpose  by  being  repeatedly  scalded  in  boiling  water,  then  dried, 
and  imbued  with  hot  vinegar.  The  same  measures  may  also  be  adopted  fur  the  tub. 
To  provide  for  the  renewal  of  the  air,  the  tub  is  perforated  at  about  a  foot  from  its 
bottom  with  eight  holes,  set  equally  apart  round  the  circumference,  two  thirds  of  an  inch 
wide,  and  sloping  down,  through  which  the  air  may  enter  into  this  lower  compartment, 
without  the  trickling  liquor  being  allowed  to  flow  out.  In  order  that  the  foul  air  which  has 
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lieeoBe  nwlfw  may  cteape,  four  large  holes  are  pierced  in  the  neve  coTer^  at  eqval  dlslaii* 
eea  ataader  and  from  the  centre,  whose  united  areas  are  rather  smaller  than  the  total 
aresa  of  the  holes  in  the  side  of  the  tab.  Into  these  four  holes  open  glass  tubes  must  be 
insertedy  so  as  to  stand  some  inches  above  the  cover,  and  to  prevent  any  of  the  liquor 
from  ruaning  through  them.  The  proper  circuhtion  of  the  air  takef<  place  through  these 
draught  holes.  This  air  may  aAcrwards  pass  off  through  a  hole  of  2j|  inches  diamiter 
in  the  uppermost  cover,  in  which  a  funnel  is  placed  for  the  supply  of  liquor  as  it  is  want- 
ed to  keep  up  the  percolation. 

The  temperature  of  the  fermenting  compartment  is  ascertained  by  means  of  a  thermo- 
meter, whose  bulb  is  inserted  in  a  hole  through  its  side,  and  fastened  by  a  perforat«l 
eork.  The  liquor  collected  in  the  under  vessel  runs  off  by  a  syphon  inserted  near  its 
bottom,  the  1^  of  which  turns  up  to  nearly  the  level  of  the  ventilating  air  pipes  before  it 
is  bent  outwards  and  downwards.  Thus  the  liquor  will  begin  to  flow  out  of  the  under 
compait meat  only  when  it  stands  ia  it  a  little  below  the  sieve  cover,  and  then  it  will  run 
slowly  off  at  the  inclined  mouth  of  the  syphon,  at  a  level  of  about  3  inches  below  the 
lower  end  of  the  glass  tubes.  There  is  a  vessel  placed  below,  upon  the  ground,  to  re- 
ceive it.  The  tub  itself  is  supported  upon  a  wooden  frame,  or  a  pier  of  brickwork,  a 
foot  or  18  inches  high. 

A  tub  constructed  i  ke  the  above  is  called  a  graduation  vessel,  which  see.  It  is  work- 
ed in  the  following  way : — ^Tlie  vinegar  room  must  be,  in  the  first  place,  heated  to  from 
100^  to  I  Of*  F.,  or  till  the  thermometer  in  the  graduation  vessel  indicates  at  least  77*. 
The  heat  may  then  be  modified.  We  now  pour  through  the  uppermost  cover  of  the  tub 
a  mixture,  warmed  to  144*^  F.,  of  8  parts  proof  spirits,  25  parts  soA  water,  15  parts  qf 
good  vinegar,  and  as  much  ckar  wine  or  beer.  The  water  should  be  first  heated,  and 
then  the  vinegar,  spirits,  and  wine  may  be  added  to  if.  Of  this  mixture,  so  much  should 
be  poured  in  as  is  necessary  to  cover  over  the  second  lid,  2  or  3  inches  deep,  with  the 
liquor ;  aAer  which,  the  rest  may  be  poured  slowly  in,  as  it  is  wanted. 

When  the  liquor  has  run  for  the  first  time  through  the  graduation  vessel,  it  is  not  yet 
sufficiently  acidified ;  but  the  weak  vinegar  collected  in  Ihe  exterior  receiving  cistern 
must  be  a  second  time,  and,  if  need  be,  a  third  time,  passed  through  the  graduation  tub, 
in  order  to  convert  all  the  alcohol  into  acetic  acid.  In  general,  we  may  remark,  that 
the  stronger  the  vinous  liquor  the  more  difficult  and  tedious  is  its  conversion  into 
▼iaegar,  but  it  is  so  much  the  stronger.  To  lessen  this  difficulty  somewhat,  it  would  be 
well  not  to  put  all  the  spirits  at  fii-si  into  the  wanh,  or  mixed  liquois,  but  to  add  a  little 
more  of  it  at  the  second  and  the  third  running,  especially  when  we  desire  to  have  very 
strong  vinegar. 

AAer  the  graduation  vessel  has  been  some  days  at  work,  it  is  no  longer  necessary  to 
add  vinegar  to  the  mixture  of  spirits  and  water,  since  the  sides  of  the  graduation  tub,  the 
beech  chips,  and  the  packthreads,  are  all  impregnated  with  the  ferment,  nnd  supply  its 
place.    The  mixture  must,  however,  be  always  maintained  at  the  temperature  of  100'. 

Instead  of  ihe  above  mixture  of  brandy,  water,  and  wine,  we  may  employ,  accordhig  to 
Dineler,  a  clear  feimcnted  wort  of  malt,  mixed  with  a  little  spirits.  The  perfect  vinegar, 
which  collects  in  the  receiving  cistern,  may  be  immediately  racked  off  into  the  store 
casks  for  sale. 

It  hns  been  objected  to  this  process,  that,  in  consequence  of  the  mixture  of  saccharine 
and  glutinous  materials,  which  are  contained  in  beer  or  worts,  along  with  the  acetous 
fermentaiiun,  there  is  also,  partially,  a  vinous  fcrmentotion,  and  much  caibonic  acid, 
thereby  di^enirased,  so  as  to  obnruct  the  acetification.  This  obstruction  mny  be  reme- 
died by  a  freer  circulaii«;n  of  air,  or  by  the  ex|)osure  of  quicklime  in  the  chamber.  It  is 
a  more  substantial  cbjcction,  that,  frrm  the  ad<Iilion  of  beer,  &c.,  more  lees,  or  dregs, 
are  dei  o«iled  in  the  graduation  tub,  whereby  a  more  frequent  cleansin?  of  ir,  and  of  the 
iMrech  cl.ip«,  wiih  a  loss  of  lime  and  vinegar,  becomes  necessary.  The  only  mode  of  ob- 
v.aiiog  tiiis  ditficuliy  is,  to  take  well-clarified  fermented  wash. 

Anoll.er  evd  attendant  on  the  (luick  prccess  is,  the  evaporation  of  the  spirituous 
liqoois.  bince,  in  tlie  graduation  tub,  iheie  is  a  temperature  of  110^.  it  is  impo«iSihle  to 
avoid  a  loss  uf  spirit  fiom  the  circulation  and  efflux  of  the  air.  The  air,  indeed,  that 
tssues  Irom  the  top  hole  in  the  uf»peimcst  cover,  mijfht  be  conducted  over  an  extensive 
surface  «.f  fn  sh  water,  where  iis  spirit  would  be  condensed  in  a  ereal  measufe.  But, 
aAer  all,  thi<^  fear  of  great  loss  is,  I  believe,  groundless ;  because  the  spirit  is  rapidly 
aciditied  by  the  oxygen  (  f  the  air,  and  thcieby  rapidly  loses  its  volatility. 

The  snpi  ly  of  the  warm  wash  should  be  drawn  from  a  cistern  plact  d  near  the  eeilinsr, 
wbeie  III*'  tempf'raluie  of  the  apnrlnient  is  holiest ;  and  it  may  be  replenished  from  the 
paitly  ace  ifieiJ  liquor  in  the  cistern  on  the  floor.  Wiih  tliis  view,  two  cisterns  should 
be  pke:^  above,  so  that  one  cf  them  may  always  contain  liquor  sufficiently  hot,  and  thus 
the  p.'occss  wdi  suffer  no  interrupiion. 

Wlica  malt  wash  is  used  for  this  quick  process,  the  resulting  vinegar  must  be  clarified 
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in  a  ttiii  with  beech  chips,  as  above  described.  In  two  or  three  days  the  impunttes  w5B 
be  deposited,  and  the  fine  vinegar  may  be  racked  off. 

The  foUuwing  prescription,  for  preparing  what  he  calls  malt  wine,  is  given  by  Dr. 
Kastner.  Eighty  pounds  of  pale  barley  malt,  and  40  pounds  of  pale  wheat  malt,  are  to 
be  crushed  together.  These  120  pounds  are  to  be  infused  with  150  quarts  of  water,  at 
the  temperature  of  122°  Fahr.,  afterwards  with  3C0  quarts  of  boiling  water,  and  the 
whole  iMdy  is  to  be  mashed  thoroughly,  till  all  the  lumps  disappear.  It  is  then  to  be 
left  at  rest  in  a  large  covered  tub,  for  two  or  three  hours,  to  allow  the  grains  to  settle 
down,  from  which  the  wort  is  to  be  drawn  off.  When  it  has  fallen  to  the  temperature 
of  64^  Fahr.,  15  pounds  of  good  yeast  are  to  be  stirred  in,  and  it  must  now  be  left  for 
two  or  three  days  to  ferment,  in  a  loosely  covered  tun.  When  the  vinous  fermentation 
has  taken  place,  the  clear  liquor  must  be  drawn  off  by  a  tap  hole,  a  little  above  the  bot- 
tom, so  as  to  leave  the  lees  and  scum  in  the  tun.  This  malt  wine,  he  adds,  may  be  kept 
for  a  long  time  in  close  vessels,  and  is  always  ready  for  making  quick  vinegar. 

2.  Moil  ViM^gar, — The  greater  part  of  British  vinegar  is  n.ade  from  malt,  oy  the 
fidlowing  process : — 1  boll  of  good  barley  malt,  properly  crushed,  is  to  be  mashed  with 
water  at  160°  Fahr.  The  first  water  should  have  that  tem|>erature ;  the  second  must  be 
hotter  than  160°,  and  the  third  water,  for  the  extraction  of  all  the  soluble  matter,  may 
be  boiling  hot.  Upon  the  whole,  not  more  than  100  gallons  of  wort  should  be  extracted. 
AAer  the  liquor  has  cooled  to  75°  Fahr.,  3  or  4  gallons  of  beer  yeast  are  poured  in,  and 
well  mixed  wKh  a  proper  stirrer.  In  36  or  40  hours,  according  to  the  temperature  of 
the  air,  and  the  fermenting  quality  of  the  wash,  it  is  racked  off  into  casks,  which  are 
laid  upon  their  sides  in  the  fermenting  apartment  of  the  vinrgar  work,  which  should  be 
kept  at  a  temperature  cf  70°  at  least ;  in  summer  partly  by  the  heat  of  the  sun,  but  ift 
peiieral  by  the  agency  of  proper  stoves,  as  above  described.  The  bung-holes  should  be 
Idl  open,  and  the  casks  should  not  be  full,  in  order  that  the  air  may  act  over  an  exten- 
sive surface  of  the  liquor.  It  would  be  proper  to  secure  a  freer  circulation  to  the  air,  by 
boring  a  hole  in  each  end  of  the  cask,  near  its  upper  edge.  As  the  liquor,  by  evapora- 
tion, would  be  generally  a  few  degrees  colder  than  the  air  of  the  apartment,  a  circulation 
oi'air  would  be  established  in  at  the  bung-hole,  and  out  by  the  end  holes.  By  the  ordi- 
nary methods,  three  months  are  required  to  make  this  vinegar  marketable,  or  fit  for  the 
manufacture  of  sugar  of  lead.  , 

In  making  vinegar  for  domestic  purposes,  the  casks  are  usually  set  on  their  ends ;  and 
they  have,  sometimes,  a  false  bottom,  pierced  with  holes,  placed  about  a  foot  above  the 
true  one.  On  this  bottom,  a  quantity  of  rapt^  or  the  refuse  raisins,  &.c.  from  the  making 
of  British  wines,  is  laid.  The  mall  liquor  has  a  proper  quantity  of  yeast  ndded  to  it.  In 
about  24  hours  it  becomes  warm,  and  is  then  racked  off  into  another  similar  cask.  AAer 
some  time,  this  racking  process  is  discontinued,  and  the  vinegar  is  allowed  to  complete 
its  fermentation  quietly.  The  proper  temperature  must  always  be  kept  up,  by  placing 
the  cask  in  a  warm  situation.  A  little  wine-stone  (argot)  added  to  the  malt  wash,  wonld 
make  the  vinegar  liker  that  made  from  wine.  Sometimes  a  little  isinglass  is  employed 
to  clarify  vinegar.   A  portion  of  sulphuric  acid  is  oflen  added  to  it. 

3.  Sugar  Vinegar. — By  pursuing  the  following  plan,  an  excellent  sugar  vinegar  may 
be  made.  In  158  quarts  of  boiling  water  dissolve  10  pounds  of  sugar,  and  6  pounds  ol 
wine-stone;  put  the  solution  into  a  fermenting  cask,  and  when  it  is  cooled  to  the  tem- 
perature of  from  75°  to  80°,  add  4  quarts  of  beer  yeast  to  it.  Stir  the  mixture  well,  then 
cover  the  vessel  loosely,  and  expose  it  for  6  or  8  days  to  the  vinous  fermentation,  at  a 
temperature  of  from  70°  to  75°  Fahr.  When  it  has  become  dear,  draw  off  the  vinous 
liquor,  and  either  acetify  it  in  the  graduation  tub  above  described,  or  by  the  common 
Tinegar  process.  Before  it  is  finished,  we  should  add  to  it  12  quarts  of  strong  spirits 
(brandy),  and  15  quarts  of  good  vinegar,  to  complete  the  acetous  fermentation.  With  a 
graduation  tub  which  has  been  used,  this  addition  of  vinegar  is  unnecessary. 

The  following  simpler  prescription  for  making  sugar  vinegar  deserves  attention.  For 
every  gallon  of  hot  water  take  18  ounces  of  sugar ;  and  when  the  sirup  has  cooled  to 
76°)  add  4  per  cent.,  by  measure,  of  yeast.  Whenthe  vinous  fermentation  is  pretty  well 
advanced,  in  the  course  of  2  or  3  days,  rack  off  the  clear  wash  from  the  lees  into  a  proper 
cask,  and  add  1  ounce  of  wine-stone,  and  1  of  crushed  raisins,  for  every  gallon  of  water. 
Expose  it  in  a  proper  manner,  and  for  a  proper  time,  to  the  acetifying  process ;  and  then 
rack  off  the  vinegar,  and  fine  it  upon  beech  chips.  It  should  be  aAerwards  put  inte 
bottles,  which  are  to  be  well  corked. 

Vinegar  obtained  by  the  preceding  methods  has  always  a  yellowish  or  brownish 
eolor.  It  may  be  rendered  colorless  by  distillation.  For  nicer  chemical  purposes, 
ttiis  is  done  in  a  glass  retort ;  but  on  a  large  scale,  it  is  usually  performed  in  a  dean 
eopper  still,  furnished  with  a  capital  and  worm-refrigeratory,  either  of  silver  or  block 
tin.  It  is  volatile  at  the  boiling  temperature  of  water ;  and  if  the  process  be  carried  on 
briskly,  it  will  not  sensibly  corrode  the  copper.  But  we  can  never  obtain,  in  this  way, 
a  strong  artide ;  for,  as  soon  as  the  vinegar  gets  concentrated  to  a  certain  degree,  we 
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cmanot  force  off  the  remainder  by  heat,  for  fear  of  giving  it  an  empjrreiiiDatie  odor ;  he* 
cause  the  glaten,  coloring  matter,  Ilc.  begin  to  adhere  to  the  bottom  of  the  still.  We 
are,  therefore,  obliged  to  saspend  the  operation  at  the  very  time  when  the  acid  is  aeqvi* 
ring  strength.  It  has  been  also  proposed  to  concentrate  vin(*gar  by  the  process  of  con- 
gelation; but  much  of  it  remains  entangled  among  the  frozen  water;  and  common  dit- 
iilled  Tinegar  is  so  weak,  that  it  congeals  in  one  mass. 

Before  the  process  for  pyroligneous  acid,  or  wood  vin^ar,  was  known,  there  was  only 
one  method  of  obtaining  strong  vinegar  practised  by  chemises;  and  it  is  still  followed  by 
some  operators,  to  prepare  what  is  called  radical  or  aromatic  vinegar.  This  consists  in 
decomposing,  by  heat  alone,  the  crystallized  binacetate  of  copper,  commonly,  but  impro- 
perly, called  distilled  verdigris.   With  this  view,  we  take  a  stoneware  retort  (/g.  1), 


■pillittg  when  the  beak  is  considerably  inclined.  We  then  set  it  in  a  proper  furnsce. 
We  attach  to  its  neck  an  adopter  pipe,  and  two  or  three  globes  with  opposite  tubn- 
hiref,  and  a  last  globe  with  a  vertical  tubulure.  The  apparatus  is  terminated  by  a 
Welter's  tnbe,  with  a  double  branch ;  the  shorter  issues  from  the  last  elobe,  and  the 
cyther  dips  info  a  flask  filled  with  distilled  vineirar.  Every  thin?  beinu  thus  arranged, 
we  Inte  the  joinings  with  a  patty  made  of  pipeclay  and  linseed  oil,  an  l  cover  them  with 
gloe  paper.  Each  globe  is  plared  in  a  separate  basin  of  colJ  water,  or  the  whole  may 
be  put  into  an  oblong  trough,  throneh  which  a  constant  stream  of  cold  water  is  made  to 
flow.  The  tubes  must  be  allowed  a  day  to  dry.  Next  day  we  proceed  to  the  distilla- 
tion, tempering  the  heat  very  nicely  at  the  beginning,  and  increasing  it  by  very  slow 
degrees  till  we  see  the  drops  follow  each  other  pretty  rapidly  from  the  neck  of  the  retort, 
or  the  end  of  the  adopter  tube.  The  vapors  which  pass  over  are  very  hot,  whence  a  se- 
ries of  globes  are  necessary  to  condense  them.  Wc  should  renew,  from  time  to  time,  the 
water  of  the  basins,  and  keep  moist  pieces  of  cloth  upon  the  globes;  but  this  demands 
great  care,  especially  if  the  fire  be  a  little  too  brisk,  for  the  vessels  become,  in  that  case, 
so  hot,  that  they  would  infallibly  be  broken,  if  touched  suddenly  with  cold  water.  It  is 
always  easy  for  us  to  regulate  this  operation,  according  to  the  emission  of  iras  from  the 
extremity  oif  the  apparatus.  When  the  air  bubbles  succeed  each  other  with  great  ra- 
pidity, we  must  damp  the  fire. 

The  liquor  which  passes  in  the  first  half  hour  is  weakest;  it  proceeds,  in  some  mea- 
sure, from  a  little  water  sometimes  left  in  the  crystals,  which  ^'hen  well  made,  however, 
ought  to  be  anhydrous.  A  period  arrives  towanls  the  middle  of  the  process  when  we 
•ee  the  extremity  of  the  beak  of  the  retort,  and  of  the  adopter,  covered  with  crystals  of  a 
lamellar  or  needle  shape,  and  of  a  jiale  green  tint.  By  degrees  these  cry«tals  are  carri- 
ed into  the  condensed  liquid  by  the  acid  vapors,  and  (?ive  a  color  to  the  product.  These 
crystals  are  merely  some,  of  the  cupreous  salt  forced  over  by  the  heat.  As  the  process 
approaches  its  conclusion,  we  find  more  difficulty  in  raising  the  vapors;  and  we  mugt 
then  augment  the  intensity  of  the  heat,  in  order  to  continue  the.r  disengagement.  Finally, 
we  jodge  that  the  process  i<t  altosrether  finished,  when  the  elobes  become  cold,  notwith- 
standing the  furnace  is  at  the  hottest,  and  when  no  more  vapors  are  evolved*.*  The  fire 
nay  then  be  allowed  to  go  out,  and  the  retort  to  cool. 

As  the  acid  thus  obtained  is  slightly  tinsetl  with  copper,  it  must  be  rectified  before 
briaginsr  it  into  the  market.  For  this  purpose  we  may  make  use  of  the  same  apparatus, 
only  substituting  for  the  stoneware  retort  a  glass  one,  placed  in  a  sand  hath.  All  the 
globes  ought  to  be  perfectly  clean  and  dry.  The  distillation  is  to  be  conducted  in  the 
atual  way.  If  we  divide  the  product  into  thirds,  the  first  yields  the  feeblest  acid,  and 
the  third  the  strongest.  We  should  not  push  the  process  quire  to  dryness,  because 
there  remain  in  the  last  portions  certain  impurities,  which  would  injure  the  flavor  of 
the  acid. 

The  total  acid  thus  obtained  forms  nearly  one  half  of  the  wei<.;Iit  of  the  acetate 
tnployed,  and  the  residuum  forms  three  tenths;  so  that  about  two  tenths  of  the  acid 
Ittve  been  decomposed  by  the  heat,  and  are  lost.  As  the  oxyde  <T  copper  is  readily 
ledaeed  to  the  metallic  state,  its  oxygen  goes  to  the  elements  of  one  part  of  the  acid,  and 
fiKBS  water*  which  mingles  with  the  products  of  carbonic  acid,  carbureted  hydn^en,  and 


-Fig.  1. 
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of  a  size  suited  to  the 
quantity  we  wish  to  oper- 
ate upon ;  and  coat  it  with 
a  mixture  of  fire  clay  and 
horsedung,  to  make  h 
stand  the  heat  better. 
When  this  coating  is  dry, 
we  introduce  into  the  re- 
tort the  erystalliSHl  ace- 
tate slightly  bruised,  bet 
very  dry ;  we  fill  it  as  ftr 
as  it  will  hokl  wHhont 
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earbonic  oxyde  gases  which  are  disengaged :  and  there  remains  in  the  retort  some  diar. 
eo.tl  mixed  with  metallic  copper.  These  two  combustibles  are  in  such  a  state  of  division, 
that  tl.e  residuum  is  pyrophoric.  Hence  it  oflen  takes  fire  the  moment  of  its  being  re- 
moved from  the  cold  retort.  The  very  considerable  less  experienced  in  this  operation 
has  induced  chemists  to  try  diff  erent  methods  to  obtain  all  the  acid  contained  in  the  ace- 
tate. 'I'hus,  for  example,  a  certain  addition  of  sulphuric  acid  has  been  prescribed ;  bat, 
besides  that  the  radical  vinegar  obtained  in  this  way  always  contains  sulphurous  acid, 
from  which  It  is  difficult  to  free  it,  it  is  thereby  deprived  of  that  spirit  called  the  jvyro- 
aKiiir,  which  tempers  the  sharpness  of  its  smell,  and  gives  an  agreeable  aroma.  It  is  to 
be  p)esi-med,therefoie,that  the  preceding  process  will  continue  to  be  preferred  for  mak- 
ing arcmaiic  vinegar.  Its  odor  is  oAen  further  modified  by  essential  oils,  such  as  those 
of  rosemary,  lavender,  &c. 

4.  Pyrvligt.€CU8  jicid^  or  Wood  Vive^ar. — The  process  for  making  this  acid  is  founded 
npcn  the  general  prc  perty  of  heat,  to  separate  the  elements  of  vegetable  substances,  and 
to  unite  ihem  anew  in  another  order,  with  the  production  of  compounds  which  did  not 
exist  in  the  bodies  subjected  to  its  action.  The  respective  proportion  of  these  products 
varies,  not  only  in  the  diiferent  substances,  but  also  in  the  same  substance,  according  as 
the  degree  of  heat  has  been  greater  or  less,  or  conducted  with  more  or  less  skill.  When 
ve  di>til  a  vegetable  body  in  a  close  vessel,  we  obtain  at  first  the  included  water,  or  that 
of  vegetation ;  there  is  next  formed  another  portion  of  water,  at  the  expense  of  the  oxy- 
gen and  h}drogen  of  the  body;  a  proportional  quantity  of  charcoal  is  set  free,  and,  with 
the  successive  incrrase  of  the  heat,  a  small  portion  of  charcoal  combines  with  the  oxygen 
and  hydrogen  to  form  acetic  acid.  This  was  considered,  for  some  time,  as  a  peculiar  acid, 
and  was  accoidin^ly  called  jiyroJigi.eoiis  acid.  As  the  proportion  of  carbon  becomes 
preiwnJerant,  it  combines  with  the  other  principles,  and  then  some  empyreumatic  oil  is 
volatilized,  of  little  color,  but  which  becomes  thicker,  and  of  a  darker  tint,  always  getting 
more  loaded  with  carbon. 

^eve^al  elastic  fluids  accompany  these  different  products.  Carbonic  acid  comes  over, 
but  in  sn.all  quantity,  much  caiburreied  hydrogen,  and,  towards  the  end,  a  considerable 
proportion  of  carbonic  oxyde.  The  remainder  of  the  charcoal,  which  could  not  be  carried 
ofi'  in  these  several  combinations,  is  found  in  the  retort,  and  preserves,  usually,  the  form 
of  the  vegct'ible  body  which  furnished  it.  Since  monkind  have  begun  to  reason  on  the 
difl'trent  operations  of  the  arts,  and  to  raise  them  to  a  level  with  scientific  researches, 
they  have  introduced  into  several  branches  of  manufacture  a  multitude  of  improvements, 
of  which,  formerly,  they  would  hardly  have  deemed  them  susceptible.  Thus,  in  particu- 
lar,  the  process  for  carbonizing  wood  has  been  singularly  meliorated,  and  in  reference  to 
the  preceding  observations,  advantage  has  been  derived  from  several  products  that  for- 
merly were  not  even  collected. 
The  apparatus  employed  for  obtaining  crude  vinegar  from  wood,  by  the  agency  of  heat. 
Fig.  2.  are  large  iron  cylinders.   In  this  countr)-  they  are  made 

JTT.  r-{  of  cast  iron,  and  are  laid  horizontally  in  the  furnace ;  in 

'*Tx  i  '  !,  France,  they  are  made  of  sheet  iron  riveted  together,  and 

'"^  they  are  set  upright  in  the  fire.   Fig.  2  will  give  an  ac- 

curate idea  of  the  British  plan,  which  is  much  the  same  as 
that  adopted  for  decomposing  pit  coal  in  gas  works,  only 
that  the  cylinders  for  the  pyroligneous  acid  manufacture  are 
generally  larger,  being  frequently  4  feet  in  diameter,  and 
6  or  8  feet  long,  and  built  horizontally  in  brickwork,  so 
that  the  flame  of  one  furnace  may  play  around  two  of 
them.  It  would  probably  answer  better,  if  their  size  were 
brought  nearer  the  dimensions  of  the  gas-light  retorts,  and 
if  the  whole  system  of  worning  them  were  assimilated  to 
that  of  coal  gas. 

The  foiiowmg  arrangement  is  adopted  in  an  excellent  esta- 
blishment in  Glasgow,  where  the  above  large  cylinders  are 
H  6  feet  long,  and  both  ends  of  them  project  a  very  little  beyond 
the  brickwork.  One  end  has  a  disc  or  round  plate  of  cast  iron,  well  fitted,  and  firmly  bolted 
to  it,  from  the  centre  of  which  disc  an  iron  tube,  about  6  inches  diameter,  proceeds  and 
enters,  at  a  right  angle,  the  main  tube  of  refrigeration.  The  diameter  of  this  tube  may  be 
from  9  to  14  inches,  according  to  the  number  of  cylinders.  I'he  other  end  of  the  cylinder 
is  called  the  mouth  of  the  retort ;  thi^  is  closed  by  a  disc  of  iron,  smeared  round  its  edge 
by  clay  lute,  and  secured  in  its  place  by  fir  wedges.  The  charge  of  wood  for  such  a  cylin- 
der is  about  8  rwt.  The  hard  woods — oak,  ash,  birch,  and  beech — are  alone  used ;  fir  does 
not  answer.  The  heat  is  kept  up  during  the  day-time,  and  the  furnace  is  allowed  to  cool 
daring  the  nisht.  Next  morning  the  door  is  opened,  the  charcoal  removed,  And  a  new 
charge  of  wood  is  introduced.  The  average  product  of  crude  vinegar  called  pyrolig- 
mxmi  acid,  is  35  gallons.   It  is  much  contaminated  with  tar,  is  of  a  deep  brown  color. 
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■d  Us  a  ftp.  gr.  oT  1*025.  Its  total  weight  is  therefore  about  300  lbs.,  but  the  residaarf 
darecal  b  found  to  weigh  no  more  than  one  fiAh  of  the  wood  employed ;  hence  ncarlf 
•te  half  of  the  ponderable  matter  of  the  wood  is  dissipated  in  incondensable  gases. 
Cosat  Kumford  states,  that  the  charcoal  is  equal  in  weight  to  more  than  four  tenths  of 
Ik  wood  from  which  it  is  made.  The  count's  error  seems  to  hare  arisen  from  the  slight 
kii  of  an  oYen  to  which  his  wood  was  exposed  in  a  glass  cylinder.  The  result  now 
prea,  is  the  experience  of  an  eminent  manufacturing  chemist. 

The  crude  pyroligneons  acid  is  rectified  by  a  second  distillation  in  a  copper  still,  in  the 
Vodj  of  which  about  twenry  gallons  of  visciJ  tarry  matter  are  left  from  every  100.  It  has 
sow  become  a  transparent  brown  vine?ar,  having  a  considerably  empyreumatic  sroeU, 
sal  a  sp.  gr.  of  1*013.  Its  acid  powers  are  superior  to  those  of  the  best  household 
Tiie^,  in  the  proportion  of  three  to  two.  By  redistillation,  saturation  with  quick- 
har,  cYaporation  of  the  liquid  acetate  to  dryness,  and  conversion  into  acetate  of  soda  by 
nlphate  of  soda,  the  empyreumatic  matter  is  so  completely  dissipated,  that  on  decom- 
poNag  the  pure  acetate  of  soda  by  sulphuric  acid,  a  perfectly  colorless  and  grateful  vine- 
inr  ri«es  in  distillation.  Its  strength  will  be  proportionable  to  the  concentration  of  the 
ieeonposiag  aciJ. 

The  acetic  acid  of  the  chemist  may  be  prepared  also  in  the  following  modes : — 1.  Two 
psrts  of  fused  acetate  of  potash,  with  one  of  the  strongest  oil  of/vitriol,  yield,  by  slow 
diMiUatioa  from  a  glass  retort  into  a  refrigerated  receiver,  concentrated  acetic  acid.  A 
M«n  portion  of  sulphurous  acid,  which  contaminates  it,  may  be  removed  by  redislillatioii 
fron  a  litile  aceUte  of  lead.  2.  Or  four  parts  of  good  sugar  of  lead,  witn  one  part  of 
nlphuric  acid,  treated  in  the  same  way,  aflbrd  a  slightly  weaker  acetic  acid.  3.  Gendy 
cildaed  wlphate  of  iron,  or  green  vitriol,  mixed  with  sugar  of  lead,  in  the  proportion  of 
1  of  the  fo  mer  to  24  of  the  latter,  or  with  acetate  of  copper,  and  carefully  distilled  from 
s  porecla:n  retort  into  a  cool  receiver,  may  be  also  considered  an  economical  process. 
Bst  that  with  binaceute  of  copper  above  described,  is  preferable  to  any  of  these. 

Thf  ifii:irmntcluK'  of  i>yroligneous  acid  is  conducted  in 
iht^  r.>Hij^iiiij  "ny  in  I  i mce.  Into  large  cylindrical 
ve^^Rf]^  I.I  ...  51  i  l'-  i  f  II veted  sheet  iron,  and  having 
at  Ltieur  hqy  and  mUu  a  sheet  iron  cylinder,  the  wood 
lulftiiled  fur  makiof  ^torcoal  is  introduced.  To  the 
«|ipir  part  of  Ihii  vesMS  b  cover  of  sheet  iron,  b,  is 
adapted^  which  i.<  fixed  with  bolts.  This  vessel,  thus 
closed^  represents  as  we  i^te,  a  vast  retort.   When  it  is 

Ou    \  prepareiK  iti  we,  ha  ve  said,  it  is  liAed  by  means  of  a  swing 

B     \    ^  cra^e,  c,  and  pIftceJ  in  a  furnace,  D  (Jig.  4),  of  a 

n     \  form  relative  lo  that  of  the  vessel,  and  the  opening  of  tho 

I      \  fminitfi  i»  «amed  wjik  m  dome,  e,  made  of  masonry  or 

II       \         teiiicimlc.  Thtt  v^Ie  being  thus  arranged,  heat  is  ap- 
pUod  in  the  furnace  at  the  bottom.   The  moisture  of 
the  wood  is  first  dissipated,  but  by  degrees  the  liquor 
erases  to  be  tr:\n<:p:in'n!.  And  becomes  sooty.  An  adopter 
lubcj  A,  \<  iiif'ft  la'' il     the  lateral  cylinder.  This  adopter 
enters  intu  anc^ther  tube  m  the  same  degree  of  inclinatioii 
wl^eh  coauBcnecs  the  condensing  apparatus.   The  means 
of  coDdeAsatiofli  rary  according  to  the  localities.   In  cer- 
laiii  works  they  cool  by  means  of  air,  by  making  the 
vapnr  pass  lbr<?ogh  a  !onj?  series  of  cylinders,  or  some- 
limef,  cvinn,  ihroiJijh  ft  Pt-ries  of  casks  connected  together; 
"Ym*.  inv9\  u<:Mnl]>  wittFr  is  tined  for  condensing,  when  it 
eaa  he  easily  proctt^  in  abundance.   The  most  simple 
apparatus  employed  for  this 
purpose  consists  of  two  ey 
linders,  r,  r  {Jig.  4),  tha 
one  within  the  other,  and 
which  leave  between  them 
a  sufficient  space  to  aUow 
a    considerable    body  of 
wnter  to  circulate  along  and 
cool    the    vapors.  This 
double  cylinder  is  adapted 
to  the  distilling  vessel,  and 
placed  at  a  certain  inclina^ 
tion     To  the  first  double 
tube,  F,  r,  a  fecondy  aad 
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tOBcCimes  n  third,  entirely  simflar,  are  eonnected,  wliich,  to  save  spaee,  return  npon  them- 
•elves  io  a  zigxag  fashion.  The  water  is  set  in  circulation  by  an  ingenious  meaat 
now  adopted  in  many  different  manufactories.  From  the  lower  extremity,  c,  of  the 
system  of  condensers,  a  perpendicular  tube  rises,  whose  lens^th  should  be  a  little  more 
than  the  most  elevated  point  of  the  system.  The  water,  furnished  by  a  reservoir, 
enters  by  means  of  the  perpendicular  tube  through  the  lower  part  of  the  system,  and 
fills  the  whole  space  between  the  double  cylinders.  When  the  apparatus  is  in  action, 
the  vapors,  as  they  condense,  raise  the  temperature  of  the  water,  which,  by  the  column 
in  L  G,  is  pressed  to  the  upper  part  of  the  cylinders,  and  runs  over  by  the  spout  k.  To 
this  point  a  very  short  tube  is  attached,  which  is  bent  towards  the  ground,  and  serves  at 
an  overflow. 

The  condensing  apparatus  is  terminated  by  a  conduit  in  bricks  covered  and  sunk  ta 
the  ground.  At  the  extremity  of  this  species  of  gutter  is  a  bent  tube,  e,  which  dis- 
charges the  liquid  product  into  the  first  cistern.  When  it  is  full,  it  empties  itself,  by 
means  of  an  overflow  pipe,  into  a  great  reservoir :  the  tube  which  terminates  the  gutter 
plunges  into  the  liquid,  and  thus  intercepts  communication  with  the  inside  of  the  appa- 
ratus. The  disengaged  gas  is  brought  back  by  means  of  pipes  m  l,  from  one  of  the  sides 
of  the  conduit  to  the  under  part  of  the  ash  pit  of  the  furnace.  These  pipes  are  furnish- 
ed with  stopcocks  M,Nat  some  distance  in  front  of  the  furnace,  for  the  purpose  of  regula- 
ting the  jet  of  the  gas,  and  interrupting,  at  pleasure,  communication  with  the  inside  of 
the  apparatus.  The  part  of  the  pipes  which  terminates  in  the  furnace  rises  perpendleo- 
larly  severallnches  above  the  ground,  and  is  expanded  like  the  rose  of  a  watering  ean,  ir. 
The  gas,  by  means  of  this  disposition,  can  distribute  itself  uniformly  under  the  vessel,  with- 
out suffering  the  pipe  which  conducts  it  to  be  obstructed  by  the  fuel  or  the  ashes. 

The  temperature  necessary  to  effect  the  carbonization  is  not  considerable:  however,  at 
the  last  it  is  raised  so  high  as  to  make  the  vessels  red  hot ;  and  the  duration  of  the  process 
is  necessarily  proportional  to  the  quantity  of  wood  carbonized.  For  a  vessel  which  shaB 
contain  about  5  meters  cube  (nearly  6  cubic  yds.),  8  hours  of  fire  is  suflicient.  It  is 
known  that  the  carbonization  is  complete  by  the  color  of  the  flame  of  the  gas :  it  is 
first  of  a  yellowish  red ;  it  becomes  afterwards  blue,  when  more  carbonic  oxyde  than 
carbonic  hydrogen  is  evolved;  and  towards  the  end  it  becomes  entirely  white, —  a  circum- 
stance owing,  probably,  to  the  furnace  tK-ins;  more  heated  at  this  period,  and  the 
combustion  being  more  complete.  There  is  still  another  means  of  knowing  the  state  of 
the  process,  to  which  recourse  is  more  frequently  had ;  that  is  the  cooling  of  the  first 
tubes,  which  are  not  surrounded  with  water  :  a  few  drops  of  this  fluid  are  thrown  npon 
their  surface,  and  if  they  evaporate  quietly,  it  is  judged  that  the  calcinotion  is  suflicient. 
The  adopter  tube  is  then  unluted,  and' is  slid  into  its  junction  pipe;  the  orifices  are 
immediately  stopped  with  plates  of  iron  and  plaster  loom.  The  brick  cover,  e,  of  the 
furnace  is  first  removed  by  means  of  the  swins;  crane,  then  the  cylinder  itself  is  lifted 
out  and  replaced  immediately  by  another  one  previously  charged.  When  the  cylinder 
which  has  been  taken  out  of  the  furnace  is  entirely  cooled,  its  cover  is  removed,  and  the 
charcoal  is  emptied.  Five  cubic  meters  of  wood  furnish  about  7  chaldrons  (v(»ie8)  and 
a  half  of  charcoal.  (For  modifications  of  the  wood-vinegar  apparatus,  see  Charcoal 
and  PvROLiGNEous  Acid.) 

The  different  qualities  of  wood  employed  in  this  operation  give  nearly  similar  pro- 
ducts in  reference  to  the  acid ;  but  this  is  not  the  case  with  the  charcoal,  for  it  is  better 
the  harder  the  wood  ;  and  it  has  been  remarked  that  wood  long  exposed  to  the  air  fa^ 
nishes  a  charcoal  of  a  worse  quality  than  wood  carbonized  soon  aAer  it  is  cut. 

Havins  described  the  kind  of  apparatus  employed  to  obtain  pyroligneous  acid,  I  shall 
now  detail  the  best  mode  of  purifying  it.  This  acid  hns  a  reddish  brown  color ;  it  holds 
in  solution  a  portion  of  empyreumatic  oil  and  of  the  tar  which  were  formed  at  the  same 
time,  another  portion  of  these  products  is  in  the  state  of  a  shnple  mixture  :  the  latter 
may  be  separated  by  repose  alone.  It  is  stated  above,  that  the  distilling  apparatus 
terminates  in  a  subterranean  reservoir,  where  the  products  of  all  the  vessels  are  mixed. 
A  common  pump  communicates  with  the  refervcir,  and  sinks  to  its  very  bottom,  in  order 
that  it  may  draw  ofl'  only  the  stratum  of  tar,  which,  according  to  its  grentrr  density, 
occupies  the  lower  part.  From  time  to  time  the  pump  is  worked  to  remove  the  tnr  as  it 
is  deposited.  The  reservoir  has  at  its  top  an  overflow  pipe,  which  discharges  the  clear- 
est acid  into  a  cistern,  from  which  it  is  taken  by  means  of  a  second  pump. 

The  pyroligneous  acid  thus  separated  from  the  undissolved. tar  is  transferred  from  this 
cistern  into  laree  sheet  iron  boilers,  whrn*  its  saturation  is  effected  ei.her  by  quicklime 
or  liy  chalk,  the  latter  of  which  is  preferable,  as  the  lime  is  apt  to  take  some  of  the  tar 
faito  combination.  The  acid  parts  by  saturation  with  a  new  portion  of  the  tar,  which  is 
removed  by  skimmers.  The  neutral  solution  is  then  allowed  to  rest  for  a  sufficient  time 
Io  let  its  clear  parts  be  drawn  off  by  decantation. 

The  acetate  of  lime  thus  obtamed  indicates  by  the  hydrometer,  before  being  mixed  with 
the  waters  of  edulcoration^  a  degree  corresponding  to  the  acidimetric  degree  of  the  acid 
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onployed.  This  solution  must  be  evaporated  till  it  reaches  a  specific  gravity  of  M14 
ilS^  Baume),  aHer  which  there  is  added  to  it  a  saturated  solution  of  sulphate  of  soda. 
The  adds  exchange  bases ;  sulphate  of  lime  precipitates,  and  acetate  of  soda  remains  in 
rahition.  In  some  inannfacttures,  instead  of  pursuing  the  above  plan,  the  sulphate  of 
Kxla  is  dissolved  in  the  hot  pyroligneous  acitl,  which  is  aAerwards  saturated  with  chalk 
or  lime.  By  this  means  no  water  need  be  employed  to  dissolve  the  sulphate,  and  ac- 
eofdingly  the  liquor  is  obtained  in  a  concentrated  form  without  evaporation.  In  both 
nodes  the  sulphate  of  lune  is  allowed  to  settle,  and  the  solution  of  acetate  of  soda  is  de- 
bated. The  residuum  is  set  aside  to  be  edulcorated,  and  the  last  waters  are  employed 
for  washing  fresh  portions. 

The  acetate  of  soda  which  results  from  this  double  decomposition  is  afterwards  evap- 
irated  till  it  attains  to  the  density  of  1*225  or  1*23,  according  to  the  season.  This  so- 
lution is  poured  into  large  crystallizing  vessels,  from  which,  at  the  end  of  3  or  4  days, 
according  to  their  capacity,  the  mother  waters  are  dt^canted.  and  a  first  crj'stallization  is 
obtained  of  rhomboidal  prisms,  which  are  highly  colored  and  very  bulky.  Their  facettes 
are  finely  polished,  and  their  edges  very  sharp.  The  mother  waters  are  submitted  to 
saccessiTe  evaporations  and  crystallizations  till  they  refuse  to  crj'stallize,  and  they  are 
theo  burnt  to  convert  them  into  carbonate  of  soda. 

To  avoid  guesswork  proportions,  which  are  always  injurious,  by  the  loss  of  time  which 
they  occasion,  and  by  the  bad  results  to  which  they  oAen  lead,  we  shoiUd  determine 
experimentally,  beforehand,  the  quantities  absolutely  necessary  for  the  reciprocal  decom- 
pontion,  especially  when  we  change  the  acid  or  the  sulphate.   But  it  may  be  remarked 
tht:,  notwithstanding  all  the  precautions  we  can  take,  there  is  always  a  notable  quantity 
of  sulphate  of  soda  and  acetic  acid,  which  disappear  totally  in  this  decompositicm.  This 
irises  from  the  circumstance  that  sulphate  of  soda  and  acetate  of  lime  do  not  completely 
dteompose  each  other,  as  I  have  ascertained  by  experiments  on  a  very  considerable  scate ; 
ind  thus  a  portion  of  each  of  them  is  always  lost  with  the  mother  waters.   It  might  be 
npposed  that  by  calcining  the  acetate  of  lime  we  could  completely  destroy  its  empy- 
.'Munatie  oil ;  but,  though  I  have  made  many  experiments  with  this  view,  I  never  could 
lUtio  an  acetate  capable  of  affording  a  tolerable  acid.   Some  manufacturers  prefer  to 
onke  the  acetate  of  soda  by  direct  saturhtion  of  the  acid  with  the  alkali,  and  think  that 
flte  higher  price  of  this  substance  is  compensated  by  the  economy  of  time  and  fuel  which 
it  produces. 

The  acetate  of  soda  is  easily  purified  by  crystallizations  and  torrefaction ;  the  latter 
process,  when  well  conducted,  freeing  it  com))letely  from  every  particle  of  tar.  This 
torrefaction,  to  which  the  name  of  fusion  may  be  given,  requires  great  care  and  dexterity. 
It  is  usually  done  in  shallow  cast  iron  boilers  of  a  hemispherical  shape.  During  all  the 
time  that  the  heat  of  about  500°  Fahr.  is  applied,  the  fu^ed  mass  must  be  diligently  work- 
ed with  rakes;  an  operation  which  continues  about  24  hours  for  half  a  ton  of  materials. 
We  must  carefully  avoid  raising  the  temperature' so  hish  as  to  decompose  the  acetate, 
tad  be  sure  that  the  heat  is  equally  distributed  ;  for  if  any  point  of  the  mass  enters  into 
decomposition,  it  is  propagated  with  such  rapidity,  as  to  be  excessively  difficult  to  stop 
its  pru?ress  in  destroying  the  whole.  The  heat  should  never  be  so  great  as  to  disengage 
anj  sinoke,  even  when  the  whole  acetate  is  liquefied.  When  there  is  no  more  frothing 
up,  and  the  mass  fiows  like  oil,  the  operation  is  finished.  It  is  now  allowed  to  cool  in  a 
body,  or  it  may  be  ladled  out  into  moulds,  which  is  preferable. 

When  the  acetate  is  dissolved  in  water,  the  charcoaly  matter  proceeding  from  the 
decomposition  of  the  Ur  must  be  separated  by  filtration,  or  by  boiling  up  the  liquor  to 
the  specific  gravity  1*114,  when  the  carbonaceous  matter  falls  to  the  bottom.  On  eva- 
porating the  clear  liquor,  we  obtain  an  acetate  perfectly  fine,  which  yields  beautiful 
crystals  on  cooling.  In  this  state  of  purity  it  is  decomposed  by  sulphuric  acid,  in  order 
to  separate  its  acetic  acid. 

This  last  operation,  however  simple  it  appears,  requires  no  little  care  and  skill.  The 
leetate  of  soda  crystallized  and  ground  is  put  into  a  copper,  and  the  necessary  quantity 
of  salphuric  acid  of  1*842  (about  35  per  cent,  of  the  salt)  to  decompose  almost,  but  not 
aQ,  the  acetate,  is  poured  on.    The  materials  are  leA'to  act  on  each  other;  by  degrees 
the  acetic  acid  quits  its  combination,  and  swims  upon  the  surface ;  the  greater  part  of 
the  resulting  sulphate  of  soda  falls  in  a  pulverulent  form,  or  in  small  granular  crystals, 
to  the  bottom.    Another  portion  remains  dissolved  in  the  liquid,  which  has  a  specific 
gravity  of  1*08.    By  distillation  we  separate  this  remainder  of  the  sulphate,  and  finally 
oteain  acetic  add,  having  a  specific  gravity  of  1*05,  an  agreeable  taste  and  smell,  though 
towards  the  end  it  becomes  a  little  empyreumatic,  and  colored ;  for  which  reason^  the 
Ittt  portions  must  be  kept  apart.   The  acid  destined  for  table  use  ought  to  be  distflleit 
is  in  alembie  whose  capital  and  condensing  worm  are  of  silver ;  and  to  make  it  very 
tie,  it  may  be  aAerwards  infused  over  a  little  washed  bone-black.   It  is  usually  obtained 
'b  a  fietty  concentrated  state ;  but  when  we  wish  to  give  it  the  highest  degree  of  concen- 
tntion,  we  mix  with  it  a  quantity  of  dry  muriate  of  lime,  and  distil  anew.   This  acid  ma) 
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be  ftfterwards  exposed  to  eongelatioii,  when  the  strongest  will  erystallize.  ItisdeciBti   

and  the  crystals  are  melted  by  exposing  them  to  a  temperatnre  of  from  60^  to  70^  Fahr.g 
this  process  is  repeated  till  the  acid  congeals  withont  remainder,  at  the  temperature  of  56 
Fahr.   It  has  then  attained  its  maximnm  strength,  and  has  a  specific  gravity  of  1.063. 

We  shall  add  an  observation  on  the  above  mode  of  decomposing  the  acetate  of  aodal 
sulphuric  acid.   Many  difficuliies  are  experienced  in  this  process,  if  the  sulphuric  t 
be  poured  on  in  small  quantities  at  a  time ;  for  then  such  acrid  fumes  of  acetic  acid  < 
disensaged,  that  the  workmen  are  obliged  to  retire.   This  inconvenience  may  be  i 
by  adding  all  the  sulphuric  acid  at  once ;  it  occupies  the  lower  part  of  the  vessel,  an 
decomposes  only  the  portion  of  the  acetate  in  contact  with  it ;  the  heat  evolved  in  eonsc 

quence  of  this  reaction  is  diffused  through  a  great  mass,  and  produces  no  sensible  effect  =^ 

When  the  sulphuric  acid  forms  an  opening,  or  a  species  of  little  crater,  the  workman,  b*  n 
means  of  a  rake,  depresses  the  acetate  into  it  by  degrees,  and  then  the  decompositio^^MB 
proceeds  as  slowly  as  he  desires. 

The  acetic  acid,  like  the  nitric,  chloric,  and  some  others,  has  not  hitherto  been  obtain..^K* 
ed  iree  from  water,  and  the  greatest  degree  of  concentration  which  we  have  been  able  t^^^ 
five  it  is  that  in  which  it  conta  ns  only  the  quantity  of  water  equivalent  to  the  atomi  ^ 
weight  of  another  oxydized  body;  a  quantity  which  amounts  to  14*89  percent.  Ih 
processes  prescribed  for  preparing  concentrated  acetic  acid  sometimes  tend  to  deprive  t 

of  that  water  without  which  it  could  not  exist :  hence,  in  all  such  cases,  there  is  a  pai  1 

of  the  acid  itself  decomposed  to  furnish  the  water  necessary  to  the  constitution  of  the  lu  -  * 
mainder.  The  constituent  principles  of  the  decomposed  portion  then  form  a  pecoliaK^ 
intoxicating,  highly  inflammatory  liquid,  called  the  ptho-acetic  spirit. 

The  most  highly  concentrated  acid  of  1*063  Becomes  denser  by  the  addition  of  a  eec^ 
tain  quantity  of  water  up  to  a  certain  point.   According  to  Berzelius,  the  prime  cqniw* 
lent  of  this  acid  is  643-189,  oxygen  being  reckoned  100.   Now,  the  above  strongest  aeicf 
eonsists  of  one  prime  of  acid,  and  one  of  water  =  1124*79.    When  it  contains  thre« 
atoms  of  water,  that  is,  337*437  parU  to  643*  189,  or  34*41  to  65*59  in  100,  it  then  hms 
taken  its  maximum  density  of  1*075 ;  ai\er  which  the  further  addition  of  water  (Ubub- 
ishes  its  specific  gravity,  as  the  following  table  of  Mollerat  shows.   His  supposed  aaky- 
drons  or  di7  acid  contains,  at  1*0630,  0*114  parts  of  water. 

Table  of  jSceiic  Jcid. 


Water  In 
100  parts. 

$l«cific 
gravity. 

Water  in 
100  paru. 

Specific 
gravity. 

000 

1*0630 

33*83 

1*0742 

8*37 

1074;2 

37*60 

1  0728 

17*00 

1*0770 

4700 

10658 

23*00 

10791 

50  00 

1*0637 

28*10 

1-0763 

51*80 

1063 

Acetic  acid  readily  takes  fire  when  it  is  heated  in  open  vessels  lo  the  boiling  poioi^ 
and  it  bums  with  a  blue  flame,  nearly  like  alcohol.  It  must  be  kept  in  close  Tcmli^ 
otiierwise  it  loses  its  strength,  by  attracting  humidity  from  the  air.  When  concentrated^ 
it  is  used  only  as  a  scent,  or  pungent  exciter  of  the  olfactory  organs,  in  sickness  and 
fiunting  fits.  Its  anti-epidemic  qualities  are  apocryphal.  What  is  met  with  in  the  sbofia 
under  the  name  of  salts  of  vinegar  is  nothing  but  sulphate  of  potash,  put  up  in  smaO 
visls,  and  impregnated  with  acetic  acid,  sometimes  rendered  aromatic  with  oil  of  rate* 
mary  or  lavender. 

Acetic  acid,  in  its  dry  state,  as  it  exists  in  fused  acetate  of  potash  or  soda,  is  mmpnsod 

'  47*536  carbon 
5-822  hydrogen 
46*642  oxygen 


100*000 

And  Its  symbol  by  Berzelius  is  H<  C4  Os  >=  A.  We  must  bear  in  mind  that  his  ftrmitr 
weight  for  hydrogen  is  only  one  half  of  the  number  usually  assigned  to  it  by  British 
dkemists,  in  consequence  of  his  making  water  a  compound  of  two  atoms  of  hydrogen  aal 
one  of  oxygen. 

When  the  vapor  of  acetic  acid  is  made  to  traverse  a  red-hot  tube  of  iron,  it  it  eoB* 
fvted  into  water,  carbonic  acid,  carboreted  hydrogen,  bat  chiefly  pyzo-acetic  spuEtt* 
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kertt  wad  h  •  tolTeiit  of  feteral  orfanie  products;  toeh  as  camj^r,  gluten,  giiiD-i<»- 
m,mhn,  die  fbriae  of  blood,  the  white  of  egg,  &e. 

Umn  unpoitant  problem  to  teertain  the  pmity  and  strength  of  Tinegar.  Sporious 
•di^  is  too  olten  given  to  it  by  cheaper  acids,  snch  as  the  salphnric  and  the  nitrie. 
ThewMcr  may  moat  sordj  be  detected  by  the  nitrate  of  baryta,  or  even  by  aceUte  of 
hii,  which  oecaskm  a  white  precipitate  in  snch  adulterated  vinegar.  For  the  case  of 
■hfc^  whieh  is  more  insidions,  the  proper  test  is,  a  bit  of  goM  leaf,  wetted  with  a  few 
ktft  of  — riafic  aeid.  If  the  leaf  dissolves,  on  heating  the  mixture  in  a  watch  glass,  we 
WKf  be  sare  that  nitric  add  is  present. 

flpeoic  graTity,  if  determined  by  a  sensible  hydrometer,  is  a  good  test  of  the  strength 

the  genuine  vinegar;  and  the  following  table  of  Messrs.  Tkylor  is  nearly  correct,  or 
HAamdy  90  for  eommerctal  transactions. 

Icfeane  proof  vinegar,  called  by  the  English  manufacturer  No.  24,  has  a  spedfie 
pifiiy  of 

1"0085  and  contains  of  real  acid  in  100—  5 

1-0170  10 

1-0257    16 

1-0320    20 

1-0470    30 

1-0680    40 

As  euite  doty  of  2d.  is  levied  on  every  gallon  of  the  above  proof  vinegar.  Its 
tteiCtk  is  not,  however,  estimated  directly  by  iu  specific  gravity,  but  by  the  specific 
psfilf  which  it  assumes  when  saturated  with  quicklime.  The  dedmal  fraction  of  the 
iNfc  gnvity  of  the  calcareous  aceUte  is  very  nearly  the  double  of  that  of  the  pure 
mtpsr;  or,  1-009  in  vinegar  becomes  1*018  in  acetate  of  lime.  The  vinegar  of  malt 
mitim  to  mwch  mucilage  or  ghiten,  that  when  it  has  only  the  same  acid  strength  as 
*e  skove,  it  has  a  density  of  1.0014,  hot  it  becomes  only  1*023  when  converted  into 


•MMt  of  lime :  indeed,  0-005  of  its  density  is  due  to  mucilaginous  matter.  This  faet 
Am  the  fidlaey  of  trusting  to  the  hydrometer  for  determining  the  strength  of  vinegars, 
vkieh  may  be  more  or  less  loaded  with  vegetable  gluten.  The  proper  test  of  this,  as  of 
iD  other  acids,  is,  the  quantity  of  alkaline  matter  which  a  given  weight  or  measure  of  it 
viU  ntmrnte.  For  this  purpose  the  bicarbonate  of  potash,  commonly  called,  in  the 
lasdoa  shops,  carbonate,  may  be  employed  very  conveniently.  As  it  is  a  very  uniform 
Mtaaace,  and  its  atomic  weight,  by  the  hydrogen  radix,  is  100*584,  while  the  atomic 
vcirht  of  aeetic  add,  by  the  same  radix,  is  51-563,  if  we  estimate  2  grains  of  the  bicar- 
ksMle  as  equivalent  to  1  of  the  real  acid,  we  shall  commit  no  appreciable  error.  Henee^ 
•  tskmkm  of  the  carbonate  containing  200  grains  in  100  measures,  will  form  an  aceti- 
■eter  of  the  moat  paf^  and  convenient  kind ;  for  the  measures  of  test  liquid  expended 
is  mtarating  any  measure, — for  Distance,  an  ounce  or  1000  grains  of  acid, — will  indi- 
CBle  the  nmnher  of  grains  of  real  aeetic  acid  in  that  quantity.  Thus,  1000  grains  of  the 
•bove  pfoof,  would  require  50  measures  of  the  acetimetrical  alkaline  solution,  showing 
tet  it  eootaias  50  grains  of  real  acetic  add  in  1000,  or  5  per  cent. 

fl  is  rossmnn  to  add  to  purified  wood  vinegar,  a  little  acetic  ether,  or  caramelised 
/bmst)  a^ar  to  color  it,  also,  in  France,  even  wine,  to  flavor  it.  Its  blanching  effect 
Wftm  ni  cahhage,  which  it  has  been  employed  to  pickle,  is  owing  to  a  little  sulphurona 
MkL  TVs  may  be  removed  by  redistillation  with  peroxyde  of  manganese.  Indeed. 

to  purify  the  pyroligneous  add  solely  by  distilling  it  with  peroxyde  or 
I  then  digesting  it  with  bruised  wood  charcoal ;  or  by  distilling  it  with  a 
» of  salphnric  acid  and  manganese.   But  much  acid  is  lost  in  this  case  by  the  lb(w 
I  flf  aoelate  of  that  metaL 

awl  beech  afford  most  pyroligneous  acid,  and  pine  the  least.   It  is  exdusively 
,  id  in  the  arts,  for  most  purposes  of  which  it  need  not  be  very  highly  purified, 
fe  is  siadi  oted  ia  calko  printing,  for  preparing  acetate  of  iron  called  laoN  Liqvob,  and 
asHate  of  alamina,  called  Red  Liquob  ;  which  see.   It  serves'also  to  make  sugar  of 
hai;  yet  whea  it  eontains  its  usissl  quantity,  after  rectificatwn  of  Urry  matter,  the 
asMe  of  lead  will  hardly  erystallixe,  bift  forms  cauliflower  concretionf .  This  evil  mmr 
li  wtdkd,  I  believe,  by  boiling  the  saline  solution  with  a  very  little  nitric  add,  which 
CBBses  the  predpitation  of  a  brown  granular  substance,  and  gives  the  liquor  a  reddish 
liaia.  The  solatioa  being  afterwards  treated  with  bruised  charcoal,  becomes  cotorleas, 
farafahei  regnlar  ery^als  of  acetate  or  sugar  of  lead. 
P^rsligaeoas  acid  poasesses,  in  a  very  eminent  degree,  anti-pntreseent  properties.  Fleih 
^■fsi  m  it  fiir  a  lew  hours  may  be  afterwards  dried  in  the  air  without  corruptingi  bat 
illsBHKa  hold,  oad  aomewhat  leather-like :  so  that  this  mode  of  preservation  does  not 
MwwtA  te  halthai'^i  meat.  Fish  are  sometimes  cured  with  it.  See  Pvao-ACBno 
Wff  f  Pnosnic  Emaj  Praozouc  Spibit  ;  Ptrouonbous  Acid  and  VmBOAm. 
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ACETIMETER.  An  appantos  for  determining  the  strength  of  vinegar.  See  tkj  J 
oondnsion  of  the  preceding  article  for  a  description  of  my  simple  method  oif  aeetimetry.  — 

ACETONE.   The  new  chemical  name  of  pyro^cetie  spirit. 

ACID  OF  ARSENIC.  {^cid$  jSnenique,  Fr. ;  jSrtemk*aurt,  Genn.) 

ACIDS.  A  class  of  chemical  suhetances  characterized  by  the  property  of  eombmiog^ 
with  and  neutralizing  the  alkaline  and  other  bases,  and  of  thereby  forming  a  peciiUu~ 
class  of  bodies  called  salts.  The  acids  which  constitute  objects  of  special  mannfifcituii  ■ 
for  commercial  purposes  are  the  following : — acetic,  arsenious,  carbonic,  chromic^  dtrk^ 
malic,  muriatic,  nitric,  oxalic,  phosphoric,  sulphuric,  tartaric,  which  see. 

ACROSPIRE.  {Plumule^  Fr. ;  Blaiikeim,  Germ.)  That  part  of  a  germinatiny  aeeV 
which  botanists  call  the  plumula,  or  plumes.   See  Beer  and  Malt. 

ADDITIONS.  Such  articles  as  are  added  to  the  fermenting  wash  of  the  distiller  ■» 
distinguished  by  this  trivial  name. 

ADIPOCIRE.  Fr.  (Fettwachs,  Germ.)  The  fatty  matter  generated  in  dead  bodietf 
buried  under  peculiar  circumstances.  In  1786  and  1787,  when  the  churchyard  of  the 
buiocents,  at  Paris,  was  cleaned  out,  and  the  bones  transported  to  the  catacombs,  it  was 
discovered  that  not  a  few  of  the  cadavres  were  converted  into  a  saponaceous  white  sub- 
stance, more  especially  many  of  those  which  had  been  interred  for  fif\een  years  in  one 
pit,  to  the  amount  of  1500,  in  coffins  closely  packed  together.  These  bodies  were  flat- 
tened, in  consequence  of  their  mutual  pressure ;  and,  though  they  generally  retained 
their  shape,  there  was  deposited  round  the  bones  of  several  a  grayish  white,  somewhat 
soft,  flexible  substance.  Fourcroy  presented  to  the  Academy  of  Sciences,  in  1789,  a  oom- 
prehensive  memoir  upon  this  phenomenon,  which  appeared  to  prove  that  the  fktty  body 
was  an  ammoniacal  soap,  containing  phosphate  of  lime ;  that  the  fat  was  similar  to  sper* 
maceti,  as  it  assumed  on  slow  cooling  a  foliated  crystalline  structure ;  as  also  to  wax, 
when  rapidly  eooled,  it  became  granular :  hence  he  called  it  Mivocire,  Its  melting  poiai 
was  52*5''  C.  (126*6^  Fahr.).  He  likewise  compared  this  soap  to  the  fat  of  gall-stoneey 
and  supposed  it  to  be  a  natural  product  of  the  slow  decomposition  of  all  animal  matter, 
except  bones,  nails,  and  hairs. 

This  substance  was  again  examined  by  Chevreul  in  1812,  and  was  found  by  him  to 
contain  margaric  acid,  oleic  acid,  combined  with  a  yeUow  coloring,  odorous  matter,  be- 
sides ammonia,  a  little  lime,  potash,  oxyde  of  iron,  salts  of  lactic  acid,  an  azotized  sob- 
stance  ;  and  was  therefore  considered  as  a  combination  of  margaric  and  oleic  acids,  ia 
variable  proportions  (whence  arose  its  variable  Visibility),  but  that  it  was  not  analogous 
with  either  spermaceti  or  cholesterine  (gallstones).  These  fat  acids  are  obviously  gene- 
rated by  the  reaction  of  the  ammonia  upon  the  margarine  and  oleine,  though  they  even- 
tually lose  the  greater  part  of  that  volatile  alkali. 

According  to  the  views  of  both  Gay  Lussac  and  Chevreul,  this  adipocire  proeeeda 
solely  from  the  pre-existing  fat  of  the  dead  body,  and  not  from  the  flesh,  tendons,  or  ev- 
tilages,  as  had  been  previously  imagined ;  which  had  led  to  some  expensive  and  abortHc 
attempts,  upon  the  great  scale  of  manufacture,  to  convert  the  dead  bodies  of  cattle  into 
adipocire,  for  the  purposes  of  the  candle-maker  or  soap-boiler,  by  exposing  them  for  some 
time  to  the  action  of  moisture. 

Yon  Hartkol  msde  experiments  during  25  years  upon  this  subject,  from  which  he 
inferred,  that  there  is  no  formation  of  adipocire  in  bodies  buried  in  dry  ground ;  thsl 
in  moist  earth  the  fat  of  the  dead  body  does  not  increase,  but  changes  into  a  f^tld 
saponaceous  substance,  incapable  of  being  worked  into  either  soap  or  candles ;  that  Um 
dnd  bodies  of  mammalia  inmiersed  in  running  water,  leave  behind  after  3  years  a  pore 
fiit,  which  is  more  abundant  from  young  than  from  old  anmials ;  that  the  intestinet 
aflTord  more  fat  than  the  muscles;  that  from  this  fat,  without  any  purification,  candles 
may  be  made,  as  void  of  smell,  as  hard,  and  as  white,  as  from  bleached  wax ;  that  froai 
cadavers  immersed  for  3  years  in  stagnant  water,  more  fat  is  procured  than  from  those 
in  running  water,  but  that  it  needs  to  be  purified  before  it  can  be  made  into  soap  or 
candles. 

The  cause  of  the  difierence  between  Hartkol*s  and  Chevreurs  results  cannot  be 
assigned,  as  the  latter  has  not  published  his  promised  remarks  upon  the  subject.  At 
any  rate,  dead  animal  matter  can  be  worked  up  more  profitably  than  in  making  artifieisi 
adipocire, 

ADIT.  The  horizontal  entrance  of  a  mine.  It  is  sometimes  called  the  drift.  8ss 
Mining  and  Metallurot. 

ADULTERATION.  The  debasing  any  product  of  mannfhetnre,  especially  chemied; 
by  the  introduction  of  cheap  materials.  The  art  of  ascertaining  the  genuineness  of  Uie 
several  products  will  be  taught  under  the  specific  objects  of  manufacture. 

AETHER.   See  Ether. 

AFFINrrr.^.  The  chemical  term  denoting  the  peculiar  attractive  force  which  pro- 
dvces  the  combination  of  dissimilar  substances ;  such  as  of  an  alkali  with  an  add,  or  of 
sulphur  with  a  metal 
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AGARIC.  A  species  of  boletus  or  fungas,  which  grows  in  dunghills ;  with  the 
salts  of  iron  it  affoitls  m  black  dye.   It  is  said  to  be  convertible  into  a  kind  of  china  ink. 

AGATE.  A  sUicions  mineral  which  is  cut  into  seals  and  other  forms  for  the  coarser 
kinds  of  jewellerr.   See  Gem. 

AIR.   See  Vkntilatiom. 

ALABASTER,  is  a  stone  usually  white,  and  soft  enough  to  be  scratched  by  iron. 
There  4re  two  kindbi  of  it :  the  gypseous,  which  is  merely  a  natural  semi-crystalline  sul- 
phate of  lime ;  and  the  calcareous  alabaster,  which  is  a  carbonate  of  lime.  The  oriental 
alabaster  is  always  of  the  latter  kind,  and  is  most  esteemed,  because  it  is  agreeably 
?ari^mted  with  lively  colors,  and  especially  with  zones  of  honey-yellow,  yellow-brown, 
red,  Jte. ;  it  is,  moreover,  susceptible  of  taking  a  marble  polish. 

The  fineness  of  the  grain  of  alabaster,  the  uniformity  of  its  texture,  the  beauty  of  its 
polished  surface,  and  its  semi-transparency,  are  the  qualities  which  render  it  valuable  to 
the.sealptor  and  to  the  manufacturer  of  ornamental  toys. 

The  limestone  alabaster  is  frequently  found  as  a  yellowish- white  deposite  in  certain 
fiMBtains.  The  most  celebrated  spring  of  this  kind  is  that  of  the  baths  of  San  Filippo, 
ia  Tuscany.  The  water,  almost  boiling  hot,  runs  over  an  enormous  mass  of  stalactites, 
which  it  has  formed,  and  holds  the  carbonate  of  lime  in  solution  by  means  of  sulphuret- 
ed  hjrdn^n  (according  to  M.  Alexandre  Brongniard),  which  escapes  by  contact  of  the 
atmosphere.  Advantage  has  been  taken  of  this  property  to  make  basso  relievos  of  con- 
siderable hardness,  by  placing  moulds  of  sulptmr  very  obliquely,  or  almost  upright,  in 
wooden  tube  open  at  the  bottom.  These  tubs  are  surmounted  at  the  top  with  a  large 
woodeA  cross.  The  water  of  the  spring,  after  having  deposited  in  an  external  conduit 
or  cistern  the  coarser  sediment,  is  mode  to  flow  upon  this  wooden  cross,  where  it  is 
scattered  into  little  streamlets,  and  thence  lets  fall,  upon  the  sulphur  casts,  u  precipitate 
so  mneh  the  finer  the  more  nearly  vertical  the  mould.  From  one  to  four  months  are  re- 
quired for  this  operation,  according  to  the  thickness  of  the  deposited  crust.  By  analo- 
gous processes,  the  artists  have  succeeded  in  moulding  vases,  Hgures  uf  animals,  and 
other  objects,  in  relief,  of  every  different  form,  which  require  only  to  be  trimmed  a  little, 
and  afterwards  polished. 

The  common  alabaster  is  composed  of  sulphuric  acid  and  lime,  though  some  kinds  of 
it  efiervesce  wiih  acids,  and  therefore  contain  some  carbonate  of  lime.  This  alabaster 
uceurs  in  many  difierent  colors,  and  of  very  different  degrees  of  hardness,  but  it  is  always 
softer  than  marble.  It  forms,  usu&lly,  the  lowest  beds  of  the  gypsum  qunrries.  The 
sculptors  prefer  the  hardest,  the  whitest,  and  those  of  a  granular  texture,  like  Carrara 
marble,  and  so  like  that  they  can  only  be  distinguished  by  the  hardness. 

The  alabaster  is  worked  with  the  same  tools  as  marble ;  and  as  it  is  many  degrees 
softer,  it  is  so  much  the  more  easily  cat ;  but  it  is  more  difficult  to  polish,  from  its  little 
solidity.  After  it  has  been  fashioned  into  the  desired  form,  and  smoothed  down  with 
pomice  stone,  it  is  polished  with  a  pap-like  mixture  of  chalk,  soap,  and  milk  ;  and,  lost 
of  all,  finished  by  friction  with  flannel.    It  is  apt  to  acquire  a  yellowish  tinge. 

Besides  the  harder  kinds,  employed  for  the  sculpture  of  large  figures,  there  is  a  softer 
alabaster,  pure  white  and  semi-transparent,  from  which  small  ornamental  objects  are 
Bade,  such  as  boxes,  vases,  lamps,  stands  of  time-pieces,  &c.  This  branch  of  business 
is  much  prosecuted  in  Florence,  Leghorn,  Milan,  &c.,  and  employs  a  great  many  turning 
lathes.  Of  all  the  alabasters,  the  Florentine  merits  the  preference,  on  account  of  its  beauty 
and  uniformity,  so  that  it  may  be  fashioned  into  flgures  of  considerable  size :  for  which 
porpose  there  are  large  work-shops  where  it  is  cut  with  steel  saws  into  blocks  and  mas- 
Ki  of  various  shapes.  Other  sorts  of  gypsum,  such  as  that  of  Salzburg  and  Austria, 
Qoatain  sand  veins,  and  hard  nodules,  and  require  to  be  quarried  by  cleaving  and  blasting 
sperations,  which  ai-e  apt  to  crack  it,  and  unfit  it  fur  all  delicate  objects  of  sculpture.  It 
it,  besides,  of  a  gray  shade,  and  often  stained  with  darker  colors. 

The  alabaster  best  adapted  for  the  fine  arts  is  pretty  white  when  newly  broken,  and 
beeomes  whiter  on  the  surface  by  drying.  It  may  be  easily  cut  with  the  knife  or  chisel, 
isd  formed  into  many  pleasing  shapes  by  suitable  steel  tools.  It  is  worked  either  by 
tke  hand  alone,  or  wiih  the  aid  of  a  turning  lathe.  The  turning  tools  should  not  be  too 
tbia  or  sharp-edged ;  but  such  as  are  employed  for  ivory  and  brass  are  most  suitable  for 
tbbasler,  and  are  chiefly  used  to  shave  and  to  scratch  the  surface.  The  objects  which 
cuaot  be  turned  may  be  fashioned  by  the  rasping  tools,  or  with  minute  files,  such  as 
virie?ated  foliage.  Fine  chisels  and  graving  tools  are  also  used  for  the  better  pieces  of 
ttUoary. 

For  polishing  such  works,  a  peculiar  process  is  required  :  pumice  stone,  in  fine 
povdfr,  serves  to  s  nooth  down  the  surfaces  very  well,  but  it  soils  the  whiteness  of  the 
ibbaster.  To  take  away  the  unevennesses  and  roughnesses  dried  shave^^rass  (equisetum) 
twvers  best.  Frictions  with  this  plant  and  water  polish  down  the  asperities  left  by 
tke  chisel :  the  fine  streaks  left  by  the  grass  may  be  removed  by  rubbing  the  pieces  with 
tWked  lime,  finely  pulverized  and'  sifted,  made  into  a  paste,  or  putty,  w  ith  water.  T^t, 
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polish  and  satin-lustre  of  the  sarikce  are  commanicated  hj  friction,  first  with  soap-wmtec=a 
and  lime,  and  finally  with  powdered  and  elutriated  talc  or  French  chalk. 

Sach  articles  as  consist  of  several  pieces  are  joined  by  a  cement  composed  of  qnidtlim^s 
and  white  of  egg,  or  of  well-caldaed  and  well-siAed  Paris  plaster,  mixed  with  the  leaslH 
possible  quantity  of  water. 

Alabaster  objects  are  liable  to  become  yellow  by  keeping,  and  are  especially  injare^H 
by  smoke,  dust,  They  may  be  in  some  measure  restored  by  washing  with  soap  andHT 
water,  then  with  clear  water,  and  again  polished  with  shave-grass.  Grease  spots  mar^ 
be  removed  either  by  rubbing  with  talc  powder,  or  with  oil  of  turpentine. 

The  surface  of  alabaster  may  be  etch«i  by  covering  over  the  parts  that  are  not  to  be* 
touched  with  a  solution  of  wax  in  oil  of  turpentine,  thickened  with  white  lead,  audi, 
immersing  the  articles  in  pure  water  aAer  the  varnish  has  seL   The  action  of  the  watexr 
is  continued  from  20  to  50  hours,  more  or  less,  according  to  the  depth  to  which  thv 
etching  is  to  be  cut.   AAer  removing  the  varnish  with  oil  of  turpentine,  the  etched 
places,  which  are  necessarily  deprived  of  their  polish,  should  be  nibbed  with  a  brosla 
dipped  in  finely-powdered  gypsum,  which  gives  a  kind  of  opacity,  contrasting  well  witk 
the  rest  of  the  surface. 

Alabaster  may  be  stained  either  with  metallic  solutions,  with  spirituous  tinctures  of 
dyeing  plants,  or  with  colored  oils,  in  the  same  way  as  marbles. 

This  substance  has  been  hardened,  it  is  said,  by  exposing  it  to  the  heat  of  a  bakeHs 
oven  for  10  or  20  hours,  after  taking  it  out  of  the  quarry,  and  giving  it  the  figure,  rough- 
ly, which  it  is  intended  to  have.  AAer  this  exposure,  it  must  be  dipped  for  two  minutes 
in  running  water ;  when  it  is  cold,  it  must  be  dipped  a  second  time  for  the  same  period. 
On  being  exposed  to  the  air  for  a  few  days,  alabaster  so  treated  acquires  a  marble-like 
hardness.   I  doubt  the  truth  of  this  statement. 

ALBUM  6IL£CUM.   The  white  dung  of  dogs,  sometimes  used  to  soAen  leather  in 
the  process  of  dressing  it  aAer  the  depilatory  action  of  lime. 

ALCARAZZAS.   A  species  of  porous  eajthenware,  made  in  Spain,  fur  cooling  liquors. 
See  Pottery. 

ALCOHOL.  The  well-known  intoxicating  liquor  procured  by  distillation  from 
various  vegetable  juices,  and  infusions  of  a  saccharine  nature,  which  have  undergone  the 
vinous  fermentation.  Common  alcohol,  or  proof  spirit,  as  it  is  called,  contains  about 
one  half  its  Weight  of  water.  It  may  be  concentrated  till  its  specific  gravity  becomes  so 
low  as  0*825,  by  simple  redistillation  at  a  steam  or  Water-bath  heat ;  but  to  make  it 
stronger,  we  must  mix  with  it,  in  the  still  or  retort,  dry  carbonate  of  potash,  muriate  of 
lime,  or  some  other  substances  strongly  attractive  of  water,  and  then  it  may  be  obtained 
of  a  specific  gravity  so  low  as  0-791  at  16°  Reaumur  Fahr.),  water  being  1-000. 
At  0*825,  it  contains,  still,  11  per  cent,  of  water;  and  in  this  state  it  is  as  volatile  as 
absolute  alcohol,  on  account  of  the  inferior  density  of  the*  aqueous  vapor,  compared  to 
the  alcoholic.  Indeed,  according  to  Yelin  and  Fuchs,  the  boiling  point  of  anhydrous 
alcohol  is  higher  than  of  that  which  contains  2  or  3  per  cent,  of  water;  hence,  in  the 
distillation  of  alcohol  of  94  per  cent.,  the  first  portions  that  come  over  are  more  aqueous 
than  the  following.  Absolute  alcohol  has  its  boiling  point  at  168}°  Fahr. ;  but  when 
it  holds  more  than  6  per  cent,  of  water,  the  first  portions  that  come  over  are  richest  in 
alcohol,  and  the  temperature  of  the  boiling  point,  or  of  the  spirituous  vapor,  is  always 
higher  the  longer  the  distillation  continues.  According  to  Gruning's  researches,  the 
foUowing  temperatures  of  the  alcoholic  vapors  correspond  to  the  accompanying  contents 
of  alcohol  in  per  centage  of  volume,  which  are  disengaged  in  the  boiling  of  the  spirituous 
liquid. 
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Qrtaiig  ndotook  Ibis  inTetUgttion  in  order  to  employ  the  theraometer  as  an  aleo- 
MMIer  in  the  dtstilfaition  of  spirHs ;  for  which  purpose  he  thmst  the  bolb  of  the  ther- 
■Mler  through  a  coric,  inserted  into  a  tube  fixed  in  the  capital  of  the  still.  The  state  of 
tktkmiieter  oacfat  also  to  be  considered  in  making  comparative  experimcnu  of  this 
kiid.  Siaee,  by  this  method,  the  alcoholic  content  may  be  compared  with  the  tempera- 
ivc  of  the  vapor  that  passes  over  at  any  time,  so,  also,  the  contents  of  the  whole  distil- 
hiios  nay  be  found  approximately ;  and  the  method  serves  as  a  convenient  means  of 
■kilt  eontinBal  observations  on  the  progress  of  the  distiUation. 

Tke  leaperalure,  correspoMling  to  a  certain  per  centage  of  alcohol  in  vapor,  snggests 
tkrcBiploymeBt  of  a  convenient  method  for  obtaining,  at  one  process,  a  spirit  as  free  from 
nicr  as  it  can  be  made  by  mere  distillation.  We  place  over  the  top  of  the  capital  a 
mer  bath,  and  lead  up  through  it  a  spiral  pipe  from  the  still,  which  there  passes  oblique- 
ly Aswiwards,  and  proceeds  to  the  refrigeratory.  If  this  bath  be  maintained,  by  a  constant 
iiiu  of  eold  water,  at  a  certain  temperature,  only  the  alcoholic  vapor  corresponding  to 
An  mperatnre  will  pass  over,  and  the  rest  will  be  recondensed  and  returned  into  the 
«flL  If  we  keep  the  temperature  of  the  water  at  174®,  for  example,  the  spirituous  va- 
por which  passes  over  will  contain  90  per  cent,  of  absolute  alcohol,  according  to  the 
pnccdiag  table.  The  skilful  use  of  this  principle  constitutes  the  main  improvement  in 
mdm  distilleries.   See  Distillation  and  Still. 

Aaother  method  for  concentrating  alcohol  is  that  discovered  by  Summering,  founded 
ipn  the  property  of  ox  bladders  to  allow  water  to  pass  through  and  evaporate  out  of 
diiB,  bat  aot  to  permit  alcohol  to  transpire,  or  only  in  a  slight  degree.  Hence,  if  an 
«i%  bladder  is  filled  with  spirit  of  wine,  well  tied  at  the  mouth,  and  suspended  in  a  wann 
rbee,  the  water  will  continually  exhale,  and  the  alcohol  will  become  nearly  anhydrous ; 
kt  ia  this  way  alcohol  of  97  or  98  per  cent,  may  be  obtained. 

Aeeordiog  to  Sommerin?,  we  should  take  for  this  purpose  the  bladder  of  an  ox  or  a  calf, 
Msk  it  for  some  time  in  water,  then  inflate  it  and  free  it  from  the  fat  and  the  attached 
mmk;  which  is  to  be  also  done  to  the  other  surface,  by  turning  it  inside  out.  After  it 
iiigain  iaflaledand  dried,  we  must  smear  over  the  outer  side  twice,  and  the  inner  side  four 
tiass,  with  a  solution  of  isinglass,  by  which  its  texture  is  made  closer,  and  the  coneen- 
tntiam  of  the  aleobol  goes  on  better.  A  bladder  so  prepared  may  serve  more  than  a 
kiadrcd  timet.  It  must  be  charged  with  the  spirits  to  be  concentrated,  leaving  a  small  space 
VKUt;  it  is  then  to  be  tightly  bound  at  the  mouth,  and  suspended  in  a  warm  situation, 
at  a  temperature  of  12SP  Fahr ,  over  a  sand-bath,  or  in  the  neighborhood  of  an  oven. 
IV  swiaee  of  the  bladder  remains  moist  with  the  water,  as  long  as  the  sp.  gr.  of  the 
WHaiatd  spirit  is  greater  than  0*952.   Weak  spirit  loses  its  water  quicker  than  strong; 

ia  •frooi  6  to  12  hours  the  alcohol  may  be  concentrated,  when  a  suitable  heat  is  em- 
ployed. This  economical  method  is  particularly  applicable  in  obtaining  alcohol  for  the 
iKparBtBoo  of  varnishes.  When  the  alcohol  is  to  serve  for  other  purposes,  it  must  be 
freed,  by  distillation,  from  certain  matters  dissolved  out  of  the  bladder.  Alcohol  may 
Iftewiw  be  strengthened,  as  Sommering  has  ascertained,  when  the  vessel  that  contains 
the  spirit  is  bound  over  with  a  bladder  which  does  not  come  into  contact  with  the  liquid. 
Thasy  too,  all  other  liquors  containing  alcohol  and  water,  as  wine,  cider,  &,c.,  may  be 
■ade  more  spirituous. 

To  procure  absolute  alcohol,  we  must  take  chloride  of  calcium  recently  fused,  reduce 
k  to  coarse  powder,  and  mix  it  with  its  own  weight  of  spirit  of  wine,  of  sp.  gr.  0*833, 
b  a  hoiiJe,  which  is  to  be  well  stoppered,  and  to  be  agitated  till  the  salt  is  dissolved. 
The  clear  solniioa  is  to  be  poured  into  a  retort,  and  half  of  the  volume  of  the  alcohol 
employed,  or  so  mnch  as  has  the  sp.  Kr.  0*791  at  69*  Fahr.,  is  to  be  distilled  ofi*  at  a 
fc^le  heat.  Quicklime  has  also  been  employed  for  the  same  purpose,  but  it  is  less 
pofwcffal  and  convenient.  Alcohol,  nearly  free  from  water,  may  be  obtained  without 
disltllatioa,  by  adding  dry  carbonate  of  potash  to  a  spirit  of  wine,  of  sp.  gr.  0*825.  The 
water  combiner  with  the  potash,  and  falls  to  the  bottom  in  a  dense  liquid,  while  the  pure 
spirit  floaU  oa  the  surface.  This  contains,  however,  a  little  alkali,  which  can  only  be 
aepaialed  by  distillation. 

Aahydroas  alcohol  is  composed  by  weight  of  52*66  carbon,  12*90  hydroecn.  and  34*44 
sf  oxyfen.  It  has  a  very  powerfbl  attraction  for  water,  and  absorbs  it  from  the  aimos- 
phcre;  therefore  it  must  be  kept  in  well-closed  vessels.  It  also  robs  vci^elnble  and  ani- 
■al  bodies  of  their  moisture;  and  hence  common  alcohol  is  employed  for  preserving  ana- 
loniesl  preparations.  Alcohol  is  a  solvent  for  many  substances :  resins,  essential  oils, 
ouaphor,  are  abundantly  dissolved  by  it,  forming  varnishes,  perfumed  spirits,  8lc,  The 
lahuioB  of  a  resin  or  essential  oil  in  alcohol  becomes  milky  on  the  addition  of  water, 
vkieh,  by  its  attraction  for  ahwhol,  separates  these  substances.  Several  salts,  especially 
the  driiqueaeent,  are  dissolved  by  it,  and  some  of  them  give  a  cok>r  to  iu  flame ;  thus, 
Ihc  whAww  of  the  salts  of  strontia  in  alcohol  bum  with  a  crimson  flame,  those  of  eop- 
!■  imI  boimi  greca.  Kme  reddish,  and  baryta  yellow. 
Wh«  water  it  mUad  with  aleoholy  heat  and  a  coodensatkm  of  volame  are  the  imlli 
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these  electa  being  greatest  with  54  per  cent,  of  alcohol  and  46  of  water,  and  thence  i 
creasing  with  a  greater  proportion  of  water.  For  alcohol  which  contains  90  per  ee 
of  water,  this  condensation  amounts  to  1*94  per  cent,  of  the  volume »  for  80  per  cei 
2*87 ;  for  70  per  cent,  3-44 ;  for  60  per  cent.,  3-73  ;  for  40  per  cent.,  3-44 ;  for  30  ] 
cent,  2-72 ;  for  20  per  cent.,  1-72 ;  for  10  per  cent.,  0-72.  Hence,  to  estimate  i 
quantity  of  alcohol  m  any  spirit  it  is  necessary  that  the  specific  gravity  be  ascertaii 
for  each  determinate  proportion  of  alcohol  and  water  that  are  mixed  together.  Wt 
this  is  done,  we  may,  by  means  of  an  areometer  constructed  for  liquids  lighter  tl 
water,  determine  the  strength  of  the  spirit,  either  by  a  scale  of  specific  gravities  or  by 
arbitrary  graduation  corresponding  to  certain  commercial  objects  and  thus  we  may  • 
termine  the  per  centime  of  alcohol  in  whiskey  or  brandy  of  any  strength  or  purity, 
areometer  intended  for  this  use  has  been  called  an  alcoholmeter,  in  particular  when 
scale  of  it  b  so  graduated  that,  instead  of  the  specific  gravity,  it  indicates  immediat 
the  per  centage  of  anhydrous  alcohol  in  a  given  weight  or  volume  of  the  liquid.  1 
scale  graduate  according  to  the  per  centage  of  pure  alcohol  by  weight,  constitutes  ' 
alcoholmeter  of  Richter ;  and  that  by  the  per  centage  in  volume,  the  alcoholmeter 
Tralles  and  Gay  Lussac. 

As  liquors  are  sold  in  general  by  the  measure,  not  by  the  weight,  it  is  coavenic 
therefore,  to  know  the  alcoholic  content  of  the  mixtures  in  the  per  ceatage  by  volui 
Tralles  has  constructed  new  tables  upon  the  principles  of  i  hose  of  Gilpin,  in  whieh  i 
proportion  is  given  by  volume,  and  anhydrous  alcohol  is  assumed  for  the  basis;  whi 
at  60^  Fahr.,  has  a  specific  gravity  of  0*7939  compared  with  water  at  its  maxim 
density,  or  a  specific  gravity  of  0*7^46  compared  with  water  of  the  temperature  of  i 
Fahr.   Gilpin's  alcohol  of  0*825  contains 92*6  percent,  by  volume  of  anhydrous  alcol 

The  following  table  exhibits  the  per  centage  of  anhydrous  alcohol  by  volume,  a 
temperature  of  60°  Fahr.,  in  correspondence  with  the  specific  gravities  of  the  spir 
water  being  considered  at  60^  Fahr.  to  have  a  specific  gravity  of  0-9991. 
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Alcdhol  in  100 
neMQret  of 
wpinu 

specific  gnivitj 
at  W>  Fahr. 

Differaaca  of 
tba  ap.  gr. 

Alcctliol  in  100 
maaaarea  of 
apirit. 

S  peri  fir.  frrnvity 
Ml  SOO  Fahr. 

DiffVranM 
lha  ap.  fr. 

0 

9991 

51 

9315 

20 

1 

9976 

15 

52 

9295 

20 

2 

9961 

15 

53 

9275 

20 

3 

9947 

14 

54 

9254 

21 

4 

9933 

14 

55 

9234 

20 

5 

9919 

14 

56 

9213 

21 

6 

9906 

13 

57 

9192 

21 

7 

9893 

13 

58 

9170 

22 

8 

9881 

12 

59 

9148 

22 

9 

9869 

12 

60 

912*? 

22 

10 

9857 

12 

61 

9104 

22 

11 

9845 

12 

62 

9082 

22 

12 

9834 

11 

63 

9059 

23 

13 

9823 

11 

64 

9036 

23 

14 

9812 

11 

65 

9013 

23 

15 

9802 

10 

66 

8989 

24 

16 

9791 

11 

67 

8965 

24 

17 

9781 

10 

68 

8941 

24 

18 

9771 

10 

69 

8917 

24 

19 

9761 

10 

70 

8892 

25 

20 

9751 

10 

71 

8867 

25 

21 

9741 

10 

72 

8842 

25 

22 

9781 

10 

73 

8817 

25 

23 

9720 

11 

74 

8791 

26 

24 

9710 

10 

75 

8765 

26 

25 

9700 

10 

76 

8739 

26 

26 

9689 

11 

77 

8712 

27 

27 

9679 

10 

78 

8685 

27 

28 

9668 

11 

79 

8658 

27 

29 

9657 

11 

80 

8631 

27 

30 

9646 

11 

81 

8603 

28 

31 

9634 

12 

82 

8575 

28 

32 

9622 

12 

83 

8547 

28 

33 

9609 

13 

84 

8518 

29 
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AluM  m  IM 

¥^  . 

SpftCiAc  cravilT 
u  oir^  Jruir« 

DiffarencA  of 
tha  sp.  '^r. 

Alcohol  io  100 
m««surM  of 
spirit. 

8p«ciAc  gravity 

m»  MAO  p.u. 

Differeoea  of 
the  sp.  gr. 

34 

9596 

13 

85 

-  —  

8488 

30 

9583 

13 

ftp 

8458 

oU 

36 

9570 

13 

87 

S428 

30 

37 

9556 

14 

88 

8397 

31 

38 

9541 

15 

89 

8365 

32 

39 

9526 

15 

90 

8332 

33 

40 

9510 

16 

91 

8299 

33 

41 

9494 

16 

92 

8265 

34 

4S 

9478 

16 

93 

8230 

35 

43 

9461 

17 

94 

8194 

36 

44 

9444 

17 

95 

8157 

37 

45 

9427 

17 

96 

8118 

39 

46 

9409 

18 

97 

8077 

41 

47 

9391 

18 

98 

8034 

43 

48 

9373 

18 

99 

7088 

46 

49 

9354 

19 

100 

7939 

49 

M 

9335 

19 

Remarks  on  the  preceding  Table  of  Mcohol. 

The  third  coInmD  of  this  table  exhibits  the  differences  of  the  specific  gravities,  which 
five  the  denominator  of  the  fraction  for  such  densities  as  are  not  found  sufficiently  near 
is  the  table ;  and  the  difference  of  their  numerators  ui  the  next  greatest  to  the  density 
fiwBd  m  the  table.  For  example :  if  the  specific  gravity  of  the  liquor  found  for 
6(f  Fthr.  =  9605- (the  per  centage  will  be  between  33  and  34',  the  difference  from 
^  (which  is  the  next  greatest  number  in  the  table)  4,  and  the  fraction  is  ^  • 
t^ociaK  the  true  per  centage  18  33^^^.  From  the  construction  of  this  table  the  per 
ttitsge  of  alcohol  by  weight  may  also  be  found.  For  instance  :  we  multiply  the  number 
rvprcRnting  the  tolunves  of  alcohol  (given  in  the  table  for  any  determinate  specific 
9inty  of  the  mixture)  by  the  specific  gravity  of  the  pure  alcohol,  that  is,  by  7939, 
atd  thie  product  is  the  number  of  pounds  of  alcohol  in  so  many  pounds  as  the  specific 
fwvity  multiplied  by  100  gives.  Thus,  in  the  mixture  of  9510  specific  gravity,  there  are 
<0  neasures  of  alcohol;  hence  there  are  also  in  95,100  pounds  of  this  spirit 
7939+40  =  3 1-756  pounds  of  alcohol;  and  in  lO'J  pbunds  of  the  spirits  of  0*9510 
ipeeific  gravity,  33-39  pounds  of  alcohol  are  contamed. 

Ai  the  preceding  table  gives  the  true  alcoholic  oontent  when  the  portion  of  spirit  under 
triil  has  the  normal  temperature- of  60°  Fahr.,  the  following  table  gives  the  per  centage  ^ 
alcohol  for  the  specific  gravities  corresponding  to  the  accompanying  temperatures. 

For  example :  if  we  have  a  spirituous  liquor  at  80°  Fahr.,  whose  specific  gravity  is 
<>^2,  the  alcohol  present  Is  45  per  cent,  of  the  volume,  or  that  specific  gravity  at  that 
temperature  is  equal  to  the  specific  gravity  0*9427  at  the  normal  temperature  of 
W  Fahr.   This  table  may  also  be  employed  for  every  degree  of  the  thermometer  and 
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erery  per  centage,  no  as  to  wve  compotatioa  for  tlie  intenrals.  It  is  endent  finom 
spection  that  a  difference  of  5^  Fahr.  in  the  temperatore  changes  the  specific  grayity  of 
the  liquor  by  a  difference  nearly  eqoal  to  1  volQxne  per  cent,  of  alcohol ;  thns  at  39* 
and  85®  Fahr.  the  very  same  specific  gravity  of  the  liquor  shows  nearly  10  volumes  per 
cent,  of  alcohol  more  or  less ;  the  same,  for  example,  at  60  and  40  per  cent.' 

The  importance  of  extreme  accuracy  in  determining  the  density  of  alcoholic  mixtures 
in  the  United  Kingdom,  on  account  of  the  great  revenue  derived  from  them  to  the  State, 
and  their  consequent  high  price  in  commerce,  induced  the  Lords  of  the  Treasury  a  few 
years  ago  to  request  the  Royal  Society  to  examine  the  construction  and  mode  of  applying 
the  instrument  now  in  use  for  ascertaining  and  charging  the  duty  on  spirits.  This  instru- 
ment, which  is  known  and  described  in  the  law  as  Sikes*s  hydrometer,  possesses,  in  many 
respects,  decided  advantages  over  those  formerly  in  use.  The  committee  of  the  RoyJ 
Society  state,  that  a  definite  mixture  of  alcohol  and  water  is  as  invariable  in  its  value  as 
absolute  alcohol  can  be ;  and  can  be  more  readily,  and  with  equal  accuracy,  identified 
by  that  only  quality  or  condition  to  which  recourse  can  be  had  in  practice,  namely, 
specific  gravity.  Tlie  committee  further  proposed,  that  the  standard  spirit  be  that  which, 
oonsisting  of  alcohol  and  water  alone,  shall  have  a  specific  gravity  of  0*92  at  the 
temperature  of  62^  Fahr.,  water  being  unity  at  the  same  temperature ;  or,  in  other 
words,  that  it  shall  at  62°  weigh  JJ^  or  Zi  of  an  equal  bulk  of  water  at  the  same 
temperature. 

Tliis  standard  is  rathef  weaker  than  the  old  proof,  which  was  ff >  or  0*923 ;  or  in  tke 
proportion  of  nearly  1*1  gidlon  of  the  present  proof  spirit  per  cent.  The  proposed 
standard  will  contain  nearly  one  half  by  weight  of  absolute  alcohol.  The  hydrometer 
ought  to  be  so  graduated  as  to  give  the  indication  of  strength ;  not  upon  an  arbitrary 
Male,  but  in  terms  of  specific  gravity  at  the  temperature  of  62°. 

The  committee  recommend  the  construction  of  an  equation  table,  which  shall  indicate 
the  same  strength  of  spirit  at  every  temperature.  Thus  in  standard  spirit  at  62P  the 
hydrometer  would  indicate  920,  which  in  this  table  would  give  proof  spirit  If  that 
same  spirit  were  cooled  to  40**,  the  hydrometer  would  indicate  some  higher  number;  bat 
which,  being  combined  in  the  table  with  the  temperature  as  indicated  by  the  thennometer, 
should  still  give  proof  or  standard  spirit  as  the  result. 

It  is  considered  advisable,  in  this  and  the  other  tables,  not  to  express  the  quality  of  the 
spirit  by  any  number  over  or  under  proqf,  but  to  indicate  at  once  the  number  of  gallons  of 
standard  spirit  contained  in,  or  equivalent  to,  100  gallons  of  the  spirit  under  examination. 
Thus,  instead  of  saying  23  over  proof,  it  is  prop^«d  to  insert  123 ;  and  in  place  of  35*4 
under  proof,  to  insert  its  difference  to  100,  or  64*6. 

It  has  been  considered  expedient  to  reconmiend  a  second  table  to  be  constructed,  io 
as  to  show  the  bulk  of  spirit  of  any  stren^  at  any  temperature,  relative  to  a  standard 
bulk  of  100  gallons  at  62P.  In*  this  table  a  spirit  which  had  diminished  in  volume,  at 
any  given  temperature,  0*7  per  cent.,  for  example,  would  be  expressed  by  99*3 ;  and  a 
spirit  which  had  increased  at  any  given  temperature  0*7  per  cent.,  by  100*7. 

When  a  sample  of  spirit,  therefore,  has  been  examined  by  the  hydrometer  mad 
thermometer,  these  tables  wUl  give  first  the  proportion  of  standard  spirit  at  the  observed 
temperature,  and  next  the  change  of  bulk  of  such  spirit  from  what  it  would  be  at  the 
standard  temperature.  Thus,  at  the  temperature  of  51°,  and  with  an  indicatioB 
(sp.  gr.)  of  8240,  100  gallons  of  the  spirit  under  examination  woukl  be  shown  by  the 
first  table  to  be  equal  to  164*8  gallons  of  standard  spirit  of  that  temperature ;  and  1^  the 
second  table  it  would  appear  that  99*3  gallons  of  the  same  spirit  would  become  100  at 
62P,  or  in  reality  contain  the  164*8  gallons  of  spirit  in  that  state  only  in  which  it  is  to 
be  taxed. 

But  as  it  is  considered  that  neither  of  these  tables  can  alone  be  used  for  charging  the 
duty  (for  neither  can  express  the  actual  quantity  of  spirit  of  a  specific  gravity  of  0*9^  at 
62°  in  100  gallons  of  stronger  or  weaker  spirit  at  temperatures  above  or  below  62°),  it  is 
considered  essential  to  have  a  third  table,  combining  the  two  former,  and  expressing  Uiis 
relation  directly,  so  that  upon  mere  inspection  it  shall  indicate  the  proportion  of  standard 
spirit  in  100  gallons  of  that  under  examination  in  its  then  present  state.  In  this  table 
the  quantities  should  be  set  down  in  the  actual  number  of  gallons  of  standard  spirit  at 
62P,  equivalent  to  100  of  the  spirit  under  examination ;  and  the  column  of  quantities 
may  be  expressed  by  the  term  value,  as  it  in  reality  expresses  the  proportion  of  the  onfy 
valuable  substance  present.  As  this  will  be  the  only  table  absolutely  necessary  to  be 
used  with  the  instrument  for  the  purposes  of  the  excise,  it  may,  perhaps,  be  Uiought 
unnecessary  to  print  the  former  two. 
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The  fbDowing  tpedmen  table  has  been  given  hf  the  eonunittee : — 


Trapnatnr*  iSP. 

Tamperatora  75*. 

Indioukm.* 

8tr«ncth. 

ValM. 

Indicatioa. 

StrenfUi. 

9074 

114-6 

8941 

114-6 

7 

114-3 

4 

114  -3 

9 

114*2 

5 

114  2 

81 

114-0 

8 

114-0 

3 

113-9 

9 

113-9 

5 

113-7 

62 

113-7 

6 

'  113  6 

3 

113-6 

9 

113-4 

6 

113-4 

90 

113  -3 

7 

113-3 

3 

113*1 

9 

113  •! 

The  miztnre  of  akohol  and  water^  taken  as  spirit  in  Mr.  Gflpin's  tables,  is  that  of 
which  the  specific  grayity  is  0*826  at  60°  Fahr.,  water  being  unity  at  the  same  temper- 
ature. The  specific  gravity  of  water  at  60°  being  1000,  at  62°  it  is  99,981.  Hence^  in 
order  to  compare  the  specific  gravities  given  by  Mr.  GDpin  with  those  which  wonld  re- 
sult when  the  specific  gravity  of  water  at  62P  is  taken  at  unity,  all  the  fonner  numbers 
\  be  divided  by  99,981. 


Table  of  the  Specific  Gravities  of  different  Mixtures,  by  Weight,  of  Alcohol  and  Water, 
at  diflferent  Temperatures ;  constructed  by  Mr.  GOpin,  for  the  use  of  the  British  Revi^ 
nue  on  Spirits. 


100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Pora 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

5 

10 

15 

SO 

25 

30 

35 

40 

45 

50 

^ 

Wator. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

^- 

O-8S800 

0^84095 

0-85957 

0-86825 

0^87585 

0-88883 

088921 

0'895I1 

0^90054 

0^90558 

0-910SS 

35 

•83672 

•84709 

•85729 

•86567 

•87357 

•88059 

-88701 

•89294 

•89839 

•90345 

•90811 

40 

•83445 

•84539 

•85507 

•86361 

•87184 

•87838 

•88481 

•89073 

•89617 

•90127 

•90596 

45 

•83314 

•84310 

'852n 

•86131 

•86905 

•87613 

•88855 

•88849 

•89396 

•89909 

•90380 

50 

•8WT7 

•84070 

•85042 

•85902 

•86676 

•87384 

•88030 

•88036 

'89174 

•89684 

•90160 

55 

'82736 

•83834 

•84802 

•85664 

'86441 

•87150 

•87796 

•88393 

•88945 

•89458 

•89932 

00 

•82500 

•83509 

•84568 

•85430 

•86308 

•86918 

•87569 

•88169 

•88730 

•89333 

•89707 

05 

'82902 

•83302 

•84334 

•85193 

'85976 

•86686 

•87337 

•87938 

■88490 

•89006 

•89479 

70 

•82023 

•83134 

•84003 

•84951 

'85736 

•86451 

•87105 

•87705 

'88354 

•88773 

•89252 

75 

•81780 

•82878 

•83851 

'84710 

•85496 

•86212 

'86864 

•87466 

•88018 

•88538 

•89018 

80 

•81530 

•82631 

•83603 

•84467 

•85348 

•85966 

'86633 

•87388 

•87776 

•88301 

88781 

85 

'81291 

•82396 

•83371 

•84943 

•85036 

•85757 

•86411 

•87031 

•87590 

•88130 

•86609 

90 

•81044 

•82150 

•83136 

•84001 

•84797 

•85518 

•86173 

•86787 

87360 

87889 

•88376 

05 

•80794 

'81900 

•82877 

•83753 

•84550 

•85273 

•85938 

•86543 

•87114 

•87654 

•88140 

100 

•80548 

•81657 

-83639 

•83513 

•84038 

'85031 

•85688 

•86303 

•86879 

•87431 

•87915 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Tmip 

•nton. 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Ale^ihul 

Alcohol 

Fftlir. 

55 

00 

65 

70 

75 

80 

85 

90 

95 

100 

Wator. 

Water. 

Wator. 

Water. 

Water. 

Water. 

Water. 

Water. 

Waifcr. 

Water. 

I 

ssr- 

0^91449 

0-91847 

0-92217 

0Ha563 

0-93889 

0-93191 

0^93474 

0*03741 

0-93991 

0^222 

15 

■91241 

•91640 

•92009 

•93355 

•93680 

•93986 

•93374 

•93541 

•93790 

•94025 

40 

-91036 

•91438 

•91799 

•99151 

•93476 

•93783 

•93073 

•93341 

•93592 

•938*7 

45 

•90812 

91311 

•91581 

•91937 

•93264 

•93570 

•99859 

93131 

•9338-2 

•93621 

SO 

-90596 

•90997 

•91370 

•91733 

•93051 

•93358 

•936*7 

•93919 

•93177 

•93419 

55 

•90367 

•90768 

•91144 

•91503 

•91837 

•92H5 

•93436 

•93707 

•92903 

•93908 

60 

•90144 

•90549 

90927 

'91387 

•91622 

•91933 

•93335 

•92499 

•93758 

•93002 

05 

'89930 

•90338 

'90707 

•91066 

•91400 

•91715 

•93010 

•93383 

•93546 

•93794 

70 

•80695 

•90104 

•90484 

•90847 

'91181 

•91493 

•91793 

•93060 

'92333 

•92580 

75 

•89464 

■89873 

•90252 

•90617 

•90952 

•91270 

•91569 

•91819 

•93111 

•92364 

80 

'89935 

•89639 

•90031 

'90185 

•90723 

•91046 

•91340 

•91633 

•91891 

'9914S 

8S 

•89043 

•89460 

•89843 

'90209 

•90558 

•00683 

•91186 

•91465 

•91739 

•91900 

00 

•88817 

'89230 

89617 

•89988 

•90342 

•90668 

•90967 

•91348 

'91511 

'91751 

05 

•88568 

'80003 

•89300 

•89768 

•90119 

•90443 

•90747 

•91029 

•91290 

•01511 

'  100 

•81571 

'88709 

•801S8 

•80530 

•80869 

'90215 

•90533 

•90605 

•91000 

•01210 

*By  specific  gravity. 
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Table  of  the  Specific  GniTitiet  of  diflferent  Mixtures,  dtc  (eoMmtdj. 


i 

0 

95 

90 

85 

80 

75 

70 

65 

60 

55 

1 
1 

50 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alrxihol 

Alcohol 

Alcohol 

Alcohd 

100 

100 

100 

100 

100 

100 

100 

100 

100  '. 

Wator. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water.  ] 

0-04447 

0'04675 

0*94990 

0*95173 

0*95681 

0*95944 

0*96909 

0*96470 

0^96719 

S5 

•04949 

•94484 

•94734 

•94988 

•95946 

■95509 

•95779 

•96048 

•96315 

•96579 

40 

'94058 

•94995 

•94547 

•94809 

•95000 

*95398 

•95609 

•95879 

•96150 

•90434 

45 

•93860 

•94096 

•94348 

•94605 

•94871 

-95143 

•95498 

•95703 

•95903 

*9oiio 

50 

•93658 

•93897 

•94149 

•94414 

•94683 

•04958 

•95943 

•95534 

•95831 

•9bf90 

55 

•9S45S 

•93696 

•93948 

•94913 

•94486 

'94767 

•95057 

•95357 

•959b0 

00 

•93947 

•90493 

•93749 

•94018 

•94996 

'91579 

'94876 

•951 8T 

•95493 

•95804 

05 

•93040 

•93185 

•93546 

•93899 

•94099 

'94388 

•94669 

•95000 

•95318 

•95635 

70 

:99898 
•99613 

•93076 

•93337 

•93616 

•93898 

'94193 

•94500 

•94813 

'95139 

•95409 

75 

•99805 

•93139 

•93413 

'93695 

•94301 

•9469S 

•94957 

'93989 

•95999 

80 

•99393 

•99640 

99917 

•93901 

•93488 

•93785 

•94109 

•94431 

•94708 

•95111 

45 

40 

35 

SO 

95 

90 

15 

10 

5 

TeniMrAtiire, 
Fabr. 

Aksohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alooh«a 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Water. 

Wtier. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

0-96967 

047900 

0*97418 

0^97635 

097860 

0-98106 

0-964 19 

0^9«04 

OmS4 

B5 

•96840 

•97086 

•97319 

•97556 

•97801 

•98076 

•98397 

98804 

•99344 

10 

•96706 

•90907 

•97990 

•97479 

•9n37 

•98033 

•98373 

•98795 

•99345 

45 

•96503 

•96840 

•97110 

•97384 

•97666 

•97980 

•96338 

•98774 

•99338 

50 

96490 

•96708 

•96995 

•97984 

•97589 

•97990 

•99993 

•98745 

-99310 

55 

•90979 

•96575 

•96877 

••7181 

•97500 

•97847 

•98939 

•96709 

•99984 

GO 

•96199 

•96437 

•96759 

•97074 

97410 

•97771 

•98176 

•99944 

•98654 

05 

•95969 

•96988 

•96690 

•96959 

•97309 

•97088 

•98106 

•96504 

•99194 

70 

•95809 

•96143 

•96484 

•96836 

•97903 

•97596 

•98098 

•96597 

•991341 

75 

•05638 

•95987 

•9C344 

•96708 

•97086 

•97495 

•97943 

•98454 

•99000' 

80 

•95467 

■958961  -96199 

•96566 

•96963 

•97385 

•97845 

•98367 

•98991] 

Experiments  were  made,  by  direction  of  the  committee,  to  verify  Gilpin's  tables, 
which  showed  that  the  error  introduced  in  ascertaining  the  strength  of  spirits  by  tables 
Ibonded  on  Gilpin's  numbers  must  be  quite  insensible  in  the  practice  of  the  rerenue. 
The  discrepancies  thus  detected,  on  a  mixture  of  a  given  strength,  did  not  amount  in  any 
one  instance  to  unity  in  the  fourth  place  of  decimals.  From  a  careful  inspection  of  such 
documents  the  committee  are  of  opinion,  that  Gilpin's  tables  possess  a  degree  of  aoenimcy 
fiff  surpassing  what  could  be  expected,  and  sufficiently  perfect  fur  all  practical  or  scien- 
tlfie  purposes. 

The  following  table  ii  given  by  Mr.  Lubbock,  for  converting  the  apparent  specific 
gimvity,  or  iiidiaUioug  into  true  specific  gravity. 


i 
1 

■ 

79" 

77*  f 

EsO" 

-at 

■0OU&3 

■0007S 

(MOOS 

■oosdt 

-00039; 

-om 

•oeott 

-OOOll 

-00O94 

00015 

■00O49 

■81 

•61 

■00079 

■OODM 

mm 

^NI039 

■0^19 

-oooii 

^00094 

00030 

ma 

<84 

(umA 

mm 

miM 

•mm 

00013 

Mit 

noooai 

■00010 

odoa 

■S5 

-rioim: 

^oOoS 

^ES 

■00019 

i30095 

■00037 

■00043 

eo 

-4){jris: 

|iirni-,'j! 

00097 

■00013 

■ma 

■00037 

00044 

-87 

mi\ 

00097 

■OOOll 

■000 19 

ooim 

00037 

D0O44 

-ee 

OOOll 

^10097 

■00013 

■00019 

oooao 

■00D3» 

00OI5 

'OOOOO 

-1)00^ 

mm 

'00013 

ouoia 

00090 

■00D3S 

00045 

'00091 

omt 

iSflOSO 

■00049 

mm  -0(1014 

-oooia 

mm 

90 

-91 

■aom 

mm 

'W»079 

-00O57 

-00043 

00098 

000  ]< 

■oooia 

■mm 

UOOlO 

-91 

99 

'00093 

■oooy? 

QOD43 

OOOIS'^H 

ooQia 

\im\-iv 

00047 

-91 

-00091 

oaow 

-0flO59 

-00044 

-00090 

^14 

-000t3 

OliHJlCI 

03 

,  -94 

■Oon95 

■00060 

■O0tl74 

■mioso 

00O44 

0009S 

f|0014 

■00O13 

'0Mia7 

uooto 

00048 

-91 

-ts 

00000' 

'<nm 

•0(Xii5 

■  I'lCKkn 

i:i(KM5 

-mm 

flOOH 

•ootni 

■D0O3S 

■0004] 

OOQie 

^ 

-96 

'OOOffT' 

^00091 

■0WIT*> 

mm 

■oonso 

00014 

•mm 

00098 

-00041 

■00049 

■00 

•9r 

-0(109# 

'illMHO 

•ooim 

00015 

■00014 

oooas 

■00049; 

■P00I9 

-97 

-18 

■00099 

■00077 

-flOOlO 

00030 

-00015 

OOOH 

00096 

•O0O49 

Q0050 

-98 

-OOJOO 

■oom 

■ooora 

00047 

-00031 

00015 

iraoi4 

nam 

-oooti 

■OOOAO 

■98 

•ODlQt 

•OQOoa 

•OD079 

H190Q 

mil 

•oooit 

^15 
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The  hydrometer  ooastmcted,  uHder  the  directkms  of  the  ComqDissioners  of  Exeisey  by 
^r.  Bate,  has  a  scale  of  4  inches  in  length  divided  into  100  parts, 
and  9  weights.  It  has  thus  a  range  of  900  divisions,  and  expresses  Fig.  5. 
specific  gravities  at  the  temperature  of  62°  Fabr.  In  order  to  render 
this  instrament  so  accurate  a  measurer  of  the  specific  gravity,  at  the 
standard  temperature,  as  to  involve  no  error  of  an  appreciable  amount, 
Mr.  Bate  has  constructed  the  weights  (which  in  this  instrument  are  im- 
mersed in  the  fluid  of  different  specific  gravities)  so  that  each  succes- 
sive weight  should  have  an  increase  of  bulk  over  the  preceding  weight 
eqoal  to  that  part  of  the  stem  occupied  by  the  scale,  and  an  increase 
of  weight  sufficient  to  take  the  whole  of  the  scale,  and  no  more,  down 
to  the  liquid.  This  Arrangement  requires  great  accuracy  of  workman- 
ship, and  enhances  the  price  of  the  instrument.  -But  it  allows  of  in- 
creased strength  in  the  ball,  where  it  is  very  much  required,  and  it 
gives,  npon  inspection  only,  the  indication  (apparent  specific  gravity) 
by  which  the  general  table  is  to  be  examined  and  the  result  ascertained.  , 
Fig.  5  represents  this  instrument  and  two  of  iu  nine  ballast  weights. 
It  comprehends  all  specific  gravities  between  820  and  1000.  It  indi- 
cates true  specific  gravity  with  almost  perfect  accuracy  at  the  temper- 
ature of  ^  Fahr. ;  but  it  does  not  exclude  other  instruments  from 
being  used  in  conjunction  with  tables.  The  latter  are,  in  fact,  inde-  ' 
pendent  of  the  instrument,  and  may  be  used  with  gravimeters,  or 
any  instrument  aflbrding  indications  by  specific  gravity  at  a  given 
temperature. 

The  comiiiercial  value  of  spirituous  liquors  being  much  lower  in 
France  than  in  England,  a  less  sensible  instrument  becomes  sufficient 
for  the  wants  of  that  country.   Baume's  and  Cartier's  hydrometers, 
with  short  arbitrary  scales,  are  very  much  employed,  but  they  have  been  lately  super- 
seded by  an  ingenious  and  ready  instrument  contrived  by  M.  Gay  Lussac,  and  caB^ 
by  him  an  alcoomitre.   He  takes  for  the  term  of  comparison  pure  alcohol  by  voluiae, 
9t  the  temperature  of  15®  Cent.,  and  represents  the  strength  of  it  by  100  eentirmSf 
or  by  unity.    Consequently,  the  strength  of  a  spirituous  liqiud  is  the  number  of  cen- 
tunes  in  volume  of  pure  alcohol  which  that  liquid  contains  at  the  temperature  of  15^ 
Cent.   The  instrument  is  formed  like  a  common  hydrometer,  and  is  graduated  for  the 
temperature  of  15°  Cent.   Its  scale  is  divided  into  100  parts  or  degrees,  each  of  which 
deootes  a  centime  of  alcohol ;  the  division  0  at  the  bottom  of  the  stem  corresponds 
to  pure  water,  and  the  division  100  at  its  top,  to  pure  alcohol.    When  immersed  in  a 
spiritaous  liquor  at  15°  Cent.  (59®  Fahr.)  it  announces  its  strength  directly.  For 
example  :  if  in  spirits  supposed  at  the  temperature  of  15®  Cent,  it  sinks  to  the  division  50, 
it  indicates  that  the  strength  of  this  liquor  is  50  per  cent.,  or  that  it  contains  50  centimes 
of  pare  alcohol.    In  our  new  British  proof  spirit,  it  would  sink  to  nearly  57,  indicating 
^7  by  volume  of  pure  alcohol,  allowing  for  condensation,  or  50  by  weight.    A  table  of 
correction  is  given  for  temperature,  which  he  calls    Table  of  real  strength  of  spirituous 
iiqnors.''    The  first  vertical  column  of  this  table  contains  the  temperatures,  from  0^  to 
3(P  Cent.,  and  the  first  horizontal  line  the  indications  of  the  alcoomdtre.    In  the  same 
table  we  have  most  ingeniously  inserted  a  correction  for  the  volume  of  the  spirits  when 
the  temperahire  difiers  from  15®  Cent.   If  we  take  1000  litres  or  gallons,  measured  at 
the  temperature  of  2®,  of  a  spirituous  liquor  whose  apparent  strength  is  44c ;  its 
real  strength  at  15®  will  from  the  preceding  mode  of  correction  be  49c.    On  heating  this 
liquid  to  15®,  in  order  to  find  its  real  specific  gravity  or  strength,  its  bulk  will  become 
greater ;  and,  instead  of  1000  litres  or  gallons,  which  it  measured  at  2®,  we  shall  have 
1009  at  15®  C.    This  number  is  inscribed  in  smaller  characters  in  the  same  square  ceU 
With  the  real  force,  precisely  under  49c.   All  the  numbers  in  small  characters,  printed 
Under  each  real  Mtrength,  indicate  the  volume  which  1000  litres  of  a  spirituous  liquor 
Would  have,  when  measured  at  the  temperature  at  which  its  apparent  strength  is  taken. 
In  the  above  example,  the  quantity  in  litres  or  gallons  of  pure  alcohol  contained  in  KXK) 
litres  or  gallons  of  the  spirits,  measured  at  the  temperature  of  2®,  will  be,  therefore, — • 
1009  lit.  X  0-49  =  494  lit.  41. 

This  quantity  of  pure  alcohol,  thus  estimated,  is  called  richneu  of  spirit  in  alcohol^  or 
simply  richneu. 

Let  us  take  an  example  similar  to  the  preceding,  but  at  a  higher  temperature  than 
15^  Cent.  Suppose  we  have  1000  litres  measured,  at  the  temperature  of  25®,  of  spirits 
whose  apparent  strength  is  53c,  what  is  the  real  quantity  of  pure  alcohol  which  this 
spirit  contains  at  the  temperature  of  15®  ?  We  shall  find  in  the  table,  first  of  all,  that 
the  real  strength  of  the  spirits  is  49<:*3.  As  to  its  bulk  or  volume,  it  is  very  clear 
that  the  1000  litres  in  cooling  from  25®  to  15®,  will  occupy  a  smaUer  space.  This 
^lume  will  be  993  litres ;  it  is  inscribed  directly  below  49c-3,  the  real  strength.  We 
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■hall  therefore  have  of  pare  alcohol,  contained  in  the  1000  litres  of  spirits,  measnxcd  at 
the  temperature  of  25^  or  their  richfiut,  993  lit.  X  0-493  =  489  lit.  55. 


Alcometrical  TaUe  of  real  Strength,  by  M.  Gay  Lnssac 


Tsnpora  t  u  ro . 

C. 

31c 

39e 

39c 

S4c 

3&C 

36c 

37c 

38c 

39c 

40e 

Deg. 
10 

33  0 
1003 

34 

1002 

35 
1003 

36 
1003 

37 
1003 

38 
1003 

39 
1003 

40 
1003 

41 

1003 

48 

1003 

11 

32-6 
1001 

33-6 
1009 

34*6 
1009 

35*6 
1002 

36-6 
1009 

37*6 
1009 

38*6 
1009 

39*6 
1009 

40*6 
1003 

41  -6 
1003 

12 

32-2 
1001 

33-2 
1001 

34*2 
1003 

35*2 
1009 

36  2 
1009 

37*2 
1003 

38-2 
1003 

39*2 
1009 

40-2 
1003 

41*8 
1009 

13 

31  -8 
1001 

32-8 
1001 

33*8 
1001 

34-8 
1001 

35-8 
1001 

36*8 
1001 

37*8 
1001 

38-8 
1001 

39*8 
1001 

40*8 
1001 

14 

31  -4 

1001 

32-4 

1001 

33*4 
1001 

34*4 

1001 

35-4 
1001 

36*4 
1001 

37*4 
1001 

38*4 
1001 

39*4 
1001 

40*4 
1001 

15 

31 
1000 

32 
1000 

33 
1000 

34 
1000 

35 
1000 

36 
1000 

37 
1000 

38 
1000 

39 
1000 

40 

1000 

16 

30-6 
1000 

31  -6 
1000 

32*5 
999 

33-6 
999 

34*5 
999 

35*5 
999 

36-5 
999 

37*6 
999 

38-5 
999 

39*5 
999. 

17 

30-2 
980 

31  -2 
999 

32*1 
999 

33  1 
999 

34*1 
999 

351 
999 

36  1 
999 

37*1 
999 

38*1 
999 

391 
999 

18 

29-8 
909 

30-8 
999 

31  -7 
996 

32-7 
998 

33*7 
998 

34*7 
996 

36*7 
996 

36*7 
998 

37*7 
998 

38*7 
996 

19 

29-4 
998 

30-4 
996 

31-3 
996 

32  3 
998 

33-3 
996 

34-3 
906 

35*3 
998 

36*3 
998 

37-3 
997 

38*3 
097 

SO 

29 
996 

30 
996 

30*9 
997 

31  -9 
997 

M 

32*9 
997 

33*9 
997 

34*9 
997 

35*9 
997 

36*9 
997 

37*9 
997 

81 

28*6 
997 

29*6 
997 

30*5 
997 

11  -5 

997 

32*5 
997 

33*5 
997 

34*5 
997 

36*5 
996 

86*5 
996 

37*5 
996 

28 

88*8 
997 

89*2 
997 

30*1 
996 

31  *1 
996 

32*1 
996 

33*1 
996 

34*1 
996 

35*1 
996 

36  1 
996 

37*1 
996 

83 

87-8 
996 

88*8 
996 

29*7 
996 

30*7 
996 

31  *7 
996 

32*7 
996 

33*7 
096 

34*7 
995 

35-7 
995 

36*7 
995 

84 

87-4 
996 

88*4 
996 

89*3 
995 

80*3 
995 

31  *3 
995 

32*3 
995 

33-3 
995 

34*3 
995 

35-3 
995 

36*3 
094 

85 

27 
99S 

28 
995 

88*9 
995 

29*9 
995 

30  -9 
995 

31  -9 
994 

32-9 
994 

33*9 
994 

34-9 
994 

35*9 
994 

Toinpg  nt  org  ■ 
C. 

41e 

49c 

43e 

44c 

45a 

46o 

47c 

48c 

49r 

50c 

43 

lOOS 

44 

1004 

45 
1004 

46 

1004 

46*9 
1004 

47*9 
1004 

48*9 
1004 

49*9 
1004 

60-9 
1004 

51  *8 
1004 

11 

42-6 
1008 

43*6 
1008 

44*6 
1003 

45*6 
1003 

46*6 
1003 

47*6 
1003 

48*6 
1003 

49*5 
1003 

50-5 
1003 

61  -5 
1003 

18 

48-8 

lOOS 

43*2 

1009 

44*2 
1009 

45*2 
1003 

46*2 

1002 

47*2 
1009 

48-2 
1003 

49*2 
1009 

50-2 
1003 

51*1 
1009 

18 

41  -8 
1001 

42*8 
1001 

43*8 
1001 

44  8 
1009 

45*8 
1002 

46*8 
1009 

47*8 
1008 

48*8 
1009 

49-8 
1003 

60*8 
1009 

14 

41  -4 

1001 

42*4 
1001 

43*4 

1001 

44*4 
1001 

45*4 
1001 

46*4 
1000 

47*4 
1001 

48*4 
1091 

49*4 

1001 

60*4 
1000 

15 

41 

1000 

42 
1000 

43 

1000 

44 

1000 

45 
1000 

46 
1000 

47 

1000 

48 
1000 

49 
1000 

50 
1000 

16 

40-6 
999 

41  -6 
999 

42*6 
999 

1  43*6 
1  999 

44*6 
999 

45*6 
999 

46*6 
999 

47*6 
999 

48-6 
999 

49*6 
999 
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AtoomeCrical  TaUe  of  real  Strength,     M.  Gay  Lqmc  (ootUutmMd), 


TuBpentue. 

a 

41o 

42c 

43c 

44c 

45g 

46o 

47c 

46c 

49n 

50o 

17 

40*2 
000 

41  *3 
999 

42  '2 
999 

43''8 
996 

44  '9 
996 

996 

46  *2 
996 

47*8 
996 

AR  '9 

40  A 

998 

49*8 

996 

le 

39  ^ 
098 

40  *8 
996 

41  '8 
993 

48  '8 
996 

43  *8 
996 

44*9 
996 

45*9 
996 

46  *9 
996 

Al  'Q 
998 

48*9 
996 

19 

39  '4 
997 

997 

41  *4 
997 

O 

997 

907 

44  O 

907 

46  *6 
997 

AR  'ft 
40  O 

997 

4  /  O 

997 

48*6 
997 

90 

39 
997 

40 
907 

41 
997 

48*1 

997 

43*1 
996 

44*1 
996 

46*1 
996 

46*1 
996 

47*2 
996 

48*8 
996 

SI 

38-6 
996 

39-6 
996 

40*6 
996 

41  -7 
996 

42*7 
996 

43-7 
996 

44*8 
996 

46-8 
906 

46*8 
995 

47*8 
995 

2S 

38-3 
996 

39  S 
995 

40-8 
995 

41  -3 
995 

48-3 
995 

43*3 
906 

44*3 
095 

46*3 
095 

46*4 

995 

47*4 
995 

13 

37-8 
09» 

38*8 
995 

39-8 
995 

40*9 
994 

41  -9 
994 

48*9 
004 

43*9 
904 

44*9 
994 

46 
994 

47 
904 

S4 

37-4 
004 

38-4 
994 

39-4 
994 

40*5 
994 

41  5 
994 

48-5 
004 

43*6 
994 

44*6 
994 

45*6 
993 

46*6 
993 

S5 

37 
094 

38 
994 

39 
993 

401 
993 

421 

993 

48*8 
003 

43*2 
993 

44*8 
993 

45*2 
993 

46*3 
993 

C. 

ftle 

Sir. 

53c 

54c 

55o 

96o 

57c 

56c 

59c 

60c 

lU 

68  *8 

loot 

53*8 
1004 

54*8 
1004 

65*8 
1004 

56*8 
lOM 

57*8 
1004 

68*8 
1004 

69*7 
1004 

ou  / 
1004 

61  *7 
1004 

1 1 
I J 

52  *5 
1003 

53  *5 
1003 

54  '4 
1003 

55*4 
1003 

OO  % 
1003 

Ol  4 

1003 

OO  4 

1003 

AQ  'A 

OSf  4 

1003 

OU  4 

1003 

Al  -A 
Of  4 

1003 

J« 

1008 

53  *! 
1009 

54  *1 
1003 

55 
1009 

OO  . 
1009 

Ol 

1009 

OO 

1009 

69 
1009 

Rfi 
1009 

At 

Ol 

1009 

19 

51 .8 
1009 

52  '7 
1002 

53*7 
lOOS 

54*7 
1003 

OO  •  / 
1009 

10U9 

Ol  1 

1009 

OO  1 

1009 

OJT  / 

1009 

An  •7 

OU  f 

1001 

51  '4 
1001 

52  *3 
1001 

53 '3 
1001 

54*3 
1001 

OO  9 

1001 

HR  '9 
OO  9 

1001 

O  1  9 

1001 

OO  9 

1001 

Ov  9 

1001 

OU  9 

1001 

\  1ft 

51 
1000 

52 
1000 

53 
1000 

54 
1000 

OO 

lOOO 

OO 

1900 

O  1 

lOOO 

OO 

1000 

on 
1000 

60 
1000 

50  '6 
099 

51  '6 
999 

68  *6 
999 

53  '6 
999 

o%  o 
999 

56  *6 
099 

OO  o 
099 

Rl  'R 
Ol  o 

099 

RR  'R 
OO  O 

099 

69*6 
990 

17 
I  f 

50  *3 
908 

51  '3 
998 

52*3 
996 

53*3 
998 

998 

OO  0 

998 

OO  0 

998 

Of  0 

998 

OO  o 

998 

59*8 
996 

18 

49*9 
998 

50*9 
998 

51  '9 
998 

58*9 
998 

53  *9 
906 

0*1  if 

998 

OO  9 

998 

hR  'Q 

OO  !T 

997 

Of  tf 
997 

58*9 
997 

IS 

1 

49  '5 
997 

50  *6 
997 

51  *6 
997 

52  '6 
997 

53*6 
907 

04  O 

997 

^  'R 
OO  o 

997 

RR  'R 
OO  O 

997 

O  1  D 

997 

58  '6 
997 

49-2 
996 

50-2 
996 

51  -2 
996 

52*2 
096 

53*2 
996 

54*2 
996 

56*2 
096 

56*2 
996 

67*2 
996 

58*2 
996 

48-8 
995 

49*8 
995 

50*8 
995 

51  -8 
995 

52*9 
995 

53*9 
995 

54*9 
995 

55*9 
995 

56*9 
005 

57*9 
995 

48-4 
995 

49*4 
995 

50-4 
995 

51  -4 
994 

52*5 
994 

53*5 
994 

54*5 
994 

56*5 
994 

96*5 
994 

57*5 
994 

48 
994 

49  1 
994 

501 
994 

51*1 
994 

52*1 
994 

53  1 
994 

541 
994 

551 
993 

56  1 

993 

67  1 
996 

47-6 
993 

48*7 
993 

49*7 
993 

50*7 
993 

51*8 
993 

52*8 
993 

53*8 
993 

54*8 
993 

65*8 
993 

56*8 
998 

96 

47-3 
9g9  1 

48-3^ 
MS  1 

49*3 
993  1 

50*3 
993  1 

6J  -4 
999 

52*4 
909 

53-4 
999 

54*4^ 

1  m 

i  56*b' 
\  W 
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Alcometrical  Taible  of  real  Strengfth,  hj  M.  Gay  Liissac  (cimHmud). 


Temp«niiur«. 
0. 

61c 

GSe 

63c 

64e 

69o 

G6c 

67o 

68r 

OOe 

70c 

in 
lU 

R9  -1 
o«  1 

1004 

1004 

AA  •T 
04  f 

1004 

00  7 
1004 

AA*T 
00*7 

1004 

AT  .A 
07  0 

1004 

Afi  'A 
Oo  0 

1004 

AQ  •A 
Oil  0 

1004 

ft  Tn  ^A 
•  #u  0 

1004 

11  ^ 

1004 

11 

1003 

AQ  -A 

Do  4 
1003 

A4  .il 

04  4 
1003 

65*4 
1003 

tut. A 

00*4 
1003 

67*3 
1003 

AO  .9 

Oo  '3 
1003 

AD  .0 

OV'o 
1004 

Tn  .o 
70  0 

1004 

71  *3 
1004 

lUOS 

A4 
OO 

inos 

Ail 
04 

1002 

00 
1009 

AA 
00 

1002 

AT 
07 

1002 

AQ 

Oo 
1003 

AO 
OSf 

1003 

Tn 

70 

4003 

T1 

71 
1003 

01  .  f 
1009 

AO 

1008 

AO  •T 

OJ  7 
1002 

Ail  .T 

04  7 
1002 

a;;  t 
00  7 

1002 

66  '7 
1002 

67*7 
1002 

AO  •T 

Oo  7 
1002 

AQ  .A 

oy  *o 
1002 

Tn  •A 
70  0 

1009 

14 

01  0 
1001 

AO 

0«  0 
1001 

AQ  •9 

Oo  0 
1001 

64  '3 
1001 

65  '3 
1001 

66*3 
1001 

67*3 
1001 

68*3 
1001 

flQ  .O 

wf  0 

1001 

Tin 

7U  0 
1001 

10 

Al 
01 

1000 

AO 

0« 
1000 

A4 

Oo 
1000 

Ail 

04 
1000 

A^ 
00 

1000 

66 
1000 

67 
1000 

68 
1000 

on 
1000 

Tn 
TO 

1000 

ict 
ID 

An  .A 
00  0 

990 

Al  .T 

01  7 

999 

62  *7 
999 

AO  .T 

06  7 
990 

Ail  .T 

04  7 
999 

65  '7 
999 

66  '7 
999 

67  -7 
999 

68  '7 
999 

fiQ  .T 

W  T 

999 

n 

fin  .0 
OU  d 

996 

61  '3 
998 

AO  .4 

0«  0 
996 

AO  .0 

Oo  0 
998 

64*3 
096 

65  *3 
998 

66  '3 
998 

67  '3 
996 

68*3 
996 

AO  .0 

996 

10 

997 

Al 
01 

997 

AO 

02 
997 

AO 
Oo 

997 

tiA 

04 
997 

an. 
997 

66 
997 

67 
997 

68 
997 

AQ 

oy 

097 

10 

RO  •A 
OSf  0 

997 

An  tA 
00  0 

997 

Al  .A 
01  0 

997 

AO  »t 

0*  7 
997 

AO  'T 

Oo  7 
997 

tiA  ti 

04  7 
997 

65*7 
997 

AA  .T 

00  7 
997 

AT  'T 

07  7 
996 

Afi*T 

Oo*T 
W6 

SO 

59-2 
990 

60-3 
996 

61  -3 
996 

62-3 
996 

63-3 
996 

64*3 
996 

65*4 
996 

66*4 
906 

67*4 
996 

68*4 
W6 

21 

68-9 
095 

59*9 
095 

61 
995 

62 
995 

63 
095 

64 
095 

65 
995 

66 
995 

67 
995 

681 
095 

22 

58-5 
904 

59-5 
994 

60-6 
994 

61  -6 
994 

62*7 
994 

63*7 
904 

64*7 
994 

65-7 
994 

66*7 
994 

67*6 
004 

23 

681 
993 

59-2 
903 

60  2 
993 

6r-3 

993 

62*3 
993 

63*3 
993 

64-3 
993 

65*4 
993 

66*4 
993 

67*4 
093 

24 

57-8 

092 

58-9 
993 

59*9 
99S 

61 
992 

62 
992 

63 
992 

64 
992 

65 
992 

66 
992 

671 
992 

25 

57-5 
992 

58  -5 

•59-5 
992 

60-6 
991 

61  6 
991 

62*6 

991 

63*7 
991 

64*7 
991 

65*7 
991 

66*7 
991 

Tenpttmure. 
C. 

Tie 

720 

73c 

74^  ' 

75a 

76c 

77c 

78c 

79r. 

80c 

lU 

TO  •A 

7»  0 
1004 

16  0 
1004 

74  » 
1005 

TK  »l\ 

70  0 
1005 

TA  tK 

70  0 
1005 

77  '5 
1005 

TO  .K. 

To  0 
1005 

TO  ,K 

7Sf  *0 
1005 

80  -5 
1003 

81  '5 
1005 

11 

OfO  -Q 

1004 

79  .o 
1001 

Tit  •O 
/4  * 

1004 

TK  •O 

1004 

TA  •O 
fO  Z 

1004 

TT  •O 

77  * 
1004 

Tfi  •O 

70  Jf 
1004 

TO  .O 

1004 

!)0  '2 
1004 

81  *2 
1004 

12 

72 
1003 

72*9 
1003 

73*9 
lOOS 

74  '9 
1003 

75*9 
1003 

76*9 
1003 

77-9 
1003 

78-9 
1003 

79*9 
1003 

80 '9 
1003 

13 

71  -6 
1002 

72-6 
1002 

73-6 
1002 

74-6 
1003 

75*6 
1002 

76*6 
1003 

77*6 
1002 

78*6 
1002 

79*6 
1002 

80*6 
1009 

14 

71  -3 
1001 

72-3 
1001 

73-3 
1001 

74-3 
1001 

76*3 
1001 

76*3 
1001 

77*3 
1001 

78*3 
1001 

79*3 
1001 

80*3 
1001 

15  . 

71 
1000 

72 
1000 

73 
1000 

74 
1000 

75 
1000 

76 
1000 

77 
1000 

78 
1000 

79 
1000 

80 
1000 

16 

70-7 
909 

71  -7 
999 

72-7 
999 

73-7 
999 

74-7 
999 

75*7 
900 

76*7 
999 

77*7 
999 

78-7 
999 

79-7 
099 

17 

70-3 
996 

71  -3 
996 

72-3 
908 

73-3 
998 

74*3 
096 

76-4 
098 

76*4 
996 

77*4 
998 

78*4 
098 

79^ 
996 
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Alcometrical  Table  of  real  Sircngth,  by  M.  Gay  Lussac  (continued). 


Tmpntiarc. 

C. 

Tic 

7.C 

73c 

lie 

750 

TCc 

77c 

7i?o    !  79o 

oOc 

\H 
19 

SO 

SI 

ss 

S3 
S4 
S5 

70 
W7 

71 

9i»7 

72 
9.17 

i 

13   1  74 
997    1  9J7 

75  1 

997 

76-1 
997 

77-1  !  78-1 
997    1  997 

791 
W97 

69  -7 

70-7 

94ti 

71  -7 

9v»tJ 

72  -7  i  73  -7 
99C    1  996 

74-7 

75-8 
996 

76-8 
996 

77-8 
996 

78-8 
006 

69-4 
9M 

70-4- 
990 

71-4 

9;*5 

72  4  !  73  -4 
"J9j  y.*5 

74-4 

995 

75-5 
995 

76  5  i  77  -6 
995   1  905 

78-5 
005 

691 
W5 

701 

71  1 

72  1  i  73  1 

991    j  9U1 

74  1 
991 

75-2 
994 

76-2 
994 

77-2 
994 

78-2 
004 

68  'S 

69  'S 

9'Ji 

70 -s  j  71  a 

1 

72 -S 
9«;)3 

73  '8 
993 

74  *8 
993 

75-9 
993 

76-9 
993 

.  1  i  9 

003 

wo  *§ 
9M 

69  '4 

W3 

70-5 

71  5  i  72  -5 
9i>3    !  992 

73  '6 
999 

999 

75-5 
999 

76-6 
999 

999 

uo  1 
999 

69 '1 
VJi 

70-1 

*m 

71  -2  ;  72-2. 
999    1  999 

73  '2 

999 

992 

75-2 
991 

76-3 
091 

•77  .O 

1  1  0 

901 

ill 

68  '8 
991 

69  S 
991 

70-8 
991 

71  a 

991 

72  '8 
991 

73  '9 
991 

74-9 
991 

76 
991 

77 

001 

Tm|wrBtqrr. 

C 

89c 

80o 

81c 

85e 

86c 

87c 

88c 

80o 

OOc 

Dtg. 

10 

11 
IS 
13 
U 

82-4 
1005 

83  -4 

J  005 

84 -4 
1005 

8.5-4 
H)05 

S6-4 
1005 

87-4 
1005 

88-3 
1005 

89-3 
1005 

90-2 
1005 

91-2 
1005 

82-2 
10O4 

S3  1 
1004 

S4-1 
1001 

85-1 
1001 

86  1 
1001 

871 
1004 

88 
1004 

89 
1004 

90 
1004 

91 
1004 

81  -9 
1U03 

82-9 

1003 

83-9 
1003 

84-8 
10:)3 

85-8 
1003 

86-8 
10<>3 

87-8 
1003 

88-7 
1003 

89  7 
1003 

90-7 
1003 

81  .6 
1009 

82-6 
1009 

83-6 
1009 

84-6 
1002 

8.5-5 
1009 

86-5 
1009 

87-5 
1009 

88-5 
1009 

89-5 
1009 

90-5 
1009 

81  -3 
1001 

82-3 
1001 

83-3 
1001 

84-3 
1001 

85  3 
1001 

86-3 
1001 

87-3 
1001 

88-2 
1001 

89-2 
1001 

90  2 
1001 

15 
16 
17 
18 
19 
SO 
SI 
St 
S3 
U 

81 
1000 

82 
1000 

83 
1000 

84 
1000 

85 
lOOO 

86 
1000 

87 
1000 

88 
1000 

89 
1000 

90 
1000 

80-7 
yw 

81  -7 
999 

82-7 
999 

83-7 
999 

84-7 
999 

85-7 
099 

86-7 
999 

87-7 
000 

88-7 
000 

89-7 
000 

80-4 

996 

,81  4 
99S 

82-4 
«9S 

83-4 
998 

84-4 

85-4 
998 

86-4 
098 

87-4 
008 

88-4 
006 

89-6 
096 

801 

81  1 
997 

821 
9W 

83-1 
997 

841 

997 

85-2 
997 

86-2 
097 

87-2 
007 

88-2 
007 

89-2 
997 

79-8 
99G 

80*8 
99S 

81-9 
990 

82-9 
990 

83-9 

9^M 

84-9 
900 

85-9 
900 

86-9 
006 

87  9 
006 

88-9 
006 

79-5 
093 

80-5 
995 

81-6 
9V5 

82-6 
005 

83-6 
995 

84-6 
995 

85-6 
095 

86-6 
005 

87-7 
005 

88-7 
005 

79-2 
9M 

80-2 
994 

81-3 
094 

82-3 
994 

83-3 
994 

84-3 
994 

86-3 
994 

86-4 
004 

87-4 
004 

88-4 
004 

78*9 
093 

79-9 
993 

81 
993 

82 
993 

83 
993 

84 
903 

85 
993 

861 
003 

871 
003 

88-2 
003 

78-6 
099 

79-6 
999 

80-7 
991 

81  -7 
999 

82-7 
092 

.83-8 
999 

84-8 
999 

85-8 
999 

86-8 
009 

87-9 
009 

78-3 
991 

79-3 
991 

80-4 
991 

81  -4 
991 

82-4 
991 

83-5 
991 

84-5 
991 

85-5 
991 

86-5 
001 

87-6 
001 

78 
Oil 

79 
991 

801 
990 

81*1 
990 

821 
990 

83  S 
000 

84 -S 
000 

86-2 
000 

86*3 
090 

87-4 
990 

8 
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ALKALT. 


I  consider  the  preceding  table,  which  I  have  extracted  from  the  longer  tables  of 
Gay  Lussac,  as  an  important  addition  to  the  resources  of  British  dealers  and  manufac — 
taring  chemists.  With  the  aid  of  his  little  instrnment,  which  may  be  got  for  a  trifles 
from  its  ingenious  maker,  M.  Collardeau,  Kuc  Faubourg  St.  Martin,  at  Paris,  or  con — 
•trucled  by  one  of  the  London  hydrometer  artists,  the  per  centage  of  real  alcohol,  an(H 
the  real  value  cf  any  spirituous  liquor,  may  be^dcteimined  to  sufficient  nicety  for  mosv 
parposes,  in  a  far  easier  manner  than  by,any  instruments  now  used  in  this  country.  Iwt 
has  been  adopted  by  the  Swedish  government,  with  M.  Gay  Lussac's  tables. 

M.  Gay  Lussac's  table  gives,  by  inspection;  the  true  bulk  of  the  spirits  as  corrected  fi 
temperature ;  lhat  is,  their  volume,  if  of  the  normal  temperature  of  15®  Cent.  (5fi**  Fahr.)  ^ 
Now  this  is  important  information;  for,  if  a  person  buys  1000  gallons  c»f  spiiits  in  hct 
weather,  and  pays  for  them  exactly  according  to  their  strength  corrected  for  temperature ♦ 
he  will  not  have  1000  gallons  when  the  weather  is  in  its  mean  state.  He  may  lose,  ii7 
this  way,  several  gallcns  without  being  aware  of  it  from  his  hydrometer. 

Sometimes,  aAer  moist  autumns,  when  damaged  srrain  abounds,  the  alcohol  distilled 
from  its  fermented  wash  contains  a  peculiar  volatile  body.  AVhcn  we  ap|ly  cur  no5c 
to  this  species  of  spirits  in  its  hot  stale,  the  volatile  substance  dissolved  in  it  iiritntes 
the  eyes  and  nostrils  :  it  has  veiy  nearly  the  fatre  shjcII  as  an  alcchrlic  folutit  n  «f 
cyanogen,  as  any  chemist  may  discover  by  standing  nenr  the  discharse  pipe  of  the  refri- 
^geratory  worm  of  a  raw-grain  whis-key  still.  Such  spirits  intoxicate  more  strongly  ihao 
pure  spirits  of  the  same  strength,  and  excite,  in  many  persons,  even  temporary  phrensy. 
it  is  a  volatile  fatty  matter,  of  a  very  fetid  odor,  when  obtained  by  itself,  as  I  have  pio- 
cured  it  in  cold  weather  at  some  of  the  great  distilleries  in  Scotland.  It  does  not  com- 
bine with  bases.  At  the  end*  of  a  few  months,  it  sp«)ntaneously  deconipesrs  in  the  spirits, 
and  leaves  them  in  a  less  nauseous  and  noxious  Male.  By  largely  dilutinc  the  spirits 
with  water,  and  distilling  at  a  moderate  tempeiatnre,  the  greater  part  of  this  oil  may  be 
separated.  Part  of  it  comes  over  with  the  strongest  alcohol,  and  part  with  the  latter 
ninnings,  which  are  called  by  the  distillers  stromr  and  weak  feints.  The  intermediate 
portion  is  purer  spirit.  The  feints  are  alwuys  more  or  less  opalescent,  or  become  so 
on  dilution  with  water,  and  then  throw  up  an  oily  pellicle  upon  their  surface.  The 
charcoals  of  light  wood,  such  as  pine  or  willow,  well  calcined,  and  infused  in  sufficient 
quantity  with  the  spirits  prior  to  rectification,  will  deprive  them  of  the  greater  part  of 
that  oily  contamination.  Animal  charcoal,  well  calcined,  has  also  been  found  aseful; 
bat  it  must  be  macerated  for  some  time  with  the  empyrenn^alic  spirits,  before  distilla- 
tion. Another  mode  of  separating  that  offensive  oil  is,  to  agitate  the  impure  spirits 
with  a  quantity  of  a  fat  oil,  such  as  olive  oil,  or  oil  of  almonds,  to  decant  off  the  oil,  and 
re-distil  the  spirits  with  a  little  water. 

Some  foreign  chemists  direct  empyreumatie  or  rank  spirits  to  be  rectified  with  the 
addition  of  chloride  of  lime.  I  have  tried  this  method  in  every  way,  and  on  a  consider- 
able scale,  but  never  Ibund  the  spirits  to  be  improved  by  it.  They  were  rather  deterio- 
rated.   See  Brandy,  Distiilaiion,  Fermeniation,  Gin,  Rum,  miiskey. 

Anhydrous  or  absolute  alcohol,  when  swallowed,  acts  as  a  mortal  poison,  not  only  by 
Its  peculiar  stimulus  on  the  nervous  system,  but  by  its  abstracting  the  aqueous  particles 
from  the  soft  tissue  of  the  stomach,  with  which  it  comes  in  contact,  so  as  to  destroy  ka 
organization.  Alcohol  of  0-812  consists,  by  experiments,  of  3  atoms  of  carbon,  6  of  hy- 
drogen, and  2  of  oxygen  ;  absolute  alcohol  consists,  probably,  of  2  of  carbon,  3  of  hydro- 
gen, and  1  of  oxygen. 

ALE.   The  fermented  infusion  of  pale  malted  barley,  usually  combined  with  infusion 
of  hope.   See  Beer. 
ALEMBIC,  a  Srrix ;  which  see. 

ALEMBROTH,  salt  of.  The  salt  of  wisdom,  of  the  alchemists ;  a  compound  of  bi- 
chloride of  mercury  and  sal  ammoniac,  from  which  the  old  white  precipitate  of  mercaxy 
is  made. 

ALGAROTH,  powder  of.   A  compound  of  oxyde  and  chloride  of  antimony,  being  a 
precipitate  obtained  by  pouring  water  into  the  acidulous  chloride  of  that  metal. 
ALIZARINE.   See  Madder. 

ALKA.LI.  A  class  of  chemical  bodies,  distinguished  chiefly  by  their  solubility  in 
water,  and  their  power  of  neutralizing  acids,  so  as  to  form,  saline  compounds.  The 
alkalis  of  manufacturing  importance  are,  ammonia,  potash,  soda,  and  quinia.  These 
alkalis  change  the  purple  eolor  of  red  cabbage  and  radishes  to  a  green,  the  ^reddened 
tincture  of  litmus  to  a  purple,  and  the  color  of  turmeric  and  many  other  yellow  dyes 
to  a  brown.  Even  when  combined  with  carbonic  acid,  the  first  three  alkalis  exercise 
this  dicoloring  power,  which  the  alkaline  earths,  lime,  and  barytes,  do  not.  The  same 
three  alkalis  have  an  acrid,  and  somewhat  urinous  taste ;  the  first  two  are  energetic 
•olvenu  of  animal  matter;  and  the  three  combine  with  oils,  so  as  to  form  soaps.  They 
unite  with  water  in  every  proportion,  and  also  with  alcohol;  and  the  first  three  combine 
with  water  after  being  carbonated. 
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ALKAUMETER.  An  iastrnment  for  memsnring  the  alkaline  force  or  purity  of  any 
flf  Ike  alkalis  of  eommerce.  It  is  founded  on  the  principle,  that  the  quantity  of  teal 
iBnli  present  in  any  sample,  is  proportional  to  the  quantity  of  acid  which  a  given  weight 
flf  it  am  neutralize.   6ce  the  individual  alkalis.  Potash  and  Soda. 

ALKANA,  is  the  name  of  the  root  and  leaves  of  Lautania  inermUy  which  have  been 
Ins  eopbyed  in  the  East,  to  dye  the.  nails,  teeth,  hair,  garments,  iLC,  The  leaves, 
fTMid  and  mixed  with  a  liitle  limewater,  serve  for  dyeing  the  tails  of  horses  in  Persia 
MdTvkey. 

ALKANET,  the  root  of.  {JnrhuMa  tinctoria.)  A  species  of  busloss,  cultivated 
ckieljr  in  the  neighborhood  of  Montpellier.  It  affords  a  fine  red  color  to  alcohol 
udoils:  bat  a  dirty  red  to  water.  Its  principal  use  is  for  coloring  ointments,  cheeses^ 
ud  fommadu.  The  spirituous  tincture  gives  to  white  marble  a  beautiful  deep 
nail. 

ALUOATION.  An  arithmetical  formaki,  useful,  on  many  occasions,  for  ascertaining 
tke  pfDportion  of  constituents  in  a  mixture,  when  they  have  undergone  no  change  of 
volBoe  by  chemical  action.  When  alcoholic  liquors  are  mixed  with  water,  there  is  a 
eosdcMation  of  bulk,  which  renders  that  arithmetical  ni|pinapplicable.  The  same  thing 
koUs,  in  some  measure,  in  the  union  of  metals  by  fusion.   See  Allot. 

ALLOY.  {Mliagty  Fr. ;  Legirungy  Germ.)  This  term  formerly  signified  a  corapoond 
^  foU  and  stiver,  with  some  metal  of  inferior  .value,  but  it  now  means  any  compound 
if  uy  two  or  more  metals  whatever.  Thus,  bronze  is  an  alloy  of  copper  and  tin ;  brass, 
n  tUiif  of  copper  and  zinc ;  and  type  metal,  an  alloy  of  lead  and  antimony.  AH  the 
iBofs  possess  metallic  lustre,  even  when  cut  or  broken  to  pieces ;  they  are  opaque ;  are 
nerilent  conductors  of  heat  and  electricity ;  are  frequently  susceptible  of  crystallizing ; 
ire  oMire  or  less  ductile,  malleable,  ektstic,  and  sonorous.  An  alloy  which  consists  oif 
■eials  diflerently  fusible  is  usually  malleable  in  the  cold,  and  brittle  when  hot,  as  is  ex- 
oipUfied  with  brass  and  gong  roetaL 

Many  alloys  consist  of  definite  or  equivalent  proportions  of  the  simple  component 
wials,  though  some  alloys  seem  to  form  in  any  proportion,  like  combinations  of  salt  or 
i^ar  with  water.  It  is  probable  that  peculiar  properties  belong  to  the  equivalent  or 
itoaic  ntio,  as  is  exemplified  in  the  superior  quality  of  brass  made  in  that  proportion. 

One  metal  does  not  alloy  indififerently  with  every  other  metal,  but  it  is  governed  in  this 
nipeet  by  peeoltar  affinities ;  thus,  silver  wUl  hardly  unite  with  iron,  but  it  combines 
rodily  with  gold,  copper,  and  lead.  In  comparing  the  alloys  with  their  constituent 
•eiak,  the  following  differences  may  be  noted  ;  in  general,  the  ductility  of  the  alloy  ii 
im  than  that  of  the  separate  metals,  and  sometimes  in  a  very  remarkable  degree;  on 
the  eootrary,  the  alloy  is  asually  harder  than  the  mean  hardness  of  its  constituents.  The 
■irrarial  alloys  or  amalgams  are,  perhaps,  exceptions  to  this  rule. 

The  specific  gravity  is  rarely  the  mean  between  that  of  each  of  its  constituents,  but  is 
mmttiae*  greater  and  sometimes  les?,  indicating,  in  the  former  case,  an  approximatkMi, 
•sd  ia  the  latter,  a  recedure,  of  the  particles  from  each  other  in  the  act  of  their 
laiM.  The  following  tables  dT  binary  alloys  exhibit  this  circumstance  in  expfrimental 


AlliT*  havinf  a  dAovitj  fTMter  than  iIm 
mmn  i4  ibair  eoMtitoanto. 

Gokl  and  zinc 
Gold  and  tin 
Gold  and  bismuth 
GoU  and  antimony 
GoUl  and  cobalt 
Silver  and  zinc 
Silver  and  lead 
SUver  and  tin 
Silver  and  bismuth 
SUver  and  antimony 
Copper  and  zinc 
Copper  and  tin 
Copper  and  palladium 
Copper  and  bismuth 
Lead  and  antimony 
Platinnm  and  motybdinnai 
Palladiam  and  btenath. 


AOojrs  hariaf  a  deaaitj  \»m  tkaa  t 
maaa  of  their  cwnttitaanU. 

Gold  and  silver 
Gold  and  iron 
Gold  and  lead 
Gold  and  copper 
Gold  and  iridium 
Gokl  and  nickel 
Silver  and  copper 
Silver  and  lead 
Iron  and  bismuth 
Iron  and  antimony 
Iron  and  lead 
Tin  and  lead 
Tin  and  palladium 
Tin  and  antimony 
Nickel  and  arsenic 
Zinc  and  antimony. 


I  vmII  be  hmrih  pntsiMe  to  mfer  the  melting  point  of  an  alloy  from  that  of  each  of 
*  mtHtaem  Bicinlt;  but,  in  general,  the  fnsibility  is  increased  by  mutual  afll- 
iMr  AIM  #r  eonbinaciaB.  Of  this,  a  remarkable  instanea  is  afforded  lo  the 
I  coMiftiag  of  8  paru  of  bismuth,  5  of  lead,  and  3  of  tin,  which  melts  at  the 
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heat  of  boDing  water,  or  212"  Fahr.,  though  the  melting  point  deduced  from  the  m^n  of 
Its  oompanents  should  be  514®.  This  alloy  may  be  rendered  stiU  more  fusible  hy  adding 
a  Tery  little  mercury  to  it,  when  it  forms  an  excellent  material  for  certain  anatomical  ia*  - 
jections,  and  for  filling  the  hollows  of  carious  teeth.  Nor  do  the  colors  of  alloys  d^end, 
in  any  considerable  degree,  upon  those  of  the  separate  metals;  thus,  the  color  of  copper, 
instead  of  being  rendered  paler  by  a  large  addition  of  zinc,  is  thereby  conYcrted  into  the 
rich-looking  pinchbeck  metal. 

By  means  of  alloys,  we  multiply,  as  it  were,  the  numbers  of  useful  metals,  and  some- 
times give  usefulness  to  such  as  are  separately  of  little  value.  Since  these  oompomds 
can  be  formed  only  by  fusion,  and  since  many  metals  are  apt  to  oxydize  readily  at  their 
melting  temperature,  proper  precautions  must  be  taken  in  making  alloys  to  prerent  this 
occurrence,  which  is  incompatible  with  their  formation.  Thus,  in  combining  tin  and  lead, 
rosin  or  grease  is  usually  put  on  the  surface  of  the  melting  metals,  the  carbon  produced 
hy  the  decomposition  of  which  protects  them,  in  most  cases,  sufficiently  (Vom  mrdiaement. 
When  we  wish  to  combine  tin  with  iron,  as  in  the  tinning  of  cast-iron  teinccttles,  we 
rub  sal  ammoniac  upon  the  surfaces  of  the  hot  metals  in  contact  with  each  other,  and 
thus  exclude  the  atmospheric  jH^gen  by  means  of  iu  fumes.  When  there  is  a  notable 
dlfiferencfe  in  the  specific  gravmes  of  the  metals  which  we  wish  to  combine,  we  often  find 
great  difficulties  in  obtaining  homogeneous  alloys ;  for  each  metal  may  tend  to  assume 
the  level  due  to  its  density,  as  is  remarkably  exemplified  in  alloys  of  gold  and  ailTer 
made  without  adequate  stirring  of  the  melting  metals,  if.  the  mass  be  large,  and  slow 
of  cooking,  after  it  is  cast  in  an  upright  cylinditod  ()%)^Jbe  metils  sometimes  separate, 
to  a  certain  degree,  in  the  order  of  their  densilies.^%1^  in  casting  large  bells  and 
cannon  s  with  copper  alloys,  the  bottom  of  the  castog  is  apito  oontain  too  much  copper  and 
the  top  too  much  tin,  unless  very  dexterous  manipulatk>n  in  mixing  the  fused  materials 
have  been  employed  immediately  before  the  instant  of  pouring  out  the  melted  mass. 
When  such  inequalities  are  observed,  the  objects  are  broken  and  re-melted,  aAer  which 
they  form  a  much  more  homogeneous  alloy.  This  artifice  of  a  double  melting  is  often 
had  recourse  to,  and  especially  in  casting  the  alloys  for  the  specula  of  telescopes. 

When  we  wish  to  alloy  three  or  more  meials,  we  often  experience  difficulties,  either 
because  one  of  the  metals  is  more  oxydable,  or  denser,  or  more  ftisible,  than  the  others, 
or  because  there  is  no  direct  affinity  between  two  of  the  metals.  In  the  latter  predica- 
ment, we  shall  succeed  better  by  combining  the  three  metals,  first  in  pans,  for  example, 
and  then  melting  the  two  pairs  together.  Thus,  it  is  difficult  to  unite  iron  with  bronze 
directly ;  but  if,  instead  of  iron,  we  use  tin  plate,  we  shall  inunediately  succeed,  and  the 
bronze,  in  this  manner,  acquires  valuable  qualities  from  the  iron.  Thus,  also,  to  render 
brass  better  adapted  for  certain  purposes,  a  small  quantity  of  lead  ought  to  }!t  added  to 
it,  but  this  cannot  be  done  directly  with  advantage :  it  is  better  to  melt  the  lead  first 
along  with  the  zinc,  and  then  to  add  this  alloy  to  the  melting  copper,  or  the  oopper  to 
that  alloy,  and  fuse  them  together. 

We  have  said  that  the  difiference  of  fusibility  was  often  an  obstacle  to  metallic  eom- 
bination^  but  this  circumstance  may  also  be  turned  to  advantage  in  decomposing  certain 
alloys  by  the  process  called  eliqualion.  By  this  means  silver  may  be  separated  from 
copper,  if  a  considerable  quantity  of  lead  be  first  alloyed  with  the  said  copper;  this 
alloy  is  next  exposed  to  a  heat  just  sufficient  to  melt  the  lead,  which  then  sweats  out,  so 
to  speak,  from  the  pores  of  the  copper,  an(f  carries  along  with  it  the  greater  part  of-lhe 
silver,  for  which  it  has  a  strong  affinity.  The  lead  and  the  silver  are  afterwards  sepa- 
rated from  each  other,  in  virtue  of  their  very  different  oxydability,  by  the  action  of 
heat  and 

One  of  the  alloys  most  useful  to  the  arts  is  brass ;  it  is  more  ductile  and  less  easily 
oxydized  than  even  its  copper  constituent,  notwithstanding  the  opposite  nature  of  the 
zinc.  This  alloy  may  Cxilt  in  many  different  proportions,  under  which  it  has  different 
names,  ns  tombac,  similor,  pinchbeck,  &c.  Copper  and  tin  form,  also,  a  compound  of 
remarkable  utility,  known  under  the  names  of  hard  brass,  for  the  bushes,  steps,  and 
bearings  of  the  axles,  arbors,  and  spindles  in  machinery  ;  and  of  bronze,  bell-metal,  ice. 
Gold  and  silver,  in  their  pure  state,  are  too  soft  and  flexible  to  form  either  vessds  or 
coius  of  sufficient  strength  and  durability ;  but  when  alloyed  with  a  little  copper,  they  ae> 
quire  the  requisite  hardness  and  stiffness  for  these  and  other  purposes. 

When  we  have  occasion  to  unite  several  pieces  of  the  same  or  of  different  metals,  we 
employ  the  process  cidled  toldering,  which  consists  in  fixing  together  the  surfaces  by 
means  of  an  interposed  alloy,  which  must  be  necessarily  more  fusible  than  the  meUl  or 
metals  to  be  joined.  That  alloy  must  also  consist  of  metals  which  possess  a  strong 
affinity  for  the  substances  to  be  soldered  together.  Hence  each  metal  wouM  seem  to 
require  a  particular  kind  of  solder,  which  is,  to  a  certain  extent,  true.  Thus,  the  solder 
for  gold  trinkets  and  plate  is  an  alloy  of  gold  and  silver,  or  gold  and  copper ;  that  of 
silver  trinkets,  is  an  alloy  of  silver  and  copper ;  that  of  copper  is  either  fine  tin,  for 
pieces  that  must  not  be  exposed  to  the  fire,  or  a  brassy  aUoy  called  hard  solder,  of  whicb 


ALLOY. 


37 


the  line  formt  a  considerable  proportion.  The  solder  of  lead  and  tinplate  is  an  aiioy  of 
Ind  ind  tin,  and  that  of  tin  is  the  same  alloy  with  a  little  bismuth.  Tinninsr,  gilding, 
4iJ  nlTcrin^  may  also  be  reckoned  a  species  of  alloys,  since  the  tin,  gold,  and  silver  are 
nperiicially  united  in  these  cases  to  other  metals. 

Metallic  alloys  possess  usually  more  tenacity  than  could  be  inferred  from  their  con- 
Miiaents;  thus,  an  alloy  of  twelve  parts  of  lead  with  one  of  zinc  has  a  tenacity  double 
that  of  siac.  Metallic  alloys  are  much  more  easily  oxydized  than  the  separate  metals,  a 
pbcoomenon  which  may  be  ascribed  to  the  increase  of  affinity  for  oxygen  which  results 
fruo  the  tendency  of  the  one  of  the  oxydes  to  combine  with  the  other.  An  alloy  of  tin 
ii4  lead  heated  to  ledness  takes  fire,  and  continues  to  burn  for  some  time  like  a  piece 
oTWdtarf. 

Every  alloy  is,  in  reference  to  the  arts  and  manufactures,  e  new  metal,  on  account  of 
iu  cbemiea^uid  physical  properties.  A  vast  field  here  remains  to  be  explored,  ^"^ot  above 
fixtT  aUojAnvp  been  studied  by  the  chemists  out  of  many  hundred  which  may  be  made; 
ud  of  xhtite  very  few  have  yet  been  practically  employed.  Very  siieht  modifications 
ortea  coostilule  very  valuable  improvements  upon  metallic  bodies.  Thus,  the  brass  most 
nteeoed  by  turners  at  the  lathe  contains  from  two  to  ihfce  per  cent,  of  lead ;  but  such 
kvf  does  not  work  well  under  the  hammer ;  and,  reciprocally,  the  brass  which  is  best 
uder  the  hammer  is  too  tough  for  turning. 

That  metallic  alloys  tend.to.be  formed  in  definite  proportions  of  their  constituents  is 
clrarfiom  the  circumstance  jj^^  native  gold  of  the  auriferous  sand^  is  an  alloy  with 
Miier,  in  the  ratios  of  1  atom^'ifiver  united  to  4,  5, 6, 12  atoms  of  sold,  but  never  with 
irncttunal  part  of  an  tiUtA  J^Mwo,  in  making  an  amalgam  of  ]  part  of  silver  with  12 
wl5of  mercury,  and  afVerwards  squeezing  the  mixture  through  chamois  leather,  the 
ttolna)  separates  into  2  parts :  one,  containing  a  small  proportion  of  silver  and  much 
wteary,  pa«sts  through  the  skin  ;  and  the  other,  formed  of  1  of  silver  and  8  of  mercury, 
a  t  eompoand  in  definite  proportions,  which  crystallizes  readily,  and  remains  in  the  knot 
of  tfee  bag.  An  analosous  separati')n  takes  place  in  the  tinning  of  mirrors  ;  for  on  load- 
isf  them  with  the  weights,  a  liquid  amalgam  of  tin  is  squeezed  out,  while  another  amal- 
ns  remains  in  a  solid  furm  composed  of  tin  and  mercury  in  uniform  atomic  proportions. 
H'^t,  as  alkiys  are  generally  soluble,  so  to  speak,  in  each  other,  this  definiteness  of  com- 
biutioa  is  masked  and  disappears  in  most  cases. 

.H.  Chaoflet  has  made  some  experiments  on  the  means  of  detecffng  the  metals  of 
lilofs  by  the  dqwUing  furnace,  and  they  promise  useful  applications.  The  testing 
depends  opon  thie  appearances  exhibited  by  the  metals  and  their  alloys  when  heated  on  a 
(^reL  Pare  tin,  when  heated  this  way,  fuses,  becomes  of  a  grayish  black  color,  fumes 
a  Unle,  exhibits  incandescent  points  on  its  surface,  and  leaves  an  oxyde,  which,  when 
vitl^irawB  from  the  fire,  is  at  first  lemon-yellow,  but  when  cold,  white.  Antimony 
Bells,  preserves  its  brilliancy,  fumes,  and  leaves  the  vessel  colored  lemon-yellow  when 
tM,  bot  colorless  when  cold,  except  a  few  spots  of  a  rose  tint.  Zinc  burns  brilliantly, 
ron&iag  a  eone  of  oxyde ;  and  the  oxyde,  much  increased  in  volume,  is,  when  hot,  green- 
t*k,  bat  when  cold,  perfectly  white.  Bismuth  fumes,  becomes  covered  with  a  coat  of 
Belied  oxyde,  part  of  which  sublimes,  and  the  rest  enters  the  pores  of  the  cupel ;  when 
raid,  the  capel  is  of  a  fine  yellow  color,  with  spots  of  a  greenish  hu'e.  Lead  resembles 
MuMtb  very  much ;  the  cold  cupel  is  of  a  lemon-yellow  color.  Copper  melts,  and  be- 
oaaes  covered  with  a  coat  of  black  oxyde ;  sometimes  spots  of  a  rose  tint  remain  on  the 
cupel 

AUoys.—  Tin  75,  antimony  25,  melt,  become  covered  with  a  coat  of  black  oxyde, 
Ure  vcf7  ft;w  inraadcscent  points;  when  cold,  the  oxyde  is  nearly  black,  in  con- 
•eiaeaee  uf  the  action  of  the  antimony  :  a  4^  part  of  afftimony  may  be  ascertained  in 
Ihn  way  10  the  alluy.  An  alloy  of  antimony,  containing  tiuf  lc«\'es  oxyde  of  tin  in  the 
npei :  a  I  part  of  tin  may  be  detected  in  this  way.  An  allciy  of  tin  and  zinc  gives  an 
ox|dr  which,  while  hot,  is  of  a  green  tint,  and  resembles  philosophic  wool  in  appearance. 
Aa  alloy  eoataining  tin,  1  zinc,  did  not  present  the  incandescent  points  of  pure  tin, 
aad  lave  an  oxyde  of  greef)i>h  tint  when  cold.  Tin  95,  bismuth  5  parts,  gave  an  oxyde 
«f  a  gray  color.  Tin  and  lead  give  an  oxyde  of  a  rusty  brown  color.  An  alloy  of  lead 
ui  iia,  conuining  only  1  per  cent,  of  the  latter  metal,  when  healed,  does  not  expose  a 
dcaa  iariaee,  like  lead,  but  is  covered  at  times  with  oxyde  of  tin  Tin  75,  and  copper 
S,  dd  ad  melt,  gave  a  black  oxyde  :  if  the  heat  be  much  elevated,  the  under  part  of 
ike  oiyde  is  white,  and  is  oxyde  of  tin  ;  the  upper  is  black,  and  comes  from  the  copper. 
The  capel  becomes  of  a  rose  color.  If  the  tin  be  impure  from  iron,  the  oxyde  produced 
bf  il  is  Barked  with  spots  of  a  mst  color. 

The  degree  of  afiinity  between  metals  may  be  in  some  measure  estimated  by  the 
PMcr  or  lev  facility  with  which,  when  of  different  degrees  of  fusibility  or  volatility, 
tWy  Milc^  or  with  which  they  can,  aAcr  union,  be  separated  by  heat.   The  greater  or 

fai  Iwii  ■!/  to  aeparate  into  diflferently  proportioned  alloys,  by  long-continued  fusion, 

■Bjtha  §Kft  some  informaiion  upon  the  subject.   Mr.  Hatchett  remarked,  in  his 
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/ ebbonte  reseurches  on  metaUic  alloys,  that  gold  made  ttandard  with  the  Qsul  preeac* 
f  tioDi,  by  tilTer,  copper,  lead,  antimony,  itc.,  and  then  cast,  aAer  long  fusion,  intOTeitkal 
[  bars,  was  by  no  means  a  uniform  compound ;  bat  that  the  top  of  the  bar,  correspondiiis' 
to  the  metal  at  the  bottom  of  the  crucible,  contained  the  larger  proportion  of  gold. 
Hence,  for  a  more  thorough  combination,  two  red-hot  crucibles  should  be  employed,  and 
the  liquefied  metals  should  be  alternately  poured  from  the  one  into  the  other.  To  pre- 
vent unnecessary  oxydizement  from  the  nir,  the  crucibles  should  contain,  besides  ite 
netnl,  a  mixture  of  common  salt  and  pounded  charcoal.  The  metallic  alloy  should  also 
be  occasionally  stirred  up  with  a  rod  of  pottery  ware. 

The  most  direct  evidence  of  a  chemical  chans;c  having  been  effected  in  alloys  is,  when 
the  compound  melts  at  a  lower  temperature  than  the  mean  of  its  ingredients.  Iron, 
which  is  nearly  infbsible,  acquires  almost  the  fusibility  of  gold  when  olloyed  with  this 
precious  ipetal.  The  analogy  is  here  strong  with  the  increase  of  solubility  which  salts 
acquire  by  mixture,  as  is  exemplified  in  the  difliculty  of  cr}'staIUzing  residuums  of  saline 
solutions,  or  nwther  waters,  as  they  are  called. 

In  common  cases  the  specific  gravity  afTords  a  gocid  criterion  whereby  to  judge  of  the 
proportion  of  two  metals  in  an  alloy.  But  a  very  fallacious  rule  has  been  given  in  some 
respectable  works  for  computing  the  specific  gravity  that  should  resnlt  fr<  m  the  alloying 
of  given  quantities  of  two  metals  of  known  densities,  supposing  no  chemical  condensation 
or  expansion  of  volume  to  take  place.  Thus,  it  has  been  taught,  that  if  irold  and  copper 
be  united  in  equal  weights,  the  computed  specific  gravity  is  rr.erely  ihe  aiithmetical 
mean  between  the  numbers  denoting  the  two  specific  gravities.  Whereas  the  specific 
lemvity  of  any  alloy  must  be  computed  by  dividing  the  sum  of  the  two  weisrhis  by  the 
ram  of  the  two  volumes,  compared,  for  convenience  sake,  to  water  reckoned  unity.  Or, 
in  another  fonn,  the  rule  may  be  stated  thus  : — Multiply  the  sum  of  the  weishts  into 
the  products  of  the  two  specific-gravity  numbers  for  a  numerator;  and«Dniliiply  each 
specific  gravity-number  into  the  weight  of  the  other  body,  and  add  the  two  pitjduets 
together  for  a  denominator.  The  quotient  obtained  by  dividing  the  said  numerator  by 
the  denominator,  is  the  truly  computetl  mean  specific  gravity  of  the  alloy.  On  com- 
paring  with  that  density,  the  density  found  by  experiment,  we  shnll  see  whether  expan- 
sion or  condensation  of  volume  has  attended  the  metallic  combination.  Gold  having  a 
specific  gravity  of  19*36,  and  copper  of  8*87,  when  they  are  alloyed  in  equal  weights,  give, 

•  iq*'?<5  _4_  H*R7 

by  the  fallacious  nue  of  the  arithmetical  mean  of  the  densities  '  ]4*11  • 

whereas  the  rightly  computed  mean  density  is  only  12*16.  It  is  evident  that,  on  com- 
paring the  first  result  v^ith  experiment,  we  should  be  led  to  infer  that  there  had  been  a 
prodigious  condensation  of  volume,  though  expansion  has  actually  taken  place.  Let 
W,  w  be  the  two  weights ;  P,  p  the  two  specific  gravities,  then  M,  the  mean  specific 
gravity,  is  given  by  the  formula — 

(W  +  w)  Pp  (P-p)«  . 

M  =  -=;  ;  r:.—  ::  2  A  =  —  •—   -  =  tWJCC 

Pw  +  pW  P  -I-  p 

the  error  of  the  arithmetical  mean  ;  which  is  therefore  always  in  excess. 

ALMOND.  (»4mandey  Fr. ;  Mandely  Germ.)  There  arc  two  kinds  of  almond  whidi 
do  not  differ  in  chemical  composition,  only  that  the  bitter,  by  some  mysterious  re-action 
of  its  constituents,  generates  in  the  act  of  distillation  a  quantity  of  a  volatile  oil,  which 
contains  hydrocyanic  acid.  Vogel  obtained  from  bitter  almonds  8*5  per  cent,  of  husks. 
AAer  pounding  the  kernels,  and  heating  them  to  coagulate  the  albumen,  he  procured, 
by  expression,  28  parts  of  an  unctuous  oil,  which  did  not  contain  the  'smallest  particle 

hydrocyanic  acid.  The  wh^le  of  the  oil  could  not  be  extracted  in  this  way.  The 
expressed  mass,  treated  with  boiling  water,  afforded  sugar  and  gum,  and,  in  consequence 
of  the  heat,  some  of  that  acid.  The  sugar  constitutes  6*5  per  cent,  and  the  sum  3.  The 
vegetable  albumen  extracted,  by  means  of  caustic  potash,  amounted  to  30  parts :  the 
vegetable  fibre  to  only  5.  The  poisonous  aromatic  oil,  acconling  to  Robiquet  and  Bon- 
tron-Charlard,  does  not  exist  ready-formed  in  the  bitter  almond,  but  seems  to  be  produced 
nader  the  infiuence  of  ebullition  with  water.  These  chemists  have  shown  that  bitter  al- 
monds deprived  of  their  unctuous  oil  by  the  press,  when  treated  first  by  alcohol,  and  then 
by  water,  afford  to  neither  of  these  liquids  any  volatile  oil.  But  alcohol  dissolves  out  a 
peculiar  white  crystalline  body,  without  smell,  of  a  sweetish  taste  at  first,  and  afterwards 
bitter,  to  which  they  gave  the  name  of  amygdaline.  This  substance  does  not  seem  con- 
vertible into  volatile  oil. 

Sweet  almonds,  by  the  analysis  of  Boullay,  consist  of  54  parts  of  the  bland  almond  oU, 
6  of  uncr)-sta]lizBble  sugar,  3  of  gum,  24  of  vegetable  albumen,  24  of  woody  fibre,  5  of 
•hutkBf  3*5  of  water,  0*5  of  acetic  acid,  including  loss.  We  thus  see  that  sweet  almonds 
contain  nearly  twice  as  much  oil  as  bitter  almonds  do. 

ALMOND  OIL.  A  bland  fixed  oil,  obtained  usually  from  bitter  almonds  by  the  ae- 
tmn  of  a  hydraulic  press,  either  in  the  coU,  or  aided  by  hot  iron  plates.   See  Oil. 
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ALOR.  A  series  .of  trials  has  been  made  within  a  few  years  at  Paris  to  aneertain  fha 
ooferatiTe  strength  of  cables  made  of  hemp  and  of  the  aloe  from  Algiers ;  and  they 
are  laid  to  have  all  tamed  to  the  advantasre  of  the  aloe.  Of  cables  of  equal  size,  that 
nde  of  aloe  raised  a  weis[ht  of  2,000  kilogrammes  (2  tons  nearly);  that  made  of  hemp, 
iTfi.'ht  of  only  400  kilogrammes.  At  the  exposition  of  objects  of  national  industry, 
tvDvmn  ago,  in  Brussels,  I  saw  aloe  cordage  placarded,  as  being  far  preferable  to  hempen. 
See  Rdik. 

ALU  DEL.  A  pear-shaped  vessel  open  at  either  end,  of  which  a  series  are  joined 
ftrdiMilling  mercury  in  Spain.   See  Mercury. 

ALUM.  (MuMj  Fr. ;  jilaum,  Germ.)  A  saline  body,  consisting  of  the  earth  of  clay, 
aDed  alomina  by  the  chemists,  combined  with  sulphuric  acid  and  potash,  or  sulphuric 
add  and  ammonia,  into  a  triple  compound.  It  occurs  in  the  crystallized  form  of  octahe- 
droQt,  has  an  acerb  subacid  taste,  and  reddens  the  blue  color  of  litmus  or  red  cabbage. 

Ahun  works  existed  many  centuries  ago  at  Roccha.  formerly  called  Edessa,  in  Syria, 
vheicf  the  ancient  name  of  Roch  alum  given  to  this  salt.  It  was  afterwards  made  at 
F171  Nora,  near  Smyrna,  and  in  the  neighborhood  of  Constantinople.  The  Genoese, 
aad  oihfr  trading  people  of  Italy,  imported  alum  from  these  places  into  western  Europe, 
far  the  use  of  the  dyers  of  red  cloth.  About  the  middle  of  the  fifteenth  century,  alum  bes^ 
to  he  manufactured  at  La  Tolfa,  Vitcrbo,  and  Volaterra,  in  Italy;  aAer  which  time  the 
iainlatioD  of  oriental  alum  ^i-as  prohibited  by  the  pope,  as  detrimental  to  the  interests 
«f  his  dominions.  The  manufnctorc  of  this  salt  was  extended  to  Germany  at  the  begin- 
Wf  of  the  sixteenth  century,  and  to  Engknd  at  a  somewhat  later  period,  by  Sir 
ThoBu  Chaloner,  in  the  reign  of  Elizabeth.  In  its  pure  state,  it  does  not  seem  to  have 
befB  known  to  the  ancients ;  for  Pliny,  in  speaking  of  something  like  plumose  alum, 
ajf,  that  it  struck  a  bkick  color  with  pomegranate  juice,  which  shows  that  the  green 
Tiiriol  was  not  separated  from  it.  The  xtypteria  of  Dioscorides,  and  the  alumtn  of 
Miay.  eomprt>hcnded,  apparently,  a  variety  of  saline  substances,  of  which  sulphate  of 
iroB.  as  well  as  alumina,  was  probably  a  constituent  part.  Pliny,  indeed,  says,  that  a 
nhMaace  called  in  Greek  *Yy»a,  or  watery,  probably  from  its  very  soluble  nature,  which 
ni  milk-white,  was  used  for  dyeing  wool  of  bright  colors.  This  may  have  been  the 
Booataia  butter  of  the  German  mineralogists,  which  is  a  native  sulphate  of  alumina,  of 
a  loft  texture,  waxy  lustre,  and  unctuous  to  the  touch. 

The  only  alum  manufactories  now  worked  in  Great  Britain,  are  those  of  Whitby,  in 
Eofdaad,  and  of  Hnriett  and  Campsie,  near  Glasgow,  in  Scotland ;  and  these  derive  the 
add  and  earthy  constituents  of  the  salt  from  a  mineral  called  alum  slate.  This  mineral 
hat  a  blneish  or  rreenish-black  color,  emits  sulphurous  fumes  when  heated,  and  acquires 
iherehjr  an  aluminous  taste.  The  alum  manufactured  in  Great  Britain  contains  potash 
ai  iti  alkaline  constituent ;  that  made  in  France  contains,  commonly,  ammonia,  either 
aloae,  or  with  variable  quantities  of  potash.  Alum  may  in  general  be  examined  by  water 
cf  anmonia,  which  separates  from  its  watery  solutions  its  earthy  basis,  in  the  form  of  a 
hsht  fluoculent  precipitate.  If  the  solution  be  dilute,  this  precipitate  will  float  long  as 
as  opalescent  dood. 

If  ve  dissolve  alum  in  20  parts  of  water,  and  drop  this  solution  slowly  into  water  or 
caoftir  ammonia  till  this  be  nearly,  but  not  entirely,  saturated,  a  bulky  white  precipitate 
vffl  fidl  down,  which,  when  properly  washed  with  water,  .is  pure  aluminous  eaith  *or 
day,  and  dried  forms  10*S2  per  cent,  of  the  weight  of  the  alum.  If  this  earth,  while 
idi  Boist,  be  dissolved  in  dilute  sulphuric  acid,  it  will  constitute,  when  as  neutral 
■i  poanble,  the  sulphate  of  alumina,  which  requires  only  two  parts  of  cold  water  for  ita 
■oiition.  If  we  now  decompose  this  solution,  by  pouring  into  it  water  of  ammonia, 
there  appemrs  an  insoluble  white  powder,  which  is  subsulphate  of  alumina,  or  basic  alum; 
ni  contains  three  times  as  much  earth  as  exists  in  the  neutral  sulphate.  If,  however, 
«e  pour  into  the  solution  of  the  neutral  sulphate  of  alumina  a  •solution  of  sulphate  of 
poiuh,  a  white  powder  will  fall  if  the  solutions  be  concentrated,  which  is  true  alum ;  bnt 
if  the  solnttons  be  dilute,  by  evaporating  their  mixture,  and  cooling  it,  crystals  of  alum 
«1  be  obtained. 

When  newly  precipitated  alumina  is  boiled  in  a  solution  of  alum,  a  portion  of  the 
•arth  eaten  into  combination  with  the  salt,  constituting  an  insoluble  compound,  which 
tti  in  the  fonn  of  a  white  powder.  The  same  combination  takes  place,  if  we  decom- 
paK  a  boilinf  hot  solution  of  alnm  with  a  solution  of  potash,  till  the  mixture  appean 
•aviy  neotnl  by  litmus  paper.  This  insoluble  or  basic  alum  exists  native  in  the 
■ha  Huue  of  Tolfa.  near  Civita  Yeechia,  and  it  consists  in  100  parU  of  19*72  parts  of 
«lphrte  of  potash,  61-99  basic  sulphate  of  alumma,  and  ]8'29  water.  When  thk 
"heial  is  treated  with  a  due  quantity  of  sulphuric  add,  it  dissolves,  and  is  converted 
■la  the  crystnOiable  alnm  of  commerce. 

These  experimental  facts  develop  the  principles  of  the  manufacture  of  alnm,  whieb 
iiimealfld  ander  various  modifications,  tor  its  important  uses  in  the  arts.  Ahun 
"mm MM  mdy-fijnned  in  antnre;  oeeanoonliy,  as  an  elBorcicaKe  on         wi  1m 
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certain  mineral  waters  in  the  East  Indies.  The  alum  of  European  commerce  is  fabricated 
artificially,  either  from  the  alum  schists  or  stones,  or  from  clay.  The  uKxie  of  manufactnie 
differs  according  to  the  nature  of  these  earthy  compounds  Some  of  them,  such  as  the 
alum-stone,  contain  all  the  elements  of  the  salt,  but  mixed  with  other  matters  from 
which  it  must  be  freed.  The  schists  contain  only  the  elements  of  two  of  the  constituents, 
namely,  clay  and  sulphur,  which  are  convertible  into  sulphate  of  alumina,  and  this  may 
be  then  made  into  alum  by  adding  the  alkaline  ingredient.  To  this  class  belong  the 
alum  slates,  and  other  analogous  schists,  containing  brown  coal. 

1.  Manufacture  of  Mum  from  the  Mum  Stone, — The  alum-stone  is  a  rare  mineral,  being 
found  in  moderate  quantity  at  Tolfa,  and  in  larger  in  Hungary,  at  Bereghszasz,  and  Mus- 
zag,  where  it  forms  entire  beds  in  a  hard  substance,  partly  diaracterized  by  numerous 
cavities,  containing  drusy  cr>'stalIizations  of  alum-stone  or  basic  alum.  The  larger 
lumps  contain  more  or  fewer  flints  d^eminated  through  them,  and  are,  according  to 
their  quality,  either  picked  out  to  make  alum,  or  arc  thrown  away.  The  sorted  pieces 
are  roasted  or  calcined,  by  which  operation  apparently  the  hydrate  of  alumina,  associated 
with  the  sulphate  of  alumina,  loses  its  water,  and,  as  burnt  clay,  loses  its  affinity  Ccr 
ahun.  It  becomes,  therefore,  free ;  and  during  the  subsequent  exposure  to  the  weather 
the  stone  gets  disintegrated,  lind  the  alum  becomes  soluble  in  water. 

The  calcination  is  performed  in  common  lime-kilns  in  the  ordinary  way.  In  the 
regulation  of  the  fire  it  is  requisite,  here,  as  with  g}'psnm,  to  prevent  any  fusion  or 
running  together  of  the  stones,  or  even  any  disenfjagement  of  sulphuric  or  sulphurous 
acids,  which  would  cause  a  corresponding  defalcation  in  the  product  of  alum.  For  this 
reason  the  contact  of  the  ignited  stones  with  carbonaceous  matter  ought  to  be  avoided. 

The  calcined  alum-stones,  piled  in  heaps  from  2  to  3  feet  high,  are  to  be  exposed  to 
the  weather,  and  meanwhile  they  must  be  continually  kept  moist  by  sprinkling  them 
with  water.  As  the  water  combines  with  the  ahun  the  stones  crumble  down,  and  fall, 
eventually,  into  a  pasty  mass,  which  must  be  lixiviated  with  warm  water,  and  aUowed  to 
settle  in  a  large  cistern.  The  clear  supernatant  liquor,  being  drawn  off,  mast  be 
evaporated,  and  then  crystallized.  A  second  crystallization  finishes  the  process,  and  fur- 
nishes a  marketable  alum.  Thus  the  Roman  alum  is  made,  which  is  covered  with  a 
fine  red  film  of  peroxyde  of  iron. 

2.  Mum  Manvfaaure  from  Mum  Schist. — The  greater  portion  of  the  alum  found  in 
British  commerce  is  made  from  alum-slate  and  analogous  minerals.  This  slate  contains 
more  or  less  iron  p>Tiles,  mixed  with  coaly  or  bitiuninous  matter,  which  is  occasionally 
so  abundant  as  to  render  them  sonl8wha^  combustible.  In  the  strata  of  brown  coa)  and 
bituminous  wood,  where  the  upperlayers  lie  immediately  under  clay  beds,  they  consist 
of  the  coaly  substance  rendered  impure  with  clay  and  pyrites.  This  triple  mixture 
constitutes  the  essence  of  all  good  alum  schists,  and  it  operates  spontaneously  towards 
the  production  of  sulphate  of  alumina.  The  coal  serves  to  make  the  texture  open,  and 
to  allow  the  air  and  moisture  to  penetrate  freely,  and  to  change  the  sulphur  and  irdn  pre- 
sent into  acid  and  oxyde.  Wheft  these  schists  are  exposed  to  a  high  temperature  in 
contact  with  air,  the  pyrites  loses  one  half  of  its  sulphur,  in  the  form  of  sublimed 
sulphur  or  silphurous  aeid,  and  becomes  a  black  sulphuret  of  iron,  which  speedily 
attracts  oxygen,  and  changes  to  sulphate  of  Iron,  or  green  vitriol.  The  brown  coal  schists 
contain,  commonly,  some  g^een  vitriol  crystals,  spontaneously  formed  in  them.  The 
sulphate  of  iron  transfers  its  acid  to  the  clay,  progressively,  ns  the  iron,  by  the  action 
of  the  air  with  a  little  eleyation  of  temperature,  becomes  peroxydized  ;  whereby  sulphate 
of  alumina  is  produced.  -  A  portion  of  the  green  vitriol  remains,  however,  undecomposed, 
and  80  much  the  more  as  there  may  happen  to  be  less  of  other  salifiable  bases  present  id 
the  day  slate.  Should  a  lit|le  magnesia  or  lime  be  present,  the  vitriol  gets  more 
completely  decomposed,  and  a  portion  of  Kpsom  salt  and  gypsum  is  produced. 

The  manufaMure  of  alum  from  alum  schists  may  be  distributed  under  the  six  following 
heads: — I.  The  preparation  of  the  ahim  slate.  2.  The  lixivialion  of  the  slate.  3.  The 
evaporation  of  the  lixivium.  4.  The  addition  of  the  saline  ingredients,  or  the  pre- 
cipitation of  the  alum.  ^  6.  The  washing  of  the  aluminous  salts ;  and,  6.  The  crys 
tallixation. 

1.  Preparation  of  the  Mum  SJate, — Some  alum  slates  are  of  such  a  nature  that, 
being  piled  in  heaps  in  the  open  air,  and  moistened  from  time  to  time,  they  get  spoo* 
taaeously  hot,  and  by  degrees  fall  into  a  pulverulent  mass,  ready  to  be  lixiviated.  The 
greater  part,  however,  require  the  process  of  ustulation,  from  which  they  derive  mtaiy 
advantages.  The  cohesion  of  the  dense  slates  is  thereby  so  much  impaired  that  their  de- 
composition becomes  more  rapkl ;  the  decomposition  of  the  pyrites  is  quidcencd  by  tlie 
expulsion  of  a  portion  of  the  sulphur;  and  the  ready-formed  green  vitriol  is  partly 
decomposed  by  the  heat,  with  a  transference  of  its  sulphuric  add  to  the  day,  and 
the  production  of  sulphate  of  alumina. 

Such  alum-slates  as  contain  too  little  bitumen  or  coal  for  the  roasting  process  must  be 
mtentratifieA  with  layers  of  small  coal  or  hnuhwood  over  an  extensive  soiface.  Ai 
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Wkitbf  the  ilnm  rock,  broken  into  small  pieces,  is  laid  upon  a  horizontal  bed  of  fuel, 
(wpoied  of  bnishwood ;  bat  at  Hurlett  smnll  coal  is  chiefly  used  for  the  lower  bed. 
Wkes  iboot  lour  feet  of  the  rock  is  piled  on,  fire  is  set  to  the  bottom  in  various  parts ;  and 
wbeserer  the  mass     fairly  kindled,  more  rock  is  placed  over  the  top.    At  Whitby  this 
^lis^  process  is  continued  till  the  calcinin?  heap  is  raised  to  the  height  of  90  or  100  feet. 
The  korixoatal  area  is  also  augmented  ot  the  same  time  till  it  forms  a  preat  bed  nearly 
3W  feet  ffiuare,  having  therefore  aboat  100,000  yards  of  solid  measurement.    The  ra- 
pidity of  the  combustion  is  tempered  by  plastering  up  the  crevices  with  smail  schist 
MMe&ed.   When  such  an  immense  mass  is  inflamed,  the  heat  is  sure  to  rise  too  high, 
nd  at  immense  waste  of  sulphur  and  sulphuric  ncid  must  ensue.   This  evil  has  been 
■oiieed  at  the  Whitby  works.    At  Hurlett  the  height  to  which  the  heap  is  piled  is  only 
afetrfeet,  while  the  horizontal  area  is  expanded;  which  is  a  much  more  judicious  ar- 
msroienL  AC  Whitby  130  tons  of  calcined  schist  produce  on  an  average  ]  ton  of  alum, 
lathis  humid  climate  it  would  be  advisable  to  pile  up  on  the  topof  the  horizontal  strata 
of  brushwood  or  coal,  and  schist,  a  pyramidal  mass  of  schist,  which  having  its  surface 
plutercd  smooth,  with  only  a  few  air-holes,  will  protect  the  mass  from  the  rains,  and  at 
themiie  time  prevent  the  combustion  from  becoming  too  vehement.   Should  liea\7  rains 
fspenrene,  a  flutter  must  be  scoo)>ed  out  round  the  pile  for  deceiving  the  aluminous  lixi- 
rism,  and  eondacting  it  into  the  reservoir. 
It  nay  be  observed,  that  certain  alum  schists  contain  abundance  of  combustible  matter, 
keep  np  a  saitable  calcining  heat  aAer  the  fire  is  once  kindled ;  and  therefore  nothing 
ii  seeded  but  the  first  layer  of  brushwood,  which,  in  this  case,  may  be  laid  over  the  first 
bed  of  the  biinminous  schist. 

A  continual,  but  very  slow  heat,  with  a  smothered  fire,  is  most  beneficial  for  the 
QftoJatKMi  of  idam  slate.  When  the  fire  is  too  brisk,  the  sulphnret  of  iron  may  mn 
vith  the  earthy  matters  into  a  species  of  sin?,  or  the  sulphur  will  be  dissipated  in  vapor, 
bf  both  of  which  accidents  the  product  of  alum  will  be  impaired.  Those  bituminont 
•fam  schists  which  have  been  used  as  fuel  under  steam  boilers  have  sufifered  such  a 
rioleot  combustion  that  their  ashes  yield  almost  no  alum.  Even  the  be>t  regulated 
eaidning  piles  are  apt  to  burn  too  briskly  in  high  winds,  and  should  have  their  draught- 
boles  carefully  stopped  nnder  such  circumstances.  It  may  be  laid  down  as  a  general 
rale,  ilMt  the  slower  the  combustion  the  richer  the  roasted  ore  will  be  in  sulphate  of 
alaniaa.  When  the  calcination  is  complete,  the  heap  diminishes  to  one  half  its  original 
hoik ;  it  is  covered  with  a  light  reddish  ash,  and  is  open  and  porous  in  the  interior,  so 
that  the  air  can  circulat*;  freely  throughout  th«  masf.  To  favor  thi<  access  of  air,  the 
■asses  sliouid  not  be  too  lofty ;  and  in  dry  weather  a  little  water  should  be  occasionally 
sprittkleJ  on  them,  which,  by  dissolving  away  some  of  the  saline  matter,  will  make  the 
iaieriar  more  open  to  the  atmosphere. 

Whro  the  calieined  mineral  becomes  thorousrhly  cold,  we  may  proceed  to  the  lixiviation. 
Bai  as,  from  the  first  construction  of  the  piles  or  beds  till  their  complete  calcination. 
May  weeks,  or  even  months,  may  elapse,  care  ought  to  be  taken  to  provide  a  sufiUcient 
aamber  or  extent  of  them,  to  as  to  have  an  adequate  supply  of  material  for  carry  ing  on 
the  lixiviaiing  and  crystallizing  processes  during  the  course  of  the  year,  or  at  least  during 
the  sifTerity  of  the  winter  season,  when  the  calcination  may  be  suspended,  and  the 
hxiviolion  becomes  unsatisfactory  The  beds  are  known  to  be  sufficiently  decomposed 
br  the  efllkMTscenee  of  the  salt  which  appears  upon  the  stone.<i,  from  the  strnn<jr  aluminoos 
tante  of  the  ashes,  and  from  the  appropriate  chemical  test  of  lixiviatin?  an  nli'iuot  average 
pivtioo  of  the  mass,  and  seeing  how  much  alum  it  will  yield  to  solution  of  muriate  or 
ttl^hate  of  potash. 

2.  Tke  Lieivialiotu — ^The  lixiviation  is  best  performed  in  stone-built  cisterns ;  those  of 
md,  h«»wever  strong  at  first,  are  soon  decomposed,  and  need  repairs.  They  ought  to  be 
erected  ia  the  neighborhood  of  the  calcining  heaps,  to  save  the  labor  of  trnnVport,  and  so  ar- 
laaicd  that  the  solutions  from  the  higher  cisterns  may  spontaneously  flow  into  the  lower, 
la  this  point  of  view,  a  sloping  terrace  is  the  best  situation  for  an  alum  work.  In  the 
bveat  paft  of  this  terrace,  and  in  the  neighborhood  of  tiie  boiling-house,  there  ought 
ts  he  two  or  more  large  deep  uinks,  for  holdini;  the  crude  lixivium,  and  they  should  be 
praiected  froas  the  tain  by  a  proper  shed.  Upon  a  somewhat  hisher  level  the  cisterns 
<f  the  dear  lixiviam  may  be  placed.  Into  the  hisbest  range  of  cisterns  the  calcined 
Meral  b  to  be  pat,  taking  care  to  lay  the  largest  lumps  at  the  bottom,  and  to  cover 
thm  with  lighter  ashes.  A  suflicient  quantity  of  water  is  now  to  be  run  over  it,  and 
•Oswcd  lo  rest  for  some  time.  The  lixivium  may  then  be  drawn  o(f,  by  a  stopcock 
ramrtid  with  a  pipe  at  the  bottom  of  the  cistern,  and  run  into  another  cistern  at  a 
—I  what  lower  level.  Fresh  water  must  now  be  poured  on  the  partly  exhaoated 
iririri,  aad  allowed  to  remain  for  a  suflScient  time.  This  lixivium,  being  weak,  should 
be  raa  off  iato  a  separate  tank.  In  some  cases  a  third  addition  of  fresh  water  may  ha 
mftkMn,  ui  the  weak  lixiTian  whkh  is  drawn  off  may  be  reserved  for  a  fVeih  porUoa 
^ mUrnti  mimanL  la  order  to  save  evaporation,  it  is  always  requisite  to  streagthen  weak 
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Ic78  by  employing  them  instead  of  water  for  fresh  portions  of  calcined  schist.  Upon  the 
ingenious  disposition  and  form  of  these  lixiviating  cisterns  much  of  the  economy  and  iiie- 
cess  of  an  alum  work  depend.  The  hydrometer  should  be  always  used  to  determine  the 
degree  of  concentration  which  the  solutions  acquire. 

The  lixiviated  stone,  bcins  thus  exhausted  of  its  soluble  ingredients,  is  to  be  reroored 
from  the  cisterns,  and  piled  up  in  a  heap  in  any  convenient  place,  where  it  may  be  left 
either  spontaneously  to  decompose,  or,  aher  drying,  may  be  subjected  to  another  caki- 
nation. 

The  density  of  the  solution  may  be  brought,  upon  an  average,  up  to  the  sp.  gr.  of 
fh)m  1*09  to  1*15.  The  latter  density  may  always  be  obtained  by  pumping  op  the  weak- 
er solutions  upon  fresh  calcined  mine.  This  strong  liquor  is  then  drawn  off,  when  the 
sulphate  of  lime,  the  oxyde  of  iron,  and  the  earths  are  deposited.  It  is  of  advantage  to 
leave  the  liquor  exposed  for  some  time,  whereby  the  green  vitriol  may  pass  into  a  per- 
sulphate of  iron  with  the  deposition  of  some  oxyde,  while  the  liberated  acid  may  combine 
with  some  of  the  clay  present,  so  as  to  increase  the  quantity  of  sulphate  of  alumina. 
The  manufacture  of  idum  is  the  more  imperfect,  as  the  quantity  of  sulphate  of  iron  left 
andecomposed  is  greater,  and  therefore  every  expedient  ought  to  be  tried  to  convert  the 
sulphate  of  iron  into  sulphate  of  alumina. 

3.  The  evaporation  of  ike  Schist  Lixivium, — As  the  aluminous  liquors,  however 
well  settled  at  first,  are  apt,  on  the  great  scale,  to  deposite  earthy  matters  in  the  course 
of  their  concentration  by  heat,  they  are  best  evaporated  by  a  surface  fire,  such  as 
that  employed  at  Hurlett  and  Campsie.  A  water-tight  stone  cistern  must  be  buih, 
having  a  layer  of  well  rammed  clay  behind  the  flags  or  tiles  which  line  its  bottom 
and  sides.  This  cistern  may  be  4  or  6  feet  wide,  2  or  3  feet  deep,  and  30  or  40 
feet  long,  and  it  is  covered  in  by  an  arch  of  stone  or  brickwork.  At  one  extremity  of 
this  tunnel,  or  covered  canal,  a  fire-grate  is  set,  and  at  the  other  a  lofty  chimney 
is  erected.  The  cistern  being  filled  to  the  brim  with  the  alum  ley,  a  straif  il^>> 
kindled  in  the  reverberatory  grate,  and  the  flame  and  hot  air  are  forced  to  8Vee|i^-tiobg 
the  surface  of  the  liquor,  so  as  to  keep  it  in  constant  ebullition,  and  to  canty  off  the 
aqneous  parts  in  vapor.  The  soot  which  is  condensed  in  the  process  falls  to  the  bottcm^ 
and  leaves  the  body  of  the  liquor  clear.  As  the  concentration  goes  on,  more  of  the 
rough  lixivium  is  run  in  from  the  settling  cistern,  placed  on  a  somewhat  higher  level,  till 
the  whole  gets  charged  with  a  clear  liquor  of  a  specific  gravity  sufificiently  high  for  trans- 
ferring into  the  proper  lead  boilers. 

At  Whitby,  the  lead  pans  are  10  feet  k>ng,  4  feet  9  inches  wide,  2  feet  2  inches  deep 
at  the  one  end,  and  2  feet  8  inches  deep  at  the  other.  This  increase  of  depth  and  cor- 
responding slope  facilitates  the  decantation  of  the  concentrated  lixivium  by  means  of 
a  syphon,  applied  at  the  lower  end.  The  bottom  of  the  pan  is  supported  by  a  series  frf* 
parallel  iron  bars,  placed  very  near  each  other.  In  these  lead  pans  the  liquor  is  concen- 
trated, at  a  brisk  boiling  heat,  by  means  of  the  fiame  of  a  flue  beneath  them.  Every 
morning  the  pans  are  emptied  into  a  settling  cistern  of  stone  or  lead.  The  specific  gra- 
vity of  the  liquor  should  be  about  1*4  or  1*5,  bein?  a  saturated  solution  of  the  saline  mat- 
ters present.  The  proper  degree  of  density  must  vary,  however,  with  different  kinds  of 
lixivia,  and  according  to  the  different  views  of  the  manufacturer.  For  a  liqnor  whieh 
consists  of  two  parts  of  sulphate  of  alumma,  and  one  part  of  sulphate  of  iron,  a  specific 
gravity  of  1*25  may  be  sufficient ;  but  for  a  solution  which  contains  two  parts  of  snlphate 
of  iron  to  one  of  sulphate  of  alumina,  so  that  the  green  vitriol  must  be  withdrawn  first  ct 
all  by  crystallization,  a  specific  gravity  of  1*4  may  be  requisite. 

The  construction  of  an  evaporating  furnace  well  adapted  to  the  concentration  of  alv* 
minous  and  other  crude  lixivia,  is  described  under  Soda.  The  liquor  basin  may  be  made 
of  tiles  or  flags  puddled  in  day,  and  secured  at  the  seams  with  a  good  hydraulic  cemeiit. 
A  mortar  made  of  quicklime  mixed  with  the  exhausted  schist  in  powder,  and  iron  tam- 
ings,  is  said  to  answer  well  for  this  purpose.  Sometimes  over  the  reverberatory  fnnace 
a  flat  pan  is  laid,  instead  of  the  arched  top,  into  which  the  crude  liquor  is  put  for  aeii- 
tralization  and  partial  concentration.  In  Germany,  such  a  pan  is  made  of  copper,  because 
iron  would  waste  too  fast,  and  lead  would  be  apt  to  melt.  From  this  preparation  basin 
the  under  evaporating  trough  is  gradually  supplied  with  hot  liquor.  At  one  side  of  this 
lower  trough  there  is  sometimes  a  door,  through  which  the  sediment  may  be  raked  out 
as  it  accumulates  upon  the  bottom.  Such  a  contri^'ance  is  convenient  for  this  mode  of 
evaporation,  and  it  permits,  also,  any  repairs  to  be  readily  made ;  but,  indeed,  an  appa- 
ratus of  this  kind,  well  mounted  at  first,  will  serve  for  many  years. 

In  the  course  of  the  final  concentration  of  the  liquors,  it  is  customary  to  add  seme  of 
the  mother  waters  of  a  former  process,  the  quantity  of  which  must  be  regulated  bjr  ft 
OToper  analysis  and  knowledge  of  their  contents.  If  these  mother  waters  contain  miA 
see  sulphuric  acid,  from  the  peroxydation  of  their  sulphate  of  iron,  they  may  prove  mselU 
in  dissolving  a  portion  of  the  alumina  of  the  sediment  which  is  always  present  in  grcato^ 
«r  less  quantity. 


ALUM. 


43 


4.  TkM  pneqritaium  of  the  Alum  by  adding  Jtlkalint  SalU. — As  a  general  role,  it  ii 
most  adyantageoas  to  separate,  first  of  all,  from  ihe  concentrated  clear  liquors,  the  alam 
in  the  state  of  powder  or  small  crystals,  by  addition  of  the  proper  alkaline  matter,  and 
CO  leave  the  mingled  furei^n  salts,  such  as  the  sulphate  of  iron  or  mas^nesia,  in  solution, 
uutead  of  tryini?  to  abstract  these  salts  by  a  previous  crystallizntinn.  In  this  way  we 
not  only  simplify  and  accelerate  the  manufacture  of  alum,  and  leave  the  mother  waters 
Zo  be  worked  up  at  any  convenient  season,  but  we  also  avoid  the  risk  of  withdrawing 
ainy  of  the  sulphate  of  alumina  with  the  sulphate  of  iron  or  ma?ncsia.  On  this  account) 
The  eoncentration  of  the  liquor  ought  not  to  be  pushed  so  far  as  that,  when  it  ^ts  cold, 
at  should  throw  out  crystals,  but  merely  to  the  verge  of  this  point.  This  density  may  be 
cietermined  by  suitable  experiments. 

The  clear  liquor  should  now  be  run  off  into  the  precipitation  cistern,  and  have  the 
^proper  quantity  of  sulphate  or  muriate  of  potash,  or  impure  sulphate  or  carbonate  of 
wnmonia  added  to  it.   The  sulphate  of  potash,  which  is  the  best  precipitant,  forms  18-34 
parts  out  of  100  of  crystallized  alum;  and  therefore  that  quantity  of  it,  or  its  equivalent 
an  moriate  of  potash,  or  other  potash  or  ammoniacal  salts,  must  be  introduced  into  the 
flilumioous  liquor.    Since  sulphate  of  potash  tnkes  10  parts  of  cold  water  to  dissolve  it, 
ftiut  is  much  more  soluble  in  boiline  water,  and  since  the  precipitation  of  alum  is  more 
aabundant  the  more  concentrated  the  mingled  solutions  are,  it  would  be  prudent  to  add 
'Khe  sulphate  solution  as  hot  as  may  be  convenient ;  but,  as  muriate  of  potash  is  folly 
mbree  times  more  soluble  in  coU  water,  it  is  to  be  preferred  as  a  precipitant,  when  it  can 
fce  procured  at  a  cheap  rate.   It  has,  also,  the  advantage  of  decomposing  the  sulphate  of 
aron  present  into  a  muriate,  a  salt  very  dilficult  uf  crystallization,  and,  therefore,  less 
sipt  to  crmtaminate  the  crystals  of  alum.    The  quantity  of  alkaline  salts  requisite  to 
precipitate  the  alum,  in  a  granular  powder,  from  the  lixivium,  depends  on  their  rich- 
ness in  potash  or  ammonia,  on  the  one  hand,  and  on  the  richness  of  the  liquors  in 
^olpbate  of  alumina  on  the  other ;  and  it  must  be  ascertained,  for  each  lar?e  quantity  of 
pnHl^ek  ftf  a  preliminary  experiment  in  a  precipitation  glass.    Here,  an  aliquot  tiieasnre 
Gf  the  suiminous  liquor  being  taken,  the  liquid  precipitant  must  be  added  in  successive 
portions  as  long  as  it  causes  any  cloud,  when  the  quantity  added  will  be  indicated  by 
«.he  graduation  of  the  vessel.    A  very  exact  approximation  is  not  practicable  upon  the 
^reat  scale ;  but,  as  the  mother  waters  arc  afterwards  mixed  together  in  one  cistern,  any 
excess  of  the  precipitant,  at  one  time,  is  corrected  by  excess  of  aluminous  sulphate  at 
another,  and  the  resulting  alum  meal  is  collected  at  the  bottom.    When  the  precipitat- 
^  saline  powder  is  thoroughly  settled  and  cooled,  the  supernatant  mother  water  must 
l)e  drawn  off  by  a  pump,  or  rather  a  syphnn  or  stopcock,  into  a  lower  cistern.  The 
anorc  completely  this  drainage  is  effected,  the  more  easily  and  completely  will  the  alum 
'he  purified. 

This  mother  liquor  has,  generally,  a  specific  gravity  of  1*4  at  a  medium  temperature 
«f  the  atmosphere,  and  consists  of  a  satnrated  s(dution  of  sulphate  or  muriate  of  Mack 
and  red  oxyde  of  iron,  with  sulphate  of  magnesia,  in  certain  localities,  and  muriate  of 
«oda,  when  the  soaper's  salt  has  been  used  as  a  precipitant,  as  also  a  saturated  solution 
of  sulphate  of  alumina.  By  adding  some  of  it,  from  time  to  time,  to  the  fresh  lixivia,  a 
portion  of  that  sulphate  is  converted  into  alum ;  but,  eventually,  the  mother  water  must 
be  evaporated,  so  as  to  obtain  from  it  a  crop  of  ferruginous  pr>'stals;  aOer  which- it  be- 
comes capable,  once  more,  of  giving  up  its  alum  to  the  alkaline  precipiiants. 

When  the  aluminous  lixivia  contain  a  «reat  deal  of  sulphate  of  iron,  it  may  be  good 
policy  to  withdraw  a  portion  of  it  by  crystallization  before  precipitating  the  alum.  With 
this  view,  the  liquors  must  be  evaporated  to  the  density  of  1*4,  and  then  run  off  into 
cryitallizins;  stone  cisterns.    AAer  the  green  vitriol  has  concreted,  the  liquor  should  be 
pumped  back  into  the  evaporating  pan,  and  ai^ain  brought  to  the  density  of  l*-4.  On 
adding  to  it,  now,  the  alkaline  precipitants,  the  alum  will  fall  down  from  thi<«  concentrat- 
ed solution,  in  a  very  minute  crystalline  powder,  very  easy  to  wash  and  purify.    But  this 
oetbod  requires  more  vessels  and  manipulation  than  the  preceding,  and  should  only  be 
had  recourse  to  from  necessity;  since  it  compels  us  to  carry  on  the  manufacture  of  both 
tlie  ralnable  alum  and  the  lower  priced  salts  at  the  same  time ;  moreover,  the  copperas 
extracted  at  first  from  the  schist  liquors  carries  with  it,  as  we  have  saiil,  a  portion  of  the 
wlphate  of  alumina,  and  acquires  thereby  a  dull  aspect ;  whereas  the  copperas  obtained 
^  the  separation  of  the  alum  is  of  a  brilliant  appearance. 
5.  The  washing,  or  edulcwation,  of  the  Alum  Powder, — This  crystalline  pulverulent 
\        |n»ller  has  a  brownish  color,  from  the  admixture  of  the  ferruginous  liquors;  but 
nay  be  freed  from  it  by  washing  with  very  cold  water,  which  dissolves  not  more 
Una  one  sixteenth  of  its  weight  of  alum.   After  stirring  the  powder  and  the  water 
I       J^togelher,  the  former  must  be  allowed  to  settle,  and!  then  the  washing  must  be 
\       wn  off.   A  second  washini;  will  render  the  alum  nearly  pure.    The  less  water 
I      a  o&ployed,  and  the  more  effectually  it  is  drained  off,  the  more  complete  is  the 
I      Pi^itttt.  The  second  water  may  be  used  in  the  first  washing  of  another  portion  of 
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alum  powder,  in  the  place  of  pure  water.  These  washings  may  be  added  to  the  tehifi 
lixivia. 

6.  The  crysiaUizatien, — ^The  washed  alum  is  put  into  a  lead  pan,  with  just  enoujdi 
water  to  dissolve  it  at  a  boiling  heat ;  fire  is  applied,  and  the  solution  is  promoted  bj 
stirring.  Whenever  it  is  dissolved  in  a  saturated  state,  it  is  run  off  into  the  crystallizing 
vessels,  which  are  called  rocking  casks.  These  casks  are  about  five  feet  high,  three  feet 
wide  in  the  middle,  somewhat  narrower  at  the  ends ;  they  are  made  of  very  strong  staves, 
nicely  fitted  to  each  other,  and  held  together  by  strong  iron  hoops,  which  are  driven  on 
pro  tempore,  so  that  they  may  be  easily  knocked  off  again,  in  onier  to  take  the  staves 
asunder.  The  concentrated  solution,  during  its  tiiow  cooling  in  these  close  vessels,  forms 
large  regular  crystals,  which  hang  down  from  the  top,  -and  project  from  the  sides,  while 
a  thick  layer  or  cake  lines  the  whole  interior  of  the  cask.  At  the  end  of  eight  or  ten  days 
more  or  less,  acccording  to  the  weather,  the  hoops  and  staves  are  removed,  when  a  cask' 
of  apparently  solid  alum  is  disclosed  to  view.  The  workman  now  pierces  this  mass  with 
a  pickaxe  at  the  side  near  the  bottom,  and  allows  the  mother  water  of  the  interior  to  mn 
off  on  the  sloping  stone  floor  into  a  proper  cistern,  whence  it  is  taken  and  added  to  another 
quantity  of  washed  powder  to  be  crystallized  with  it.  The  alum  is  next  broken  into 
lumps,  exposed  in  a  proper  place  to  dry,  and  is  then  put  into  the  finished  bing  for  the 
market.  There  is  sometimes  a  little  insoluble  basic  alum  (subsulphate)  left  at  the  bottom 
of  the  cask.  This  being  mixed  with  the  former  mother  liquors,  gets  sulphuric  add  from 
them  ;  or,  being  mixed  with  a  little  sulphuric  acid,  it  is  equally  converted  into  alnm. 

When,  instead  of  potash  or  its  salts,  the  ammoniacal  salts  are  used,  or  putrid  urine, 
with  the  aluminous  lixivia,  ammoniacal  alum  is  produced,  which  is  perfectly  similar  to 
the  potash  alum  in  its  appearance  and  properties.  At  a  gentle  heat  both  lose  their  wa- 
ter of  crystallization,  amounting  to  45|  per  cent,  for  the  potash  alum,  and  48  for  the  am- 
moniacal. The  quantity  of  acid  is  the  same  in  both,  as,  also,  very  nearly  the  quantity  of 
alumina,  as  the  following  analyses  will  show  : — 


Potash  alum. 

Sulphate  of  potash       -      -  18*34 

Sulphate  of  alumina     -      •  36*20 

Water        ....  45*46 


100*00 


s 

Or  otherwise.  Potash  alum. 
1  atom  sulphate  of  potash   -  1089*07 
1  alumina   -  2149*80 

24  water        ....  2669*52 


5938*39 


Ammonia  alum. 

Sulphate  of  ammonia       -  -  12*88 

Sulphate  of  alumina        •  -  38*64 

Water     -      -      -      -  -  48-48 


100*00 


Ammonia  alum. 
1  atom  sulphate  of  ammonia    -  716*7 
1                        alumina  -  2149*8 
24  water   2699*5 


5566*0 


Or,  Potash  alum^ 

Alumina       -  10*82 

Potash         -  9*94 

Sulphuric  acid      -      -      •  33*77 

Water   45*47 


100*00 


Ammonia  alum. 

Alumina        ....  11*90 

Ammonia      ....  3*89 

Sulphuric  acid       ...  36*10 

Water   48*11 

100*00 


When  heated  pretty  strongly,  the  ammoniacal  alum  loses  its  sulphuric  acid  and 
ammonia,  an<i  only  the  earth  remains.  This  is  a  very  convenient  process  for  procuring 
pure  alumina.  Ammoniacal  alum  is  easily  distinguished  from  the  other  by  the  smell  of 
ammonia  which  it  exhales  when  triturated  with  quicklime.  The  Roman  alum,  made 
from  alum-stone,  possesses  most  of  the  properties  of  the  schist-made  alums,  but  it  has  a 
few  peculiar  characters :  it  crystallizes  always  in  opaque  cubes,  Whereas  the  commoii 
alum  crystallizes  in  transparent  octahedrons.  It  is  probable  that  Roman  alum  is  a 
sulphate  of  alumina  and  potash,  with  a  slight  excess  of  the  earthly  ingredient.  It  is 
permanent  when  dissolved  in  cold  water ;  for  aAer  a  slow  evaporation  it  is  recovered  in 
a  cubical  form.  But  when  it  is  dissolved  in  water  heated  to  110°  Fahr.  and  upwardSyOr 
when  its  solution  is  heated  above  this  pitch,  subsulphate  of  alumina  falls,  and  on 
evaporation  octahedral  crystals  of  common  alum  are  obtained.  Thit  exact  compositioii 
of  Ibe  Roman  alum  has  not  been  determined,  as  far  as  I  know.  It  probably  diffcn 
from  the  other  also  in  its  water  of  crystallization.  The  Roman  alum  contains,  according  to 
MM.  Thenard  and  Roard,  <mly         of  sulphate  of  iron,  while  the  common  oonunereinl 
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mlams  contaia  fdW'  ^  easily  purified  by  soluUon,  granulation,  crystallization,  and 

washing,  as  has  heen  already  explained.  . 

Alum  is  made  extensively  in  France  from  an  artificial  sulphate  of  alumina.  For  this 
porpoee  days  are  chosen  as  free  as  possible  from  carbonate  of  lime  and  oxyde  of  iron. 
They  are  calcined  in  a  revcrberatory  furnace,  in  order  to  expel  the  water,  to  peroxydize 
the  iron,  and  to  render  the  alumina  more  easily  acted  on  by  the  acid.  The  expulsion  of 
the  water  renders  the  clay  porous  and  capable  of  absorbing  the  sulphuric  acid  by 
capillary  attraction.  The  pcroxydation  of  the  iron  renders  it  less  soluble  in  the 
sulphuric  acid;  and  the  silica  of  the  clay,  by  reacting  on  the  alumina,  impairs  its 
aiggregatioa,  and  makes  it  more  readily  attracted  by  the  acid.  The  clay  should,  therefore, 
be  moderately  calcined ;  but  not  sa  as  to  in  iurate  it  like  pottery  ware,  for  it  would  then 
suffer  a  species  of  silicious  combination  which  would  make  it  resist  the  action  of  acids. 
The  clay  is  usually  calcined  in  a  reverberatory  furnace,  the  flame  of  which  serves 
thereaAer  to  heat  two  evaporating  pans  and  a  basin  fur  containing  a  mixture  of  the 
calcined  clay  and  sulphuric  acid.  As  soon  as  the  clay  has  become  friable  in  the  furnace 
it  is  taken  out,  reduced  to  jKiwdcr,  and  passed  through  a  fine  sieve.  With  100  parts  of 
the  pulverized  clay,  45  parts  of  sulphuric  acid,  of  sp.  gr.  1-45,  are  well  mixed,  in  a 
"Ttone  basin,  arched  over  with  brickwork.  The  flame  and  hot  air  of  a  reverberatory 
furoace  are  made  to  play  along  the  mixture,  in  the  same  way  as  described  for  evaporating 
the  schist  liquors.  See  Soda.  The  mixture,  being  stirred  from  time  to  time,  is,  at  the 
cod  of  a  few  days,  to  be  raked  out,  and  to  be  set  aside  in  a  warm  place,  for  the  acid  to 
work  on  the  day,  during  six  or  eight  weeks.  At  the  end  of  this  time  il  must  be  washed, 
to  extract  the  sulphate  of  alumina.  With  this  view,  it  may  be  treated  like  the  roasted 
ilum  ores  above  described.  If  potash  alum  is  to  be  formed,  this  sulphate  of  alumina  is 
evaporated  to  the  specific  gravity  of  1*38;  but  if  ammonia  alum,  to  the  specific  gravity 
^  only  1*24 ;  because  the  sulphate  of  ammonia,  being  soluble  in  twice  its  weight  of 
water,  will  cause  a  precipitation  of  pulverulent  alum  from  a  weaker  solution  of  sulphate 
of  alumina  than  the  less  soluble  sulphate  of  potash  could  do. 

The  alum  stone,  from  which  the  Roman  alum  is  made,  contains  potash.  The 
following  analysis  of  alunile,  by  M.  Cordier,  places  this  fact  in  a  clear  light : — 

Sulphate  of  potash  ....  18*53 
Sulphate  of  alumina  ....  38*50 
Hydrate  of  alumina     ....  42*97 


100*00 


To  transform  this  compound  into  alum,  it  is  merely  necessary  to  abstract  the  hydrate 
of  alumina.  The  ordinary  alum  stone,  however,  is  rarely  so  pure  as  the  above  analysis 
would  seem  to  show ;  for  it  contains  a  mixture  of  other  substances ;  and  the  above  are  in 
different  proportions. 

Alum  is  very  extensively  employed  in  the  arts,  most  particularly  in  dyeing,  lake 
making,  dressing  sheep-skins,  pasting  paper,  in  clarifying  liquors,  Sec.  Its  purity  for 
ihc  dyer  may  be  tested  by  prussiate  of  potash,  which  will  give  solution  of  alum  a  blue 
tint  in  a  few  minutes  if  it  contain  even  a  very  minute  portion  of  iron.  A  bit  of  nut-gall 
U  also  a  good  test  of  iron. 

AMADOU.  The  French  name  of  the  spongy  combustible  substance,  called  in  German 
^wierithtcamm,  prepared  from  a  species  of  a^ric,  the  boMus  igniariusy  a  kind  of 
nuishroom,  which  grows  on  the  trunks  of  old  oaks,  ashes,  beeches,  &c.  It  must  be 
plncked  in  the  months  of  August  and  September.  It  is  prepared  by  removing  the 
outer  bark  with  a  knife,  and  separating  carefully  the  spongy  substance  of  a  yellow 
brown  color,  which  lies  within  it,  from  the  ligneous  matter  below.  This  substance  is 
cut  into  thin  slices,  and  beat  with  a  mallet  to  soften  it,  till  it  can  be  easily  puUed 
bonder  between  the  fingers.  In  this  state  the  boletus  is  a  valuable  substance  for  stop> 
ping  oozing  hemorrhages,  and  some  other  surgical  purposes.  To  convert  it  into  tinder 
it  mast  receive  a  finishing  preparation,  which  consists  in  boiling  it  in  a  strong  solution 
of  nitre ;  drying  it,  beating  it  anew,  and  putting  it  a  second  time  into  the  solution. 
Sometimes,  indeed,  to  render  it  very  inflammable,  it  is  imbued  with  gunpowder,  whence 
the  distinction  of  black  and  brown  amadou. 

All  the  pufT  balls  of  the  lycopodium  genus  of  plants,  which  have  a  fleshy  or  fila- 
loeatous  structure,  yield  a  tinder  quite  ready  for  soaking  in  gunpowder  water.  The 
Hindoos  employ  a  leguminous  plant,  which  they  call  solUy  for  the  same  purpose.  It3 
tbick  spongy  stem,  being  reduced  to  charcoal,  takes  fire  like  amadou. 

AMALGAM.  When  merciury  is  alloyed  with  any  metal,  the  compound  is  called  an 
tnalgam  of  that  metal ;  as,  for  example,  an  amalgam  of  tin,  bismuth,  Blc. 

AMALGAMATION.  This  is  a  process  used  extensively  in  extracting  silver  and 
9»U  from  certain  of  their  ores,  founded  on  the  property  which  mercury  has  to  dissolve  these 
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Bietals  as  disseminated  in  the  minerals,  and  thns  to  separate  them  from  the  euikf 
matters.         Mkrcury,  Metallurgy,  and  Silver. 

AMWKR.  (Succitiy  Ft,  ;  Bentsfein,  Germ.)  A  mineral  solid,  of  a  yellow  eokr, 
of  various  shades,  which  bums  quiie  away  with  flame,  and  consists  of  carbon,  hydrogea, 
and  oxyt^cn,  in  nearly  the  same  proportions,  ani  the  s^ome  state  of  combination,  as  rtgt- 
table  resin.  Its  sjwcific  s^'avity  varies,  by  my  trials,  from  1*080  to  1*085.  It  beoomei 
negatively  and  powerfully  electrical  by  friciion.  When  applied  to  a  lighted  candle  it 
takes  fire,  swells  considerably,  and  exhales  a  white  smoke  of  a  pungent  odor;  but 
does  not  run  into  drops.  Copal,  which  resembles  it  in  several  respects,  diflfers  in  being 
sofler,  and  in  melting  into  drops  at  tiie  flnmc;  and  mellite,  or  honey-stone,  which  ii  a 
mineral  of  a  similar  cohir,  becomes  white  when  laid  on  a  red-hot  coal. 

The  texture  of  amber  is  resino-vitroons,  it«  fracture  conchoidal,  and  lustre  glassy.  It 
IS  perfectly  homogeneous ;  sufficiently  hard  to  scratch  gypsum,  and  to  take  a  fine  poliA. 
It  is,  however,  scratched  by  calcareous  spar.  When  amber  is  distilled  in  a  retort, 
crystalline  needles  of  succinic  acid  sublime  into  the  dome,  and  oil  of  amber  drops  from 
the  beak  into  the  receiver.  Fossil  resins,  such  as  that  of  Highgate,  found  in  the  L(m> 
don  clay  formation,  do  not  afford  succinic  acid  by  heat :  nor  does  copal.  Amber  is 
occasionally  found  of  a  whitish  and  brownish  color. 

The  most  interesting  fact  relative  to  this  vegeto-mineral  is  its  geological  podtioiiy 
which  is  very  characteristic  and  well  determined.  It  is  found  almost  uniformly  in  sepa- 
rate nodules,  disseminated  in  the  sand,  clay,  or  fragments  of  lignite  of  the  plastic  c&y, 
and  lignite  formation,  situated  between  the  calcairt  f^fsier  (crag  limestone)  of  the 
tertiary  stram  above,  and  the  white  chalk  below.  The  size  of  these  nodules  varies  from 
a  nut  to  a  man's  head;  but  this  magnitude  is  very  rare  in  true  amber.  It  does  not 
oecur  either  in  continuous  beds,  like  the  chalk  flints,  nor  in  veins ;  but  it  lies  at  one 
time  in  the  earthy  or  friable  strata,  which  accompany  or  include  the  lignites ;  atanother, 
entangled  in  the  lignites  themselves;  and  is  associated  with  the  minerals  which  constitute 
this  formation,  principally  the  pyrites,  the  mo«t  abundant  of  all.  The  pieces  of  amber 
found  in  the  sands,  and  other  formations  evidently  alluvial,  those  met  with  on  the  sea- 
coasts  of  certain  countries,  and  especially  Pomerania,  come  undoubtedly  from  the  aboTe 
geological  formation ;  for  the  organic  matters  found  still  adhering  to  the  amber  leaTe 
no  doubl  as  to  its  primitive  place.  Amber  does  not,  therefore,  belong  to  any  postdilu- 
vian or  modern  soil,  since  its  native  bed  is  covered  by  three  or  four  series  of  strata,  often 
of  considerable  thickness,  and  well  characterized;  proceeding  upwards  from  the  plastie 
clay  which  includes  the  amber :  these  are,  the  crag  limestone,  the  bone  gypsum,  with 
its  marls,  the  marly  limestone,  the  upper  marl  sandstone,  which  covers  it,  and,  lastly, 
the  fresh  water  or  lacustrine  formation,  often  so  thick,  and  composed  of  calcareous  and 
silicious  rocks. 

The  amber  bed  is  not,  however,  always  covered  with  all  these  strata ;  and  it  is  even 
rare  to  see  a  great  mass  of  one  of  them  above  the  ground  which  contains  it;  becansCy 
were  it  buried  under  such  strata,  it  would  be  difficult  to  meet  with  such  circumstanoei 
as  would  lay  it  spontaneously  open  to  the  day.  But  by  comparing  observations  made 
in  different  places,  relatively  to  the  patches  of  these  formations,  which  cover  the  amber 
deposites,  we  find  that  no  other  mineral  formations  have  been  ever  seen  among  tbem 
except  those  above  detailed,  and  thus  learn  that  its  geological  locality  is  completely  de- 
termined. 

The  proper  yellow  amber,  therefore,  or  iheBorussic,  from  the  country  where  it  has  been 
most  abundantly  found,  belongs  to  the  plastic  clay  formation,  interfllediate,  in  England, 
between  the  chalk  and  the  London  clay.  It  is  sometimes  interposed  in  thin  plates  between 
the  layers  of  the  lignites,  but  more  towards  the  bark  of  the  fibrous  lignites,  which  retain 
the  form  of  the  wood,  than  towards  the  middle  of  the  trunk  of  the  tree ;  a  position  analo- 
gous to  that  of  the  resinous  matters  in  our  existing  ligneous  vegetables.  The  fibrons 
lignites  which  thus  contain  amber  belong  to  the  dicotyledinous  woods.  Hence  that 
substance  seems  to  have  been  formed  during  the  life  of  the  vegetable  upon  which  it  is 
now  incrusted.  It  must  be  remembered  that  the  erounds  containing  the  amber  are 
often  replete  with  the  sulphates  of  iron,  alumina,  and  lime,  or  at  least  with  the  pyritons 
elements  of  these  salts.  Some  specimens  of  amber  have  a  surface  figured  with  irregular 
meshes,  indicating  a  sort  of  shrinkage  from  consolidation,  and  consequently  a  matter 
that  was  at  one  time  fluid,  viscid,  or  merely  soft.  From  optical  examination.  Dr. 
Brewster  has  concluded  amber  to  be  of  vegetable  origin. 

The  different  bodies  included  in  the  amber,  distinguishable  from  its  transparence,  demon- 
strate, indeed,  in  the  most  convincing  manner,  its  primitive  state  of  liquidity  or  softness. 
These  bodies  have  long  exercised  the  skill  of  naturalists.  They  are  generally  insects* 
i*r  reinnins  of  insects,  and  sometimes  leaves,  stalks,  or  other  portions  of  vegetables. 
Certain  families  of  insects  occur  more  abundantly  than  others.  Thus  the  hymtnopUra^ 
o.-  insof.-ts  with  four  naked  membranaceous  wings,  as  the  bee  and  wasp,  and  thedtptera, 
o.-  i.is'^cts  with  two  wings,  as  gnats,  flies,  gadflies,  &c. ;  then  come  the  spidei  tribe; 
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some  eoltopttra  (iaseett  wilh  enistaceoas  shells  or  elytra,  which  shut  tosrether,  and  form 
a  kmgitudioal  satare  down  the  back),  or  beetles,  principally  those  which  live  on  trees; 
such  as  the  ilateridu,  or  leapers,  and  the  chryMomelida,  The  lepidoptera,  or  insects  with 
four  membranaceous  wings,  and  pterigo^tei  covered  with  mail-like  scales,  are  very  rare 
ia  amber.  We  perceive  from  this  enumeration,  which  results 'from  the  labors  of 
Gcrmar,  Schweiger,  &c.,  that  the  insects  enveloped  in  this  resinous  matter  are  in 
l^neral  such  as  sit  on  the  trunks  of  trees,  or  live  in  the  fissures  of  their  bark.  Hitherto, 
it  has  QoC  been  found  possible  to  refer  them  to  any  living  species ;  but  it  has  been  ob- 
served in  general  that  they  resemble  more  the  insects  of  hot  climates  than  those  of  the 
temperate  zones. 

The  districts  where  amber  occurs  in  a  condition  fit  for  mining  operations  are  not 
naraerous;  but  those  in  which  it  is  met  with  in  small  scattered  bits  are  very  abundant. 
Its  princifKil  exploitation  is  in  Eastern  Prussia,  on  the  coasts  of  the  Baltic  Sea,  from 
JNfemel  to  Dantzick,  particularly  in  the  neighborhood  of  Konigsberg,  along  the  shore 
which  runs  north  and  south  from  Grossdirschheun  to  Pillau,  and  in  several  other  places 
near  Dantzick.' 

It  is  collected  upon  this  coast  in  several  ways;  1.  In  the  beds  of  small  streams  which 
no  near  the  villages,  and  in  rounded  fragments  without  bark,  or  in  the  $nnd-banks  of 
riyersy  ia  pieces  thrown  back  by  the  sea,  and  rounded  by  the  waves.   2.  If  the  pieces 
Ihnywn  up  by  the  waters  are  not  numerous,  the  fishers,  clothed  in  a  leather  dress,  wade 
into  the  sea  up  to  the  neck,  seek  to  discover  the  amber  by  lookinsr  along  its  surface,  and 
ame  it  with  bag  nets,  hung  at  the  end  of  very  long  poles.    They  conclude  that  a  great 
«leal  of  amber  has  been  detached  from  the  clififs  by  the  sea,  when  many  pieces  of  lignite 
<wood  coal)  are  seen  afloat.   This  mode  of  collecting  amber  is  not  free  from  danger,  and 
ihe  fishers,  therefore,  advance  in  troops,  to  lend  each  other  aid  in  case  of  accident ;  but 
Ybeir  success,  even  thus,  is  most  precarious.   3.  The  third  method  of  searching  for  am- 
lier  is  a  real  mining  operation  :  it  consists  in  digging  pits  upon  the  borders  of  the  sandy 
«lowns,  sometimes  to  a  depth  of  more  than  130  feet.   4.  The  last  mode  is  by  exploring 
the  precipitous  sea  cliffs  in  boats,  and  detaching  masses  of  loose  soil  from  them  with  long 
poles  terminating  in  iron  hooks ;  a  very  hazardous  employment.    They  search  the  cliffs 
-with  great  care  at  the  level,  where  the  amber  nodules  commonly  lie,  and  loosen  the  seams 
-with  iheir  hooks ;  in  which  business  the  boats  are  sometimes  broken  against  the  preci- 
pices, or  sunk  by  an  avalanche  of  rubbish. 

Amber  occurs  in  Sicily,  disseminated  in  beds  of  clay  and  marl,  which  lie  below  the 
crag  limestone.  It  is  accompanied  with  bitumen;  and,  though  a  scanty  deposite,  it  is 
mined  fur  sale.  The  pieces  are  coated  with  a  kind  of  whitish  bark,  present  a  variety 
of  colors,  and  include  many  insects.  Amber  is  found  in  a  great  many  places  in  the  sandy 
districts  of  Poland,  at  a  very  great  distance  from  the  sea,  where  it  is  mixed  with  cones 
of  the  pine.  In  Saxony  it  is  met  with  in  the  neighborhood  of  Pretsch  and  Wittemberg, 
in  a  (Mtuininous  clay  mingled  with  lignite.  At  the  embouchure  of  the  Jenissey ,  in  Sibe- 
ria, it  occurs  likewise  aloni?  with  lignite ;  as  also  in  Greenland. 

Fine  amber  is  considerably  valued  for  making  ornamental  objects,  and  the  coarser 
kinds  for  certain  uses  in  chemistry,  medicine,  and  the  arts.  The  oriental  nations  prize 
more  highly  than  the  people  of  Europe  trinkets  made  of  amber ;  and  hence  the  chief 
eommerce  of  the  Pomeranian  article  is  with  Turkey.  The  Prussian  government  is  said 
to  draw  an  annual  revenue  of  17,000  dollars  from  amber.  A  good  piece  of  a  pound 
weight  fetches  50  dollars.  A  mass  weighing  13  pounds  was  picked  up  not  long  since  in 
Pmssta,  for  which  5000  dollars  were  offered,  and  which  would  bring,  in  the  opinion  of 
the  Armenian  merchants,  from  30,000  to  40,000  dollars  at  Constantinople.  At  one  time 
it  was  customary  to  bake  the  opaque  pieces  of  amber  in  sand,  at  a  gentle  heat,  for  sev- 
enl  hours,  in  order  to  make  it  transparent,  or  to  digest  it  in  hot  rapeseed  oil,  with  the 
aune  view ;  but  how  far  these  processes  were  advantageous  does  not  appear. 

When  amber  is  to  be  worked  into  trinkets,  it  is  fir»t  split  on  a  leaden  plate  at  a  lathe 
(tee  Gems,  Cutting  of),  and  then  smoothed  into  shape  on  a  Swedish  whetstone.  It  is 
polishel  on  the  lathe  with  chalk  and  water,  or  vegetable  oil,  and  finished  by  friction 
with  flannel.  In  these  processes  the  amber  is  apt  to  become  highly  electrical,  very  hot, 
aad  even  to  fly  into  fragments.  Hence,  the  artists  work  the  pieces  time  about,  so  as  to 
keep  each  of  them  cr  ol,  and  feebly  excited.  The  men  are  often  seized  with  nervous 
tremors  in  their  wrisis  and  arms  fVom  the  electricity.  Pieces  of  amber  may  be  neatly 
joiaed  by  smearing  their  edges  with  linseed  oil,  and  pressing  them  strongly  together, 
while  they  are  held  over  a  charcoal  fire.  Solid  specimens  of  amber,  reporte<l  to  have 
Wen  altogether  fused  by  a  particular  application  of  heat,  are  now  shown  in  the  roya] 
cabinet  of  Dresden. 

A.  itroag  and  durable  vamith  is  made  by  dissolving  amber  in  drying  linseed  oil.  For 
%  purpose,  however,  the  amber  must  be  previously  heated  in  an  iron  pot,  over  a  clear 
^  fire,  tUl  it  soAen  and  be  semi-liquefied.  The  oil,  previously  heated,  is  to  be  now 
*Qved  m,  with  much  stirring,  in  the  proportion  of  10  ounces  to  the  pound  of  amber; 
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and  after  the  iacorporation  is  complete,  and  the  liquid  somewhat  eooled,  a  pound  of  ofl 
of  turpentine  must  be  added.  Some  persons  prescribe  2  ounces  of  melted  sheOae, 
though  by  this  means  they  are  apt  to  deepen  the  color,  already  rendered  too  dark  by  the 
roasting. 

The  fine  black  varnish  of  the  coachmakers  is  said  to  be  prepared  by  melting  16  ounces 
of  amber  in  an  iron  pot,  adding  to  it  half  a  pint  of  drying  linseed  oil,  boiling  hot,  of  pow- 
dered resin  and  asphaltum  3  ounces  each :  when  the  materials  are  well  united,  by  stir- 
ring over  the  fire,  they  are  to  be  removed,  and,  aAer  cooling  for  some  time,  a  pint  of  waia 
oil  of  turpentine  is  to  be  introduced. 

The  oil  of  amber  enters  into  the  composilion  of  the  old  perfume  called  eau  de  Imet; 
and  is  convertible,  by  the  action  of  a  small  quantity  of  strong  nitric  acid,  into  a  Tiseid 
mass  like  shoemakers'  rosin,  which  has  a  strong  odor  of  musk,  and,  under  the  name  of 
artificial  musk,  has  been  prescribed,  in  acoholic  solution,  as  a  remedy  against  hooping 
cough,  and  other  spasmodic  diseases. 

Acid  of  amber  (Aucctnic  acid)  is  a  delicate  reagent,  in  chemistry,  for  .separating  red 
oxyde  of  iron  from  compound  metallic  solutions. 

AMBERGRIS.  (Jimbregncy  Fr. ;  ^mbra^  Germ.) — A  morbid  secretion  of  the  Irrer 
of  the  spermaceti  whale  (physeter  macrocephalus),  found  usually  swimming  upon  the 
sea.  It  occurs  upon  the  coasts  of  Coromandel,  Japan,  the  Moluccas,  and  Madagaaear, 
and  has  sometimes  been  extracted  from  the  rectum  of  whales  in  the  South  sen  fishery. 
It  has  a  gray-white  color,  often  with  a  black  streak,  or  is  marbled,  yellow  and  bladt; 
has  a  strong  but  rather  agreeable  smell,  a  fatty  taste,  is  lighter  than  water,  melts  at  W 
C.  (140°  F.),  dissolves  readily  in  absolute  alcohol,  in  ether,  and  in  both  fat  and  volatile 
oils.  It  contains  85  of  the  fragrant  substance  called  ambreitte.  This  is  extracted  from 
ambergris^  by  digestion  with  alcohol  of  0*827,  filtering  the  solution,  and  leaving  it  to 
spontaneous  evaporation.  *It  is  thus  obtained  in  the  form  of  delicate  white  tofts: 
which  are  convertible  into  ambreic  acid  by  the  action  of  nitric  acid.  Ambergris  is  used 
in  perfumery. 

AMIANTHUS.    A  mineral  in  silky  filaments,  called  also  Asbestus. 

AMMONIA.  A  chemical  compound,  called  also  volatile  alkali.  This  substance,  in  ill 
purest  state,  is  a  highly  pungent  gas,  possessed  of  all  the  mechanical  properties  of  the 
air,  but  very  condensable  with  water.  It  consists  of  3  volumes  of  hydrogen  and  1  of  aaotc 
condensed  into  two  volumes ;  and  hence  its  density  is  0*591,  atmospheric  air  being  1*000. 
By  strong  compression  and  refrigeration  it  may  be  liquefied  into  a  fluid,  whose  specific 
gravity  is  0*76  compared  to  water  I'OOO. 

Ammonia  gas  is  composed  by  weight  of  82*53  azote  and  17*47  hydn^en  in  100 
parts.  It  is  obtained  by  mixing  muriate  of  ammonia,  commonly  called  sal  ammoniac, 
with  quicklime,  in  a  retort  or  still,  applying  a  moderate  heat,  and  receiving  the  gas  either 
over  mercury  for  chemical  experiments,  or  in  water  to  make  liquid  ammonia  for  the 
purposes  of  medicine  and  the  arts.  Woulfe's  apparatus  is  commonly  employed  for  this 
condensation. 

Ammonia  is  generated  in  a  great  many  operations,  and  especially  in  the  decompositioo 
of  many  organic  substances,  by  fire  or  fermentation.  Urine  led  to  itself  for  a  few  days  ia 
found  to  contain  much  carbonate  of  ammonia,  and  hence  this  substance  was  at  one  time 
collected  in  great  quantities  for  the  manufacture  uf  certain  salts  of  ammonia,  and  is  stiD 
used  for  its  alkaline  properties  in  making  alum,  scouring  wool,  &c.  When  woollen  rags, 
horns,  bones,  and  other  animal  substances  are  decomposed  in  close  vessels  by  fire,  they 
evolve  a  lai^e  quantity  of  ammonia,  which  distils  over  in  the  form  of  a  carbonate.  Thf 
main  source  of  ammonia  now  in  this  country,  for  commercial  purposes,  is  the  coal  gaa 
works.  A  large  quantity  of  watery  fluid  is  condensed  in  their  tar  pits,  which  contains, 
chiefly,  ammonia  combined  with  sulphureted  hydrogen  and  carbonic  acid.  When  this 
water  is  saturated  with  muriatic  acid  and  evaporated  it  yields  muriatie  of  ammonia^  oi 
sal  ammoniac,  somewhat  impure,  which  is  aAer wards  purified  by  sublimation.  See 
Cahbonate  of  Ammonia  and  Sal  Ammoniac. 

The  soot  of  chimneys  where  coal  is  burned  contains  both  sulphate  and  carbonate  of 
ammonia,  and  was  extensively  employed,  at  one  time,  to  manufacture  these  salts. 

In  making  water  of  ammonia  on  the  great  scale,  a  cast  iron  still  should  be  preferred, 
and  equal  weights  of  quicklime  and  sal  ammoniac  should  be  brought  to  the  consistence 
of  a  pap,  with  water,  before  the  heat  is  applied.  In  this  case  a  refrigeratory  worm  or 
globe  should  be  interposed  between  the  adopter  tube  of  the  capital  of  the  still  and  the 
bottles  of  Woulfe's  apparatus.  The  muriate  of  lime,  or  chloride  of  calcium,  which  is  left 
m  the  still  when  the  whole  ammonia  is  expelled,  is  of  no  value.  Water  is  capable  of 
condensing  easily  about  one  third  of  its  weight  of  ammonia  gas,  or  460  times  its  bnflc 
The  following  table  of  the  quantity  of  ammonia  in  100  parts  by  weight  of  its  nqneoos 
combinations,  at  successive  densities,  is  the  result  of  very  careful  experiments  made  by 
me,  and  recorded  in  the  Philosophical  Magazine  for  March,  1821. 
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Tabu  of  Wattr  of  Jmmonia  or  Volatile  JOeali,  by  Dr.  Vtt. 
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80 
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79 
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\) 

U  yZoUo 

70 
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65 
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60 
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84-100 

0-9363 

0-93750 

15-9- 
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55 
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-  85-34, 
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50 
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45 
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1510  1 

35 
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0-9614 
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30 
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8-63- 
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25 
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7- 
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20 
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6- 

-94, 
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15 
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40  to  1 

M) 
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97-350 

0-9887 

0-98900 

3- 

-97, 

60  to  1 

^  5 

1-325 

1  98-675 

1  0-9945 

0-99447 

AMMONIAC,  gum-resin.  This  is  the  inspissated  juice  of  an  umbelliferoos  plant 
^the  dorema  armtniacum)  which  grows  in  Persia.  It  comes  to  ns  either  in  small 
'^hite  tears  clustered  CcM;elber,  or  in  brownish  lumps,  containing  many  imparities.  It 
'VsoMesses  a  peculiar  smell,  somewhat  like  that  of  asafoetida,  and  a  bitterish  taste.  It 
^  employed  in  medicine.  Its  only  use  in  the  arts  is  for  forming  a  cement  to  join 
%»oken  pieces  of  china  and  ghiss,  which  may  be  prepared  as  follows :  Take  isinglass 

J  oonce,  distilled  water  6  ounces,  boil  together  down  to  3  ounces,  and  add  1)  ounce  of 
'Strong. spirit  of  wine;  boil  this  mixture  for  a  minute  or  two;  strain  it;  add,  while 
^ot,  first,  half  an  ounce  of  a  milky  emulsion  of  gum  ammoniac,  and  then  five  drams  of 
^  akoholie  solution  of  resin  mastic.    This  resembles  a  substance  sold  in  the  London 

shops,  under  the  name  of  diamond  cement.  The  recipe  was  given  me  by  a  respectable 
^dispensing  chemist. 

AMORPHOUS.  WithoHt  thape.  Said  of  mineral  and  other  substances  which  occur 
ia  forms  not  easy  to  be  defined. 

ANALYSIS.  The  art  of  resolving  a  compound  substance  or  machine  into  its  con- 
^tvent  parts.  Every  manufacturer  should  so  study  this  art,  in  the  proper  treatises,  and 
'aehook  of  Chemistry  or  Mechanics,  as  to  enable  him  properly  to  understand  and  regulate 
^  bofiaesa. 

ANCHOR.  (Anertf  Fr. ;  MuTy  Germ.)  An  iron  hook  of  Considerable  weight 
mad  strength,  for  enabling  a  ship  to  lay  hold  of  the  ground,  and  fix  itself  in  a  certain 
vtoation  by  means  of  a  rope  called  the  cable.  It  is  an  instrument  of  the  greatest  im- 
poitanee  to  the  navigator,  since  upon  its  taking  and  keeping  hold  depends  his  safety  upon 
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many  occasions,  especially  near  a  lee  shore,  where  he  might  be  otherwise  ttranded  or 
shipwrecked.  Anchors  are  generally  made  of  wrought  iron,  except  among  nations  who 
cannot  work  this  metal  well,  and  who  therefore  use  copper.  The  mode  in  which  an 
anchor  operates  will  be  understood  from  inspection  of  yig.  6,  where,  from  the  direction 
of  the  strain,  it  is  obvious  that  the  anchor  cannot  more  without  ploughinsr  op  the 
ground  in  which  its  hook  or  fluke  is  sunk.  When  this,  however,  unluckily  takes 
place,  from  the  nature  of  the  grodnd,  from  the  mode  of  insertion  of  the  anchor,  or  from 
the  violence  of  the  winds  or  currents,  it  is  called  dragging  the  anchor.  When  the  hold  is 
good,  the  cable  or  the  buried  arm  will  sooner  break  than  the  ship  will  drive.  Anchors 
are  of  diijerent  sizes,  and  haxe  different  names,  according  to  the  purposes  they  serve  | 
thus  there  are,  sheet y  best  bower,  small  bower,  spare,  stream,  and  hedge  andiofa.  8hip9 
of  the  first  class  have  seven  anchors,  and  smaller  vessel,  such  as  brigs  and  schoonens 
three. 

r\  The  manufacture  of  anchors  requires  great  knowledge 

u[  of  the  structure  of  iron,  and  skill  in  the  art  of  working 

J  jjr  '  it.  I  shall  give,  here,  a  brief  notice  of  the  improved  system 

7  introduced  by  Mr.  Perring,  clerk  of  the  cheque  at  Ply- 

mouth, in  which  the  proportions  of  the  parts  ai^e  admirably 
adapted  to  the  strains  they  are  likely  to  suffer.    In  fig.  If 
A  is  the  ghank  ;  b,  the  arm  or  Jluke  ;  c,  the  palm  ;  d,  the 
^  blade ;  k,  the  square ;  r,  the  nut ;  g,  the  ring ;  h,  the  crown* 

Formerly  the  shank  was  made  of  a  number  of  square 
iron  rods,  laid  parallel  together  in  a  cylindrical  form,  and 
bound  by  iron  hoops.  When  they  were  welded  into  one 
bar,  the  exterior  rods  could  not  fail  to  be  partially  burned 
and  wasted  by  the  strong  heat.  Mr.  Perrin  abated  this 
evil  by  using  bars  of  the  whole  breatlth  of  the  shank,  and 
placing  them  right  over  each  other,  hoopitis;  them  and 
welding  ihem  together  at  two  heats  into  one  solid  mast# 
To  any  one  who  has  seen  the  working  of  puddled  iron,  witb 
a  heavy  mill  hammer,  ihis  operation  will  not  appear  ditlicuU. 

He  formed  the  crown  with  bars  similarly  distributed  with  those  of  the  shank.  UiB 
mode  of  uniting  the  tlukes  to  the  crown  is  probably  the  most  valuable  pcul  of  his 
invention.  The  bars  and  half  the  breadth  of  the  anchor  are  first  welded  separately*  and 
then  placed  si<le  by  side,  where  the  upper  half  is  worked  into  one  mass,  while  thm  lower 
part  is  left  disunited,  but  has  carrier  iron  bars,  or  porters,  as  these  prolongation  rodi 
are  commonly  called,  welded  to  the  extremity  of  each  portion.  The  lower  part  is  no/W 
heated  and  placed  in  the  clamping  machine,  which  is  merely  an  iron  plate  firmly  bolted 
to  a  mass  of  timber,  and  bearing  upon  its  surface  four  iron  pins.  One  end  of  the  crown 
is  placed  between  the  first  of  these  pins,  and  passed  under  an  iron  str«p;  the  other  end 
is  brought  between  the  other  pins,  and  is  bent  by  the  leverage  power  of  the  elongated 
rods  or  porters. 

Thus  a  part  of  the  arm  being  formed  out  of  the  crown  gives  mudi  greater  security 
that  a  true  union  of  fibres  is  effected,  than  when  the  junction  was  made  merely  by  a  short 
scarf.  p 

The  angular  openmg  upon  the  side  opposite  b  h,  fig,  7,  is  filled  witb  the  chock, 
formed  of  short  iron  bars  placed  upright.  When  this  has  been  firmly  welded,  the  tms- 
piece  is  brought  over  it.  This  piece  is  made  of  plates  similar  to  the  above,  except  that 
their  edges  are  here  horizontal.  The  truss-piece  is  half  the  breadth  of  the  arm ;  so  that, 
when  united  to  the  crown,  it  constitutes,  with  the  other  parts,  the  total  breadth  of  the 
arms  at  those  places. 

The  shank  is  now  shut  upon  the  crown ;  the  square  is  formed,  and  the  nuts  welded  to 
it ;  the  hole  is  punched  out  for  the  ring,  and  the  shank  is  then  fashioned. 

The  blade  is  made  much  in  the  way  above  described.  Jn  making  the  palm,  an  iron 
rod  is  first  bent  into  the  approximate  form,  notching  it  so  that  it  may  more  readily  take 
the  desired  shape.  To  one  end  a  porter  rod  is  fastened,  by  which  the  palm  is  carried 
and  turned  round  in  the  fire  during  the  progress  of  the  fabrication.  Iron  plates  are  next 
laid  side  by  side  upon  the  rod,  and  the  joint  at  the  middle  is  broken  by  another  plate 
laid  over  it.  When  the  mass  is  worked,  its  under  side  is  filled  np  by  similar  plates,  and 
the  whole  is  completely  welded ;  pieces  being  added  to  the  sides,  if  necessary,  to  form  the 
angles  of  the  palm.  The  blade  is  then  shut  on  to  the  palm,  after  which  the  part  of  tho 
arm  attached  to  the  blade  is  united  to  that  which  constitutes  the  erown.  The  smiih-werk 
of  the  anchor  is  now  finished. 

The  junction,  or  shatting  on,  as  the  workmen  call  it,  of  the  several  members  of  an 
anchor,  is  effected  by  an  instmment  called  a  monkey,  which  is  merely  a  mass  of  iron 
raised  to  a  certain  beight,  between  parallel  uprights,  as  in  the  pile  engine  or  vertieal 
ram,  and  let  fall  upon  the  metal  previously  brought  to  a  welding  heat. 
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Tbe  monkiif  and  the  ktfcules^  both  sOIy,  trivial  names,  arc  nmikur  inatroments,  and  are 
vmlly  wofked,  like  a  portable  pile  ensine)  by  the  hands  of  several  labwers,  puHmg 
lepazmte  ropes.  Many  other  modes  of  manufacturing  anchors  have  been  devised,  in 
whieh  meehjinical  power  is  more  extensively  resorted  to. 

The  upper  end  uT  the  shank  f  (Jig.  7)  is  squared  to  receive  and  hold  the  stock  steadU 
ly,  and  keep  it  from  turnings  To  prevent  it  shilling  along,  there  are  two  knobs  or 
tenon-like  projections.  The  point  of  the  angle  h,  between  the  arms  and  the  shank,  is 
sometimes  called  the  throat.  The  arm  b  c  generally  makes  an  angle  of  56^  with  the 
shank  a  ;  U  is  either  round  or  polygonal,  and  about  half  the  length  of  the  shank. 

The  stock  of  the  anchor  (Jig,  6)  is  made  of  oak.  It  consists  of  two  beams  which  em* 
brace  the  M^are,  and  are  firmly  united  by  iron  bolts  and  hoops,  as  shown  in  the  figure. 
The  stock  IS  usually  somewhat  longer  than  the  shank,  has  in  the  middle  a  thickness 
about  one  twelAh  of  its  length,  but  tapers  at  its  under  side  to  nearly  one  half  this  thidc- 
ness  at  the  'extremities.  In  small  anchors  the  stock  is  frequently  made  of  iron ;  but  in 
this  case  it  does  not  embrace  the  anchor,  but  goes  through  a  hole  made  in  the  square^ 
which  is  swelled  out  on  purpose. 

The  weight  of  anchors  for  different  vessels  is  proportioned  to  the  tonnage ;  a  good  nUe 
being  to  make  the  anchor  in  hundred  weights  one  twentieth  of  the  number  of  tons  of  the 
burden.  Thus  a  ship  of  1000  tons  wouM  require  a  sheet  anchor  of  50  cwts.  ^lips  of 
WW  «re  provided  with  somewhat  heavier  anchors. 

Several  new  forms  and  constructions  of  anchors  were  proposed  under  Mr.  Piper^s  pa- 
tent of  November,  1622,  by  the  adoption  of  which  great  advantages  as  to  strength  were 
utkipated  over  every  other  form  or  construction  previously  made. 

The  particular  object  was  to  preserve  such  a  disposition  of  the  fibres  of  the  metal  as 
ahonld  aiford  the  greatest  possible  strength ;  in  doing  which  the  crossing  or  bending  of 
the  fibres  at  the  junctions  of  the  shank,  flakes,  and  crown,  where  great  strength  is  re- 
'vinired,  has  been  avoided  as  much  as  possible,  so  that  the  fibres  are  not  disturbed  or 
aigured. 

In  this  respect  most  anchors  are  defective ;  for  in  connecting  the  shanks  to  the  crown- 
pieces,  the  grain  of  the  metal  is  either  crossed,  or  so  much  curved,  as  to  strain  the  fibre, 
mod  consequently  induce  a  weakness  where  the  greatest  strength  is  required.  *  And,  for- 
'^er,  the  very  considerable  thicknesses  of  metal  which  are  to  be  brought  into  immediate 
-^Dontact  by  means  of  the  hammer  in  forging  anchors  upon  the  old  construction,  render  it 
^li^y  pro^ble  that  faulty  places  may  be  left  within  the  mass,  though  they  be  externally 
-ttnpereeptible.  Mr.  Piper's  leading  principle  was,  that  the  fibre  of  the  metal  should  run 
aeaily  stmight  in  all  the  parts  where  strength  is  particularly  required. 

Fig.  8  shows  an  anchor  with  one  tumbling  fluke,  which 
passes  through  the  forked  or  branched  part  of  the  shank.  The 
lower  part  of  this  anchor,  answering  to  the  crown,  has  a  spin- 
dle through  it,  upon  which  the  fluke  turns,  and  a  pin  is  there 
introduc^  for  the  purpose  of  confining  the  fluke  when  in  a 
holding  position.  This  shank  is  formed  of  a  solid  piece  of 
wrought  iron,  the  fibres  of  which  run  straight,  and  at  the 
crown  holes  are  pierced,  which  merely  bulge  the  metal  without 
bending  the  fibres  round  so  as  to  strain  them.  The  arm  and 
fluke,  also,  are  (prmcd  of  one  piece  punched  through  without 
curling  or  crossing  the  fibre,  and  the  spindle  which  holds  the 
WD  to  the  crown  is  likewise  straight.  This  spindle  extends  some  distance  on  each  side 
^the  andior,  and  is  intended  to  answer  the  purpose  of  a  stock  ;  for  when  either  of  the 
^nds  of  the  spindle  comes  in  contact  with  the  ground,  the  anchor  will  be  thrown  over 
into  a  holding  position ;  or  an  iron  stock  may  be  introduced  near  the  shackle,  instead  of 
^cse  projecting  ends.  In  the  descent  of  the  anchor,  the  fluke  will  fall  over  towards 
^t  Side  which  is  nearest  the  ground,  and  wiU  there  be  ready  to  take  hold  when  the 
^iKluir  IS  drawn  forward. 

J^tg.  9  is  another  anchor  upon  the  same  principle,  bat 
slightly  varied  in  form  from  the  last.  In  this  the  forked  part 
of  the  shank  is  closer  than  in  the  former,  and  there  are  two 
arms  or  flukes  connected  to  the  crown-pieces,  one  of  which  faUs 
into  its  hoUing  position  as  the  anchor  comes  to  the  ground, 
and  is  held  at  its  proper  angle  by  the  other  fluke  stopping 
against  the  shank. 

Fig.  10  rewesents  another  variation  in  the  form  of  these 
improved  anchors,  having  two  tumbling  flukes,  which  are  both 
intended  to  take  hold  of  the  ground  at  the  same  tune.  The 
is  here,  as  before,  made  without  crossing  the  grain  of  the  iron,  and  the  eyes  for 
Siting  the  bolt  at  the  crown  and  at  the  shackle  are  punched  out  of  the  solid,  not 
formed  by  welding  or  turning  the  iron  round.   In  this  form  a  guard  is  mUoducej^  fiiX 
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the  crown,  to  answer  the  purpose  of  a  stock,  by  turning  the  flukes  over  into  a  holdiiig 
fiosition.  The  arms  and  nukes  are  made,  as  before  described,  of  the  straight  Shre  of 
ihe  iron  punched  through,  and  the  flukes  are  fixed  to  the  spindle,  which  passes  through 
the  crown-piece. 

Fig.  11  has  a  shnnk  without  any  fork,  but  formed  straight  throughout;  the  guard 
here  is  an  elongated  frame  of  iron,  for  the  same  purpose  as  a  stock,  and  is,  with  the 
tumbling  flukes,  fhstened  to  the  spindle,  which  passes  through  the  crown  of  the  anchor, 
and  causes  the  flukes  to  faU  into  their  holding  position. 

The  principles  of  these  new  anchors  are  considered  to  consist  in  shanks  which  are 
made  of  straight  lengths  of  metal,  and  finished  so  that  the  fibres  of  the  iron  shall  not  be 
injured  by  cross-shuts  or  uncertain  welding ;  also  each  arm  and  palm  is  made  in  one 
solid  piece,  and  finished  in  straight  lines,  so  that  the  fibres  will  not  be  altered,  and  the 
shaft-pin  or  spindle  will  also  be  in  one  straight  b'ne;  and  this  is  the  improvement 
claimed.  These  anchors,  being  made  in  separate  pieces,  give  a  great  advantage  to  the 
workman  to  execute  each  part  perfectly ;  for  he  will  not  have  such  hea\^  weights  to  Ufl 
when  hot,  which  will  render  these  anchors  much  stronger,  with  less  weight;  and  if  any 
accident  should  happen  to  them,  any  part  may  be  taken  separate  from  the  others  to  be 
repaired,  and  several  of  those  parts  of  the  anchor  which  may  be  likely  to  break  may  be 
carried  on  board,  in  case  of  accident.  This  anchor  is  so  contrived  that  one  of  thirty 
hundred  weight  may  be  taken  to  pieces  and  put  together  again,  by  one  man,  in  twenty 
minutes ;  it  may  also  be  dismounted,  and  stowed  in  any  part  of  the  ship,  in  as  little  room 
as  straight^bars  of  iron,  and  speedily  put  together  again. 

The  anchor  {Jig.  12)  patented  by  Mr.  Brunton,  in  February, 
1822,  has  its  stock  introduced  at  the  crown  part,  for  the  purpose 
of  turning  it  over  into  a  holding  position.  The  shank  is  perKva- 
ted  through  the  solid,  in  two  places,  with  elliptical  apertures,  for 
the  puri)ose  of  giving  it*  a  greater  stability,  and  more  eflfectual^ 
resisting  the  strain  to  which  the  anchor  may  be  subjected.  The 
stock  is  a  cylindrical  iron  rod,  held  at  its  extremities  by  lateral 
braces,  which  are  bolted  to  the  shank. 
Fig.  12  shows  the  form  of  the  anchor.  The  shank  is  seeo 
upright,  with  one  of  the  flukes  projecting  in  its  front ;  the  horizontal  iron  stock  is  at 
bottom ;  and  the  oblique  braces  are  bolted  to  both  shank  and  stodc.  The  ends  of  the 
stock,  from  the  shoulder,  are  formed  dove-tailed,  and  oval  in  t'he  vertical  direction,  and 

are  protruded  through  apertures  in  the  bra- 
ces, also  oval,  but  in  the  horizontal  direction, 
and  counter  sunk.  When  the  ends  of  the 
stock  have  been  thus  introduced  through  the 
holes,  the  braces  are  securely  bolted  to  the 
shank,  the  ends  of  the  stodc  are  then  spread, 
by  hammering  into  the  counter-sunk  holes 
of  the  braces,  and  by  that  means  they  are 
made  firm. 

An  anchor  of  this  description  if  consider- 
ed by  the  patentee  to  possess  considerable 
advantage,  particularly  in  point  of  stability, 
over  the  ordinary  construction  of  anchars, 
and  is  economical,  inasmuch  as  a  less  weight 
of  metal  will  give,  upon  this  plan,  an  equal 
degree  of  strength. 

An  ingenious  form  of  anchor  was  made 
the  subject  of  a  patent,  by  Lieutenant  Rodg— 
ers,  of  the  Royal  Navy,  in  1828,  and  was 
afterwards  modified  by  him  in  a  second  pa-- 
tent,  obtained  in  August,  1829.  The  whoter 
of  the  parts  of  the  anchor  are  to  be  boimd. 
together  by  means  of  iron  bands  or  hoops^ 
in  place  of  bolts  or  pins. 

Fig.  13  is  a  side  view  of  a  completer 
anchor,  formed  upon  his  last  improvedL 
construction,  and  fig.  14,  a  plan  of  ther 
same ;  fig.  15,  an  end  view  of  the  crowip. 
and  flukes,  or  arms;  fig.  16  represents 
the  two  principal  iron  plates,  a,  a,  aC 
which  the  shank  is  constructed,  but  so  as  to  form  parts  of  the  stump  arms  to  which  tb^ 
flukes  are  to  be  connected. 
The  crown  piece  is  to  be  welded  to  the  itomp  piece,  c,  c,  fig,  16,  as  well     to  tb^ 
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end  /  of  the  centre  piece  h  h,  and  the  scarfs  m  m  are  to  be  cat  to  receive  the  arms  or 
flakes.  Previously,  however,  to  uniting  the  arms  or  flukes  with  the  stump  arms,  the 
crown  and  throat  of  the  anchor  are  to  be  strengthened,  by  the  application  of  the  crown 
slabs  n  n^Jig.  16,  which  are  to  be  welded  upon  each  side  of  the  crown,  overlapping  the  ^ 
end  of  the  pillar  h,  and  the  throat  or  knees  of  the  stump  arms  and  the  crown  piece.  The 
stamp  arms  are  then  to  be  strengthened  in  a  simitar  manner,  by  the  thin  flat  pieces  p  py 
which  are  to  be  welded  upon  each  si^le.  The  pahns  are  united  to  the  flnkes  in  the 
nsaal  way,  and  the  flukes  are  also  united  to  the  stump  arms  by  means  of  the  long  scarfs 
m  m.  When  the  shank  of  the  anchor  has  been  thus  formed,  and  united  with  the  flukes, 
the  anchor  smith's  work  mny  be  said  to  be  complete. 

Another  of  the  improvements  in  the  construction  of  anchors,  claimed  under  this 
patent,  consists  in  a  new  method  of  affixing  the  stock  upon  the  shank  of  the  anchor, 
which  is  effected  in  the  following  manner  :  in  fig.  14,  the  stock  is  shown  affixed  to  the 
anchor;  in  Jig.  17,  it  is  shown  detached.  U  may  be  made  either  of  one  or  two  pieces 
of  timber,  as  may  be  found  most  convenient.  It  i<,  however,  to  be  observed  that  the 
stock  is  to  be  completed  before  fltting  on  to  the  shank.  After  the  stock  is  shaped,  a  hole 
b  to  be  made  through  the  middle  of  it,  to  flt^hat  part  of  tbo  shank  to  which  it  is  to  be 
afilxed.  Two  stock  plates  are  then  to  be  let  in,  one  on  each  side  of  the  stock,  and  made 
fast  by  counter  sunk  nails  and  straps,  or  hoops;  other  straps  or  hoops  of  iron  are  also  to  ^ 
be  placed  round  tlie  stork,  as  usual. 

In  place  of  nuts,  formed  ui)oa  the  shank  of  the  anchor,  it  is  proposed  to  secure  the 
stock  by  means  of  a  hf>op  and  a  key,  shown  above  and  below  J,  in  fig,  1-1.  By  this 
contrivance,  the  stock  is  prevented  from  goin?  nearer  to  the  crown  of  the  anchor  than  it 
ooKht  to  do,  and  the  key  prevents  it  from  sliding  towards  the  shnckle. 

Since  fitting  the  stock  to  the  shank  of  an  anchor,  by  this  method,  prevents  the  use  of 
a  rinsf,  as  in  the  ordinary  manner,  the  patentee  says  that  he  in  all  cases  substitutes  a 
shackle  for  the  rin^,  and  which  is  all  that  is  required  for  a  chain  cable ;  bui,  when  a 
bempen  cable  i?  to  he  used,  he  connects  a  ring  to  the  usual  shackle,  by  means  of  a  join- 
ia?  shackle,  as  in  figs,  13  and  14. 

Mr.  Rod'jcrs  proposes,  under  another  patent,  dated  July,  1833,  to  alter  the  size  and 
form  of  the  palms ;  having  found  from  experience  that  anchors  with  small  palms  will 
not  only  hold  better  than  with  large  ones,  but  thai  the  arms  of  the  anchor,  even  without 
any  palm«,  have  been  found  to  take  more  secure  hold  of  the  ground  than  ancliors  of  the 
old  construction,  of  similar  weiuhl  and  length.  He  has,  accordingly,  fixed  upon  one- 
fifth  of  the  lengthof  the  arm,  as  a  suitable  proportion  for  the  length  or  depth  of  the  palm. 
He  makes  the  palms,  al<o,  broader  than  they  are  long  or  deep. 

ANIME'.  A  resin  of  a  pale  brown  yellow  color,  transparent  and  brittle.  It  exudes 
from  the  courbaril  of  Cayenne,  a  tree  which  grows  also  in  various  pans  of  South  Ameri- 
ca, It  occurs  in  pieces  of  various  sizes,  and  it  oAen  contains  so  many  injects  belonging 
to  Uviag  species,  as  to  have  merited  its  name,  as  being  animated.  It  contains  about  a 
fiAh  of  one  per  cent,  of  a  volatile  oil,  which  cives  it  an  agreeable  odor.  Alcohol  does 
not  dissolve  the  genuine  animo,  as  I  have  ascertained  by  careful  experiments;  nor  does 
eaoatchoucine :  but  a  mixture  of  the  two,  in  equal  parts,  softens  it  into  a  tremulous  jel- 
ly, though  it  will  not  produce  a  liquid  solution.  When  reduced  to  this  state,  the  insects 
can  be  easily  pickerl  onU  without  injury  to  their  most  delicate  parts. 

The  specific  gravity  of  the  different  specimens  of  animc  which  I  tried,  varied  from 
l'054  to  r057.  When  exposed  to  heat,  in  a  glass  letort  over  a  spirit  flame,  it  softens, 
tid,  by  careful  management,  it  may  be  brought  into  liquid  fusion,  without  discoloration. 
It  then  exhales  a  few  while  vapors,  of  an  ambrosiacal  odor,  which  being  condensed  in  wa- 
ter, and  the  liquid  being  tested,  is  found  to  be  succinic  acid.  Author. 

It  is  extensively  used  by  the  varnish  makers,  who  fuse  it  at  a  pretty  high  heat,  and  in 
this  state  combine  it  with  their  oils,  or  other  varnishes. 
A!<fKER.    A  liquid  measure  of  Amsterdam,  which  contains  32  gallons  English. 
ANNEALING  or  NEALING.    (Le  remit,  Fr.;  das  anJassen,  Germ.)    A  process 
by  which  glass  is  rendered  less  frangible ;  and  metals,  which  have  become  brittle,  either 
in  consequence  of  fusion,  or  long-continued  hammering,  are  again  rendered  malleable. 
When  a  glass  vessel  is  allowed  to  cool  immediately  aAer  being  made,  it  will  often  sustain 
the  shock  of  a  pistol-bullet,  or  any  other  blunt  bo<ly  falling  into  it  from  a  considerable 
height;  while  a  small  splinter  of  flint,  or  an  angular  fragment  of  quartz,  dropped  gently 
into  it,  makes  it  sometimes  immediately,  sometimes  after  a  few  minutes,  fly  to  pieces 
with  CTeat  violence.    This  extreme  fragility  is  prevented  by  annealing,  or  placing  the 
vessels  in  an  oven,  where  they  take  several  hours  or  even  some  days  to  cool.  Similar  phe- 
nonena  are  exhibited  in  a  higher  degree  by  glass-tears,  or  Prince  Rupert's  drops.  They 
tie  procured  by  letting  drops  of  melted  elass  fall  into  cold  water.   Their  form  resembles 
thai  of  a  pear,  rounded  at  one  extremity,  and  tapering  to  a  very  slender  tail  at  the  other.  • 
V  t  part  of  the  tail  be  broken  off,  the  whole  drop  flies  to  pieces  with  a  loud  explosion ; 
tti  yet  the  tail  of  a  drop  may  be  cut  away  by  a  glass-cutter's  wheel,  or  the  thick  end 
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may  be  struck  smartly  with  a  hammer,  without  the  fear  of  snstaining  aoy  injiiry.  When 
heated  to  redness,  and  permitted  to  cool  gradually  in  the  open  air,  they  lose  these  peca- 
liarities,  and  do  not  differ  sensibly  from  common  glass. 

The  properties  of  unannealed  glass  depend  on  a  peculiar  structure,  extending  uni- 
formly through  its  whole  substance ;  and  the  bursting  of  a  glass  drop  by  breaking  off 
the  tail,  or  of  an  unannealed  glass  vessel,  by  dropping  a  piece  of  flint  into  it,  arises  from 
a  crack  being  thus  begun,  which  afterwards  extends  its  ramifications  in  different  direc- 
tions throughout  the  glass. 

When  metals  have  been  extended  to  a  certain  degree  under  the  hammer,  they  become 
brittle,  and  incapable  of  being  further  extended  without  cracking.  In  this  ease  the 
workman  restores  their  malleability  by  annealing,  or  heating  them  red-hot.  The 
rationale  of  this  process  seems  to  be,  that  the  hammering  and  extension  of  the  metal 
destroy  the  kind  of  arrangement  which  the  particles  of  the  metal  had  previous  to  the  ham- 
mering ;  and  that  the  annealing,  by  softening  the  metal,  enables  it  to  recover  its  original 
structure. 

Of  late  years  a  mode  has  been  discovered  of  rendering  cast  iron  malleable,  without 
subjecting  it  to  the  action  of  puddling.  The  process  is  somewhat  similar  to  that  em- 
ployed in  annealing  glass.  The  metal  is  ^ept  for  several  hours  at  a  temperature  a  little 
below  its  fusing  point,  and  then  allowed  to  cool  slowly.  In  this  manner  vessels  are 
made  of  cast  iron  which  can  sustain  considerable  violence,  without  being  broken.  See 
Steel,  soAening  of. 

ANNOTTO.  (RocoUy  or  roucou,  Fr. ;  orhans.  Germ.)  A  somewhat  dr}'  and  hard  paste, 
brown  without,  and  red  within.  It  is  usually  imported  in  cakes  of  two  or  three  pounds 
weight,  wrapped  up  in  leaves  of  large  reedss,  packed  in  casks,  from  America,  where  it  is 
prepiEu-ed  from  the  seeds  of  a  certain  tree,  the  hixa  oreUanay  of  Linnsus. 

The  pods  of  the  tree  being  gathered,  their  seeds  are  taken  out  and  bruised ;  they  are 
then  transferred  to  a  vat,  which  is  called  the  steeper,  where  they  are  mixed  with  as  much 
water  as  covers  them.  Here  the  substance  is  left  for  several  weeks,  or  even  months; 
it  is  now  squeezed  through  sieves  placed  above  the  steeper,  that  the  water  containing 
the  coloring  matter  in  suspension  may  return  into  the  vat.  The  residuum  is  preserved 
imder  the  leaves  of  the  anana  (pine-apple)  tree,  till  it  becomes  hot  by  fermentation.  It 
is  again  subjected  to  the  same  operation,  and  this  treatment  is  continued  till  no  more 
color  remains. 

The  substance  thus  extracted  is  passed  through  sieves,  in  order  to  separate  the 
remainder  of  the  seeds,  and  the  color  is  allowed  to  subside.  The  precipitate  is  boiled 
in  coppers  till  it  be  reduced  to  a  consistent  paste ;  it  is  then  suffered  to  cool,  and  dried  m 
the  shade. 

Instead  of  this  long  and  painful  labor,  which  occasions  diseases  by  the  putrefaction  in- 
duced, and  which  affords  a  spoiled  product,  Leblond  proposes  simply  to  wash  the  seeds  of 
annotto  till  they  be  entirely  deprived  of  their  color,  which  lies  wholly  on  their  surface; 
to  precipitate  the  color  by  means  of  vinegar  or  lemon  juice,  and  to  boU  it  up  in  the  ordi- 
nary manner,  or  to  drain  it  in  bags,  as  is  practised  with  indigo. 

The  experiments  which  Vauquelin  made  on  the  seeds  of  annotto  imported  by  Leblond, 
confirmed  the  efficacy  of  the  process  which  he  proposed ;  and  the  dyers  ascertained  that 
the  annotto  obtained  in  this  manner  was  worth  at  least  four  times  more  than  that  of  com- 
merce ;  that,  moreover,  it  was  more  easily  employed  ;  that  it  required  less  solvent ;  that 
it  gave  less  trouble  in  the  copper,  and  furnished  a  purer  color. 

Annotto  dissolves  better  and  more  readily  in  alcohol  than  in  water,  when  it  is  intro- 
duced into  the  yellow  varnishes  fur  conmiunicating  an  orange  tint. 

The  decoction  of  annotto  in  water  has  a  strong  peculiar  odor,  and  a  disagreeable 
taste.  Its  color  is  yellowish- red,  and  it  remains  a  little  turbid.  An  alkaline  solution 
renders  its  orange-yellow  clearer  and  more  agreeable,  while  a  small  quantity  of  a  whitish 
substance  is  separated  from  it,  which  remains  suspended  in  the  liquid.  If  annotto  be 
boiled  in  water  along  with  an  alkali,  it  dissolves  much  better  than  when  alone,  and  the 
liquid  has  an  orange  hue. 

The  acids  form  with  this  liquor  an  orange-colored  precipitate,  soluble  in  alkalies, 
which  conmiunicate  to  it  a  deep  orange  color.  The  supernatant  liquor  retains  only  a 
pale  yellow  hue. 

When  annotto  is  used  as  a  dye,  it  is  always  mixed  with  alkali,  which  facilitates  its 
solution,  and  gives  it  a  color  inclining  less  to  red.  The  annotto  is  cut  in  pieces,  and 
boiled  for  some  instants  in  a  copper  with  its  own  weight  of  crude  pearl  ashes,  provided 
the  shade  wanted  do  not  require  less  alkali.  The  cloths  may  be  thereafter  dyed  in  this 
bath,  either  by  these  ingredients  alone,  or  by  adding  others  to  modify  the  color ;  but  an- 
notto is  seldom  used  for  woollen,  becaiise  the  colors  which  it  gives  are  too  fugitive,  and 
,may  be  obtained  by  more  permanent  dyes.  Hellot  employed  it  to  dye  a  stuff,  prepared 
with  alum  and  tartar;  but  the  color  acquired  had  little  permanence.  It  is  almost  solely 
ttsed  for  silks. 
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For  silks  intended  to  become  aurora  and  orange,  it  is  sufficient  to  scour  them  at  the 
rate  of  20  per  cent,  of  soap.  When  they  have  been  well  cleansed,  they  are  immerMd 
ta  a  bath  prepared  with  water,  to  which  is  added  a  quantity  of  alkaline  solution  of  an- 
aotto,  more  or  less  considerable  according  to  the  shade  that  may  be  wanled.  This  bath 
should  have  a  mean  temperature,  between  that  of  tepid  and  boiling  water. 

When  the  silk  has  become  uniform,  one  of  the  hanks  is  taken  out,  washed,  and  wrung, 
to  see  if  the  oofor  be  sufficiently  fall ;  if  it  be  not  so,  more  solution  of  annotto  is  added, 
and  the  silk  is  turned  again  round  the  sticks  :  the  solution  keeps  without  alteration. 

When  the  desired  shade  is  obtained,  nothing  remains  but  to  wash  the  silk,  and  give  it 
two  beetlinvrs  at  the  river,  in  order  to  free  it  from  the  redundant  annotto,  which  would 
injure  the  lustre  of  the  color. 

When  raw  silks  are  to  be  dyed,  those  naturally  white  are  chosen,  and  dyed  in  the  an- 
notto bath,  which  should  not  be  more  than  tepid,  or  even  cold,  in  order  that  the  alkali 
may  not  attack  the  gum  of  the  silk,  and  deprive  it  of  the  elasticity  which  it  is  desirable 
for  it  to  preserve. 

What  has  been  now  said  regards  the  silks  to  which  the  aurora  shades  are  to  to  be  given ; 
but  to  make  an  orange  hue,  which  contains  more  red  than  the  aurora,  it  is  requisite, 
aAer  dyeing  with  annotto,  to  redden  the  silks  with  vinegar,  alum,  or  lemon  juice.  The 
add,  by  saturating  the  alkali  employed  for  dissolving  the  annotto,  destroys  the  shade  of 
yellow  that  the  alkali  had  given,  and  restores  it  to  its  natural  color,  which  inclines  a 
good  deal  to  red. 

For  the  deep  shades,  the  practice  at  Paris,  as  Macquer  informs  us,  is  to  pass  the  silks 
through  alum;  and  if  the  color  be  not  red  enough,  they  are  passed  through  a  faint  bath 
of  brazil  wood.  At  Lyons,  the  dyers  who  use  carthamus,  sometimes  employ  old  baths 
of  this  ingredient  fur  dipping  the  deep  oranges. 

When  the  orange  hues  have  been  reddened  by  alum,  they  must  be  washed  at  the  river; 
but  it  is  not  necessary  to  beetle  them,  unless  the  color  turns  out  too  red. 

Shades  may  be  obtained  also  by  a  single  operation,  which  retain  a  reddish  tint,  em- 
pbying  for  the  annotto  bath  a  less  proportion  of  alkali  than  has  been  pointed  out. 

Gahiiche  recommends  to  avoid  heat  in  the  preparation  of  annotto.  He  directs  it  to  be 
placed  in  a  glass  vessel,  or  in  a  glazed  earthen  one;  to  cover  it  with  a  solution  of  pure 
alkali ;  to  leave  the  mixture  at  rest  for  24  hours ;  to  decant  the  liquor,  filter  it,  and  add 
water  repeatedly  to  the  residuum,  leaving  the  mixture  each  lime  at  rest  for  two  or  three 
days,  till  the  water  is  no  longer  colored  ;  to  mix  all  these  liquors,  and  preserve  the  whole 
for  use  in  a  well-stopped  vessel. 

He  macerates  the  silk  for  12  hours  in  a  solution  of  alum,  at  the  rate  of  an  eighth  of 
this  salt  for  one  part  of  silk,  or  in  a  water  rendered  acidulous  by  the  aceto-citric  acid 
above  described ;  and  he  wrings  it  well  on  its  coming  out  of  tlys  bath 

Silk  thus  prepared  is  put  into  the  annotto  bath  quite  cold.  It  is  kept  in  agitation 
there  till  it  has  taken  the  shade  sought  for ;  or  the  liquor  may  be  maintained  at  a  heat 
(kr  below  ebullition.  On  being  taken  out  of  the  bath,  the  silk  is  to  be  washed  and  dried 
is  the  shade. 

For  lighter  hues,  a  liquor  less  charged  with  color  is  taken ;  and  a  little  of  the  acid 
liquid  which  has  served  for  the  mordant  may  be  added,  or  the  dyed  silk  may  be  passed 
tkinmgh  the  acidulous  vmter. 

We  have  seen  the  following  preparation  employed  for  cotton  velvet : — one  part  of 
qiiicklime,  one  of  potash,  two  of  soda. 

Of  these  a  ley  is  formed,  in  which  one  part  of  annotto  is  dissolved ;  and  the  mixture 
ii boiled  for  an  hour  and  a  half.  This  bath  affords  the  liveliest  and  most  brilliant  auro- 
ns.  The  buff  (chamois)  fugitive  dye  is  also  obtained  with  this  solution.  For  this  pur- 
pose only  a  little  is  wanted ;  but  we  must  never  forget,  that  the  colors  arising  from  an- 
•otto  are  all  fugitive. 

Dr.  John  found  in  the  pulp  surrounding  the  unfermented  fresh  seeds,  which  are  about 
the  size  of  little  peas,  28  parts  of  coloring  resinous  matter,  26*5  of  vegetable  gluten,  20 
<iriigneous  fibre,  20  of  coloring  exiractive  matter,  4  formed  of  matters  analogous  to  vege- 
lible  gluten  and  extractive,  and  a  trace  of  spicy  and  acid  matters. 

The  Gloucestershire  cheese  is  colored  with  annotto,  in  the  proportion  of  one  cwt.  to 
ounce  of  the  dye. 

When  used  in  calico-printing,  it  is  usually  mixed  with  potash  or  ammonia  and  starch. 
It  is  an  appropriate  substance  for  tinging  varnishes,  oils,  spirits,  &c. 
The  import  duty  upon  annotto  is  Is.  per  cwt.  for  flag,  and  4s.  for  other  sorts.    In  1834, 
^52,981  lbs.  were  imported;  and  in  1835,  163,421  Ibs^    The  revenue  from  this  drug  in 
tkoe  two  years,  was  180/.  and  98/.  respectively. 

ANTHRACITE,  from  avO<>a^,  coal,  is  a  species  of  coal  found  in  the  transition  rock 
facoatMu,  and  is  o(len  called  stone  coal.  It  has  a  grayish  black,  or  iron  black  color, 
<i  imperfectly  metallic  lustre,  conchoidal  fracture,  and  a  specific  gravity  of  from  1*4  to 
1*^  bdngj^therefixrey  much  denser  than  the  coal  of  the  proper  coal  measures.   It  consists 
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wholly  of  carbon,  with  a  small  and  variable  proportion  of  iron,  silica,  and  almniiw.  It 
is  difficult  to  kindle  in  separate  masses,  and  bums  when  in  heaps  or  grates  withoat 
smell  or  smoke,  leaving  sometimes  an  earthy  residuum.  It  has  been  little  explored  or 
worked  in  the  old  world ;  but  is  extensively  used  in  the  United  States  of  America,  and 
has  become  of  late  years  a  most  valuable  mineral  to  that  country,  where  it  is  burned  in 
peculiar  grates,  adapted  to  its  difficult  combustion.  In  Pennsylvania  the  anthracite  coal 
formation  has  been  traced  through  a  tract  many  miles  in  width,  and.  extending  across 
the  two  entire  counties  of  Luzerne  and  Schuylkill.  At  Maunch  Chunk,  upon  the  Le- 
high, 800  men  were  employed,  so  far  back  as  1825,  in  digging  this  coal.  In  that  year 
7^,000  bushels  were  despatched  for  Philadelphia.  It  is  worked  there  with  little  cost  or 
labor,  being  situated  on  hills  from  300  to  600  feet  above  the  level  of  the  neighboring 
rivers  and  canals,  and  existing  in  nearly  horizontal  beds,  of  from  15  to  40  feet  in  thick- 
ness, covered  by  only  a  few  feet  of  gravelly  loam.  At  Port<>mouth,  in  Rhode  Island,  an 
extensive  stratum  of  this  coal  has  been  worked,  with  some  interruptions,  for  20  years ; 
and  more  recently  a  mine  of  anthracite  has  been  opened  at  Worcester,  in-  Massachusetts, 
at  the  head  of  the  Blackstone  canal.  It  has  been  of  late  employed  in  South  Wales,  for 
smelting  iron,  and  in  a  cupola  blast  furnace,  by  Mr.  Crane. 

ANTIGUGGLER.  A  small  syphon  of  metal,  which  is  inserted  into  the  months  of 
casks,  or  large  bottles,  called  carboys,  to  adjjpit  air  over  the  liquor  contained  in  them,  and 
thus  to  facilitate  their  being  emptied  without  agitation  or  a  guggling  noise. 

ANTIMONY.  {Jntimoine,  Fr. ;  SpicssglanZy  or  Spiessglass,  Ger.)  The  only  ore 
of  this  metal  found  in  sufficient  abundance  to  be  smelted,  is  the  sulphuret,  formerly 
called  crude  antimony.  It  occurs  generally  in  masses,  consisting  of  needles  closely 
aggregated,  of  a  metallic  lustre,  a  lead-giay  color,  inclining  to  steel-gray,  which  is  no- 
changed  in  the  streak.  The  needles  are  extremely  brittle,  and  melt  even  in  the  flame 
of  a  candle,  with  the  exhalation  of  a  sulphureous  smell.  The  powder  of  this  solphnret 
is  very  black,  and  was  employed  by  women  in  ancient  times  to  stain  their  eyebrows  and 
eyelids.  This  ore  consists  in  100  parts  of  72*80  metal,  and  27*14  sulphur.  Specific 
gravity  from  4-13  to  4-6. 

The  veins  of  sulphuret  of  antimony  occur  associated  with  gangues  of  quartz,  sulphate 
of  barytes,  and  carbonate  of  lime  ;  those  of  AUemont  occur  in  the  nun^rous  fissures  of  a 
mica  schist,  evidently  primitive. 

In  treating  the  ore  to  obtain  the  metal,  the  first  object  is  to  i»eparate  the  gangne, 
which  was  formerly  done  by  filling  crucibles  with  the  mixed  materials,  placing  them  on 
the  hearth  of  an  oven,  and  exposing  them  to  a  moderate  heat.  As  the  sulphuret  easily 
melts,  it  ran  out  through  a  hole  in  the  bottom  of  the  crucible  into  a  pot  placed  beneath^ 
and  out  of  the  reach  of  the  fire.  But  the  great  loss  from  breakage  of  the  cracibles,  has 
caused  another  method  to  be  adopted.  In  this  the  broken  ore,  being  sorted,  is  laid  on 
the  bottom  of  a  concave  feverberatory  hearth,  where  it  is  reduced. 

Figs.  18,  19,  represent  a  wind  or  flame  furnace,  for  the  reduction  of  antimony.  The 


introducing  the  prepared  ore,  and  running  oflf  the  slags ;  d,  the  bridge;  e,  the  grate;  /, 
the  fire  or  fuel  door ;  g,  the  chimney.  With  2  or  3  cwt.  of  ore,  the  smelting  process  is 
completed  in  from  8  to  10  hours.  The  metal  thus  obtained  is  not  pure  enout;h,  bnt  must 
be  fused  under  coal  dust,  in  portions  of  20  or  30  pounds,  in  crucibles,  placed  upon  a 
reverberatory  hearth. 

To  obtain  antimony  free  from  iron,  it  should  be  fused  with  some  antiraonic  oxyde  in 
a  crucible,  whereby  the  iron  is  oxydized  and  separated.  The  presence  of  arsenic  in 
antimony  is  detected  by  the  garlic  smell,  emitted  by  such  an  aQoy  when  heated  at  the 
blow-pipe;  or,  better,  by  igniting  it  with  nitre  in  a  crucible;  in  which  ease,  insoluble 
antimonite  and  antimoniate  of  potash  will  be  formed  along  with  soluble  arseniate. 
Water  digested  upon  the  mixture,  filtered,  and  then  tested  with  nitrate  of  silver,  will  af- 
ford the  brown-red  precipitate  characteristic  of  arsenic  acid. 

According  to  Bcrthier,  the  following  materials  afiford,  in  smelting,  an  excellent  pro- 
duct of  antimony  :  100  parts  of  sulphuret ;  60  of  hammerschlag  (protoxyde  of  iron  from 
the  shingling  or  rolling  mills)  ;  45  to  50  of  carbonate  of  ^oda ;  and  10  of  charcoal  pow- 
der. From  65  to  70  parts  of  metallic  antimony  or  regulus  should  be  obtained.  Glauber 
salts  may  be  used  instead  of  soda.  For  another  mode  of  smelting  antimony,  at  Malbos^ 
in  the  department  of  Ard^che,  in  France,  see  Liquation. 

In  the  works  where  antimonial  ores  are  smeltedj  by  means  of  tartar  (argol),  the  alk»- 
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ht  norie,  which  coTer  the  metallic  ingots,  are  not  rejected  as  useless,  for  they  hold 
t  eertiiB  quantity  of  antimonial  oxyde  in  combination ;  a  property  of  the  potash  flux, 
vkieh  if  propitkras  to  the  purity  of  the  metal.  These  scoricc,  consisting  of  sulphnret 
tt  pottmnm  and  antinxmite  of  potash,  being  treated  with  water,  undergo  a  reciprocal 
deeonpoutioo ;  the  elements  of  the  water  act  on  those  of  the  snlphuret,  and  the 
Rnkiof  alkaline  hydro-sulphnret  reacts  on  the  antimonial  solution,  so  as  to  form  a 
iIKciei  of  ktrmes  mineral,  which  precipitates.  This  is  dried,  and  sold  at  a  low  price  an 
a  Trteriaary  medicine,  under  the  name    ktrmes,  by  the  dry  way. 

SfetaUie  antimony,  as  obtained  by  the  preceding  process,  is  the  antinwny  of  com- 
Mree,  bat  is  not  absolutely  pure ;  containing  frequently  minute  portions  of  iron^  lead, 
nd  cren  anenic ;  the  detection  and  separation  of  which  belong  to  the  sciences  of  che- 
wktaj  aid  pharmacy.  Antimony  Ls  a  brittle  metal,  of  a  silvery  white  color,  with  a 
tiife  of  blue,  a  lamellar  texture,  and  crystalline  fracture.  When  heated  at  the  blow- 
pi^  it  melts  with  great  readiness,  and  diffuses  white  \'apors,  possessing  somewhat  of  a 
pt\k  fluelL  If  thrown  in  this  melted  state  on  a  sheet  of  Aat  paper,  the  globule  sparkles, 
m4  bants  into  a  multitude  of  small  spheroids,  which  retain  their  incandescence  for  a 
loBf  time,  and  run  about  on  the  paper,  leaving  traces  of  th*e  white  oxyde  produced 
hiint  the  combustion.  When  this  oxyde  is  fused  with  borax,  or  other  vitrifying  mat- 
ter, it  imparts  a  yellow  eolor  to  it.  Metallic  antimony,  treated  with  hot  nitric  acid  and 
HI  t  concentrated  state,  is  eonrerted  into  a  powder,  oilled  antimonions  acid,  which  is 
lito^er  insoluble  in  the  ordinary  acid  menstrua;  a  property  by  which  the  chemist 
ca  separate  that  metal  from  lead,  iron,  copper,  bismuth,  and  silver.  According  to 
IfflpMD,  the  specific  gravity  of  antimony  is  6*86 ;  but  Haidinger  makes  the  Swedish 
Mtive  metal  only  6-646.  The  alchemists  had  conceived  the  most  brilliant  hopes  of  this 
KttL  The  facility  with  which  it  is  alloyed  with  gold,  since  its  fumes  alone  render  this 
■Ht  ductile  metal  immediately  brittle,  led  them  to  assign  to  it  a  royal  lineage,  and  to 
tiitiafQi»h  it  by  the  title  of  regWiu,  or  the  little  king. 

It*  chief  emplojrment  now  is  in  medicine,  and  in  making  the  alloys  called  type  metal, 
Kereotype  metal,  music  plates,  and  Britannia  metal ;  the  first  consisting  of  6  of  lead  and 
t  flf  antimony ;  the  second  of  6  of  lead  and  1  of^  antimony ;  the  third  of  lead,  tin, 
mi  tatimony ;  and  the  fourth  also  of  lead,  tin,  and  antimony,  with  occasionally  a  little 
copper  aad  binnath. — For  Glass  of  antimony,  see  Pastes. 

ANTISEPTICS.  Substances  which  c(»unteract  the  spontaneous  decomposition  of 
•liaal  and  ves^etable  substances.  These  are  chiefly  culinary  salt,  nitre,  spices,  and 
mfttf  which  operate  partly  by  inducing  a  change  in  the  animal  or  vegetable  fibres, 
mi  partly  by  rendering  the  aqueous  constituent  unsusceptible  of  decomposition.  See 
Pfeormoiff,  cuntno  or. 

ANVIL.  A  mass  of  iron,  haying  a  smooth  and  nearly  flat  top  surface  of  steel ;  upon 
vkick  bbcktmiths,  and  various  other  artificers,  forge  metals  with  the  hammer.  The  com- 
MB  aavil  is  asually  made  of  stfven  pieces  :  I ,  the  core,  or  body ;  2, 3, 4,  5,  the  four  corner 
pieoei  which  serve  to  enlarge  iu  base;  6,  the  projecting  end,  which  has  a  square  hole 
Artbereceptioa  of  the  tail  or  shank  of  a  chisel  on  which  iron  bars  may  be  cut  through ; 

7,  the  beak,  or  horizontal  cone  round  which  rods  or  slips  of  metal  may  be  turned 
iMt  a  drenlar  form,  as  in  making  rings.  These  6  pieces  are  welded  separately  to  the 
fnt,  or  core,  and  then  hammered  into  a  uniform  body.  In  manufacturing  large 
■avfli  two  hearths  are  needed,  in  order  to  bring  each  of  the  two  pieces  to  be  weld^, 
to  a  proper  heat  by  itself;  and  several  men  are  employed  in  working  them  together 
braUy  ia  the  weMiog  state,  by  heavy  swing  hammers.  The  steel  facing  is  applied  by 
nUiaf  ia  the  same  manner.  The  anvil  is  then  hardened  by  heating  it  to  a  cherry  re^ 
mi  plaannf  it  into  ooM  water ;  a  running  stream  being  preferable  to  a  pool  or  cistern. 
The  (hriag  tho«ld  not  be  too  thiek  a  plate,  for,  when  such,  it  is  apt  to  crack  in  the 
Meaiar.  The  lace  of  the  anvil  is  now  smoothed  upon  a  grindstone,  and  finally 
pUmkti  with  emery  and  eroeos,  for  all  delicate  purposes  of  art. 

The  MKknmth,  in  general,  sets  his  anvil  loosely  upon  a  wooden  block,  and  in  prefer- 
CMe  oa  the  root  of  an  oak.  But  the  cutlers  and  file-makers  fasten  their  anvils  to  a 
W|e  Uocfc  of  itooe,  which  is  an  advantage,  for  the  more  firmly  and  solidly  this  tool  ia 
MHMcCed  to  the  earth,  the  more  efficacious  will  be  the  blows  with  the  hammer  on  any 
ilitet  ^eed  opoo  it. 

AQUAFORTIB.  Nitric  acid,  somewhat  dilute,  was  so  named  by  the  alchemisu 
m  ■eeomit  of  its  strong  solvent  and  corrosive  operation  upon  many  mineral,  vegetable, 
mi  saioMd  lahaUnces.   See  Nitbic  Acid. 

AQUA  RE6IA.  The  name  given  by  the  alchemisU  to  that  mixture  of  nitric  and 
mtMt  aada  whkh  was  best  fitted  to  dissolve  gokl,  styled  by  them  the  king  of  th« 
Mis.  It  it  BOW  eaUed  nt/ro-timria/ic  acid. 

AQUA  VITA  The  name  very  absurdly  given  to  alcohol,  when  used  ui 
Mtethif  bevcnfe*  It  has  been  the  aaua  mortis  to  myriads  of  the  human  race ;  aad 
fwhaMy^WB  tof  dettroy  all  the  naUve  tribea  of  North  Ameriea  and  Australia. 


f8  ARCHIL. 

ABCHIL.  A  violet  red  paste  used  in  dyeing,  of  whkb  the  sobstanee  eaOed 
cndbtar  in  Scotland  (from  Cuthbert,  il»  first  preparer  in  that  form),  is  a  modificaoon. 
Two  kinds  of  archil  are  distinguished  in  commerce,  the  ardtU  plant  of  the  Canariefyand 
that  of  Auvergne.  The  first  is  most  esteemed :  it  is  prepared  from  the  h'cftcii  roedht, 
whkh  grows  on  rocks  adjoining  the  sea  in  the  Canary  and  Cape  de  Verd  Islands,  in  Star- 
dinia,  Minorca,  &c.,  as  well  as  on  the  rocks  of  Sweden.  The  second  species  is  prepared 
from  the  lichen  pareUus,  which  grows  on  the  basaltic  rocks  of  Aovergne. 

There  are  several  other  species  of  lichen  which  might  be  employed  in  prodndng  an 
analogous  dye,  were  they  prepared,  like  the  preceding,  into  the  substance  called  enrkiL 
Hellot  gives  the  following  method  for  discovering  if  they  possess  this  property.   A  little 
of  the  plant  is  to  be  put  into  a  glass  vessel ;  it  is  to  be  moistened  with  ammonia  and 
linie-water  in  equal  parts ;  a  little  muriate  of  ammonia  (sal  ammoniac)  is  added ;  and 
Uie  small  vessel  is  corked.   If  the  plant  be  of  a  nature  to  afiTord  a  red  dye,  aAer  three  or 
finir  days,  the  small  portion  of  liquid,  which  will  run  ofif  on  inclining  the  vessel,  now- 
opened,  will  be  tinged  of  a  crimson  red,  and  the  plant  itself  will  have  assumed  this  cokv* 
If  the  liquor  or  the  plant  does  not  take  this  color,  nothing  need  be  hoped  for ;  and  it  ir 
useless  to  attempt  its  preparation  on  the  great  scale.    Lewis  says,  however,  that  he  has^^B 
tested  in  this  way  a  great  many  mosses,  and  that  most  of  them  afiforded  him  a  yellow  oi  — ' 
reddish-brown  color ;  but  that  he  obtained  from  only  a  small  number  a  liquor  of  a  deep^cr"? 
red,  which  communicated  to  cloth  merely  a  yellowish-red  color. 

Prepared  archil  gives  out  its  color  very  readily  to  water,  ammonia,  and  alcohoL  Iti^^B^ 
solution  in  alcohol  is  used  for  filling  spirit-of-wine  thermometers ;  and  when  these  tlier- 
mometers  are  well  freed  from  air,  the  liquor  loses  its  color  in  some  years,  at  Abbe~ 
Nollet  observed.  The  contact  of  air  restores  the  color,  which  is  destroyed  anew,  in 
▼acoo,  in  process  of  time.  The  watery  infusion  loses  its  color,  by  the  privation  of  air^ 
in  a  few  days ;  a  singular  phenomenon,  which  merits  new  researches. 

The  infusion  of  archil  is  of  a  crimson  bordering  on  violet.   As  it  contains  amm 

which  has  already  modified  its  natural  color,  the  fixed  alkalies  can  produce  little  ch  ,   

on  it,  only  deepening  the  color  a  little,  and  making  it  more  violet.   Alum  forms  in  im 
a  precipitate  of  a  brown  red  ;  and  the  supernatant  liquid  retains  a  yellowish-red  eolor—  ' 
The  solution  of  tin  affords  a  reddish  precipitate,  which  falls  down  slowly ;  the  i 
natant  liquid  retains  a  feeble  red  color.   The  other  metallic  salts  produce  precip 
which  offer  nothing  remarkable. 

The  watery  solution  of  archil,  applied  to  cold  marble,  penetrates  it,  communicating  ( 
beautiful  violet  color,  or  a  blue  bordering  on  purple,  which  resists  the  air  much  ~ 
than  the  archil  colors  applied  to  other  substances.    Dufay  says,  that  he  has  seem 
tinged  with  this  color  preserve  it  without  alteration  at  the  end  of  two  years. 

To  dye  with  archil,  the  quantity  of  this  substance  deemed  necessary,  according  to  the 
quantity  of  wool  or  stufif  to  be  dyed,  and  according  to  the  shade  to  which  they  are  to  1 
brought,  is  to  be  diffused  in  a  bath  of  water  as  soon  as  it  begins  to  grow  warm.  The  I 
ii  then  heated  till  it  be  ready  to  boil,  and  the  wool  or  stufi*  is  passed  through  it 
any  other  preparation,  except  keeping  that  longest  in,  which  is  to  have  the  deepest! 
A  fine  gridelin,  bordering  upon  violet,  is  thereby  obtained ;  but  this  color  has  no  i 
nence.    Hence  archil  is  rarely  employed  with  any  other  view  than  to  modify,  heighten 
^Te  lustre  to  the  other  colors.    Hellot  says,  that  having  employed  archil  on  wool  I 
with  tartar  and  alum,  the  color  resisted  the  nir  no  more  than  what  had  received  no^ 
preparation.    But  be  obtained  from  herb  archil  (PorseiUe  d'herbe)  a  much  more  durables 
color,  by  putting  in  the  bath  some  solution  of  tin.   The  archil  thereby  loses  its  nataraL 
color,  and  assumes  one  approaching  more  or  less  to  scarlet,  according  to  the  qoantitjr" 
of  solution  of  tin  employed.   This  process  must  be  executed  in  nearly  the  same  manner 
M  that  of  scarlet,  except  that  the  dyeinsr  may  be  performed  in  a  single  bath. 

Archil  is  frequently  had  recourse  to  for  varying  the  different  shaides  and  giving  them 
fautre ;  hence  it  is  used  for  violets,  lilachs,  mallows,  and  rosemary  flowers.  To  obtain  a 
deeper  tone,  as  for  the  deep  soupes  au  vin,  sometimes  a  little  sJkali  or  mUk  of  lime  is 
mixed  with  it.  The  suites  of  this  browning  may  also  afford  agates,  rosemary  flowen, 
and  other  delicate  colors,  which  cannot  be  obtained  so  beautiful  by  other  proeeeaei. 
Alum  cannot  be  substituted  for  this  purpose ;  it  not  only  does  not  give  this  lustre,  hat 
it  degrades  the  deep  colors. 

The  herb-archil  is  preferable  to  the  archil  of  Auvergne,  from  the  greater  bloom  wfaiefa 
it  communicates  to  the  colors,  and  from  the  lar^r  quantity  of  cdoring  matter.  It 
has,  besides,  the  advantage  of  bearing  ebullition.  The  latter,  moreover,  does  not  answer 
with  alum,  which  destroys  the  color;  but  the  herb  archil  has  the  inconvenience  of 
dyeing  in  an  irregular  manner,  unless  attention  be  given  to  pass  the  cloth  through  koC 
water  as  soon  as  it  comes  out  of  the  dye. 

Archil  alone  is  not  used  for  dyeing  silk,  unless  for  lilachs ;  but  silk  is  freqoaitly 
pmed  turough  a  bath  of  archil,  either  before  dyeing  it  in  other  baths  or  ffier  it  has  been 
ifidf  in  order  to  modify  difierent  cdors,  or  to  give  them  lustre.  Examples  of  this 
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win  be  given  in  treating  of  the  compound  colon.  It  is  sufficient  here  to  point  oat  bow 
wlihe  silks  are  passed  through  the  archil  hath.  The  same  process  is  peiibrmed  wUh  a 
fasith  more  or  less  charged  with  this  color,  for  silks  already  dyed. 

Archil,  in  a  quantity  proportioned  to  the  color  desired,  is  to  be  boiled  in  a  copper.  The 
dear  liquid  is  to  be  run  off  quite  hot  from  the  archil  bajth,  leaving  the  sediment  at  the 
bottom,  into  a  tub  of  proper  size,  in  which  the  silks,  newly  scoured  with  soap,  are  to  be 
tnraed  round  on  the  skeln-sticks  with  much  exactness,  till  they  have  attained  the  wished- 
for  shade.   After  this  they  must  receive  one  beetling  at  the  river. 

Archil  is  in  general  a  very  useful  ingredient  in  dyeing ;  but  as  it  is  rich  in  color,  and 
eommonica'es  an  alluring  bloom,  dyers  are  oAen  tempted  to  abuse  it,  and  to  exceed  the 
proportions  that  can  add  to  the  beauty  without  at  the  same  time  injuring  in  a  dangerous 
manner  the  permanence  of  the  colors.  Nevertheless,  the  color  obtained  when  solution 
of  tin  is  employed,  is  less  fugitive  than  without  this  addition :  it  is  red,  approaching  to 
scarlet.  Tin  appears  to  be  the  only  ingredient  which  can  increase  its  durability.  The 
solution  of  tin  may  be  employed,  not  only  in  the  dyeing  bath,  but  for  the  preparation  of 
the  silk.  In  this  case,  by  mixing  the  archU  with  other  coloring  substances,  dyes  may  be 
obtained  which  have  lustre  with  sufficient  durability. 

We  have  spoken  of  the  color  of  the  archil  as  if  it  were  natural  to  it ;  but  it  is,  really^ 
doe  to  an  alkaline  combination.  The  acids  make  it  pass  to  red,  either  by  saturating  the 
alkali,  or  by  substituting  themselves  for  the  alkali. 

The  L'chen  which  produces  archil  is  subjected  to  another  preparation,  to  make  turn- 
sole (litmus).  This  article  is  made  in  Holland.  The  lichen  comes  from  the  Canary 
Islands,  and  also  from  Sweden.  It  is  reduced  to  a  fine  powder  by  means  of  a  miU, 
and  a  certain  proportion  of  potash  is  mixed  with  it.  The  mixture  is  watered  with 
vine,  and  allowed  to  suffer  a  species  of  fermentation.  When  this  has  arrived  at  a 
certain  degree,  carbonate  of  lime  in  powder  is  added,  to  give  consistence  and  weight  to 
the  paste,  which  is  afterwards  reduced  into  small  parallelopipeds  that  are  carefully 
dried. 

The  latest  researches  on  the  lichens,  as  objects  of  manufacture,  are  those  of  Westring 
of  Stockholm.  He  examined  150  species,  among  which  he  found  several  which  might 
be  rendered  useful.  He  recommends  that  the  coloring  matter  should  be  extracted  in 
die  places  where  they  grow,  which  would  save  a  vast  expense  in  curing,  package,  car- 
riage, and  waste.  He  styles  the  coloring  substance  itself  cutbear,  persio,  or  turnsole; 
and  distributes  the  lichens  as  follows  : — 1st.  Those  which,  left  to  themselves,  exposed  to 
moderate  heat  and  moisture,  may  be  fixed  without  a  mordant  upon  wool  or  silk ;  such 
are  the  L.  cinereus,  amatontaf  ventosus,  corallinus,  loesiringii,  saxatilh,  ctmspassuty  bar- 
bahu,  pHcatut,  vulpinus,  ice. 

2.  Those  which  develop  a  coloring  matter,  fixable  likewise  without  mordant,  but  which 
require  boiling  and  a  complicated  preparation ;  such  are  the  lichens  sitbcameusy  dUleniiy 
fmnmacetLSf  jibatus,  fur/uraceus,  pulmonareusy  cornigaius,  cocciferusy  digifatus,  ancia- 
tiSf  aduncus,  &c.  Saltpetre  or  sea-salt  is  requisite  to  improve  the  lustre  and  fastness 
of  the  dye  given  by  this  group  to  silk. 

3.  Those  which  require  a  peculiar  process  to  develop  their  color;  such  as  those 
vhiek  become  purple  through  the  agency  of  stale  urine  or  ammonia.    Westring  em- 
ployed the  following  mode  of  testing : — He  put  three  or  four  drachms  of  the  dried 
and  powdered  lichen  into  a  flask ;  moistened  it  with  three  or  four  measures  of  cM 
spnog  water ;  put  the  stuff  to  be  dyed  into  the  mixture,  and  left  the  flask  in  a  cool 
pbee.   Sometimes  he  added  a  little  salt,  saltpetre,  quicklime,  or  sulphate  of  copper.  If 
BO  color  appeared,  he  then  moistened  the  lichen  with  water  containing  one  twentieth 
of  sal  ammoniac,  and  one  tenth  of  quicklime,  and  set  the  niixture  aside  in  a  cool  place 
from  eight  to  fourteen  days.   There  appeared  in  most  cases  a  reddish  or  violet  colored 
tint  ITius  the  lichen  cinereus  dyed  silk  a  deep  carmelite,  and  wool  a  light  carmelite ; 
^Lphysodet  gave  a  yellowish-gray;  the  pustulatus,  a  rose  red;  sanguinarius,  gray; 
Marnn,  found  on  the  rocks  of  Norway,  Scotland,,  and  England,  dyes  a  crimson-red. 
In  Jutland,  cutbear  is  made  from  it,  by  grinding  the  dry  lichen,  siHin?  it,  then  setting 
it  to  ferment  in  a  close  vessel  with  ammonia.   The  lichen  must  be  of  the  third  year's 
oowth  to  yield  an  abundant  dye ;  and  that  which  grows  near  the  sea  is  the  best.  It 
Ws  half  its  weight  by  drying.    A  single  person  may  gather  from  twenty  to  thirty 
pOQiids  a  day  in  situations  where  it  abounds.    No  less  than  2,289,685  pounds  were 
oaDQftctured  at  Chrisiiansand,  Flekkefiort,  and  Fakrsund,  in  Norway,  in  the  course  of 
^  six  years  prior  to  1812.    Since  more  solid  dyes  of  the  same  shade  have  been 
iiiTented,  the  archil  has  gone  much  into  disuse.    Federigo,  of  Florence,  who  revived 
id  ase  tt  the  beginning  of  the  fourteenth  century,  made  such  an  immense  fortune  by  iti 
pvparation,  that  his  family  became  one  of  the  grandees  of  that  city,  under  the  name  of 
OrieeUarii,  or  Rncellarii.    For  more  than  a  century  Italy  possessed  the  exclusive  art  of 
nddiks:  archil,  olhaining  the  lichens  from  the  islands  of  the  Mediterranean.  Acoordii^ 
to  tft  o^ai  report  of  1831,  Teneriffe  furnished  annually  500  quintals  (cwu.)  of  lichen  \ 
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the  Cuiaiy  Ides,  400 ;  Fnerta  Santora,  300 ;  Lancerot,  300 ;  Gomera,  300 ;  isle  of  For- 
nix 800.  This  business  belonged  to  the  crown,  and  brought  it  a  revenoe  of  1500  piastim 
Th0  ikrmers  paid  from  15  to  20  reals  for  the  right  to  gather  each  quintal.  At  that  tme 
the  quintal  fetched  in  the  London  market  4/.  sterling. 

Archil  is  perhaps  too  mnch  used  in  some  cloth  factories  of  England,  to  the  discredit  of 
ov  dyes.  It  is  said,  that  by  its  aid  one  third  of  the  indigo  may  be  saved  in  the  Une  vat; 
bat  the  color  is  so  much  the  more  perishable.  The  fine  sof\  tint  induced  upon  much  of 
the  hlack  cloth  by  means  of  archil  is  also  deceptive.  One  half-pound  of  cutbear  will 
dye  one  pound  of  woollen  cloth.  A  crimson  red  is  obtained  by  adding  to  the  de> 
eoetioc  of  archil  a  little  salt  of  tin  (muriate),  and  passing  the  cloth  throu.s;h  the  faatk, 
after  it  has  been  prepared  by  a  mordant  of  tin  and  tartar.  It  must  be  afterwards  paned 
through  hot  water. 

ARDENT  SPIRIT.   Alcohol  of  moderate  strength. 

AREOMETER  OF  BAUME'.   This  scale  is  much  used  by  the  French  authors. 
Specific  Gravity  Numbers  corresponding  with  Baum6's  Areometric  Degrees. 
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ARGILLACEOUS  EARTH.  The  earth  of  clay,  called  in  chemistry  alumina,  bectm^ 
it  is  obtained  in  greatest  purity  from  alum. 
ARGOL.    Crude  tartar ;  which  see. 

ARMS.    Weapons  of  war.    See  Fire-Arms  for  an  account  of  this  manufacture. 

ARRACK.  A  kind  of  intoxicating  beyerage  made  in  India,  by  distilling  the  fennent'^ 
ed  juice  of  the  cocna-nnt,  the  palmyra  tree,  and  rice  in  the  husk. 

Arrow  root.  The  root  of  the  maranta  arundinaceay  a  plant  which  grows  in  th^ 
West  Indie«,  furnishes,  by  pounding  in  morlars  and  elutriation  through  sieves,  a  peculutf' 
species  of  starch,  commonly,  but  improperly  called  arrow  root.  It  is  reckoned  more 
■ourishin?  than  the  starch  of  wheat  or  potatoes,  and  is  generally  also  freer  from  peculiar 
taste  or  flavor.  The  fresh  root  consists,  according  to  Benzon,  of  0*07  of  volatile  oil } 
26  of  starch  (23  of  which  are  obtained  in  the  form  of  powder,  while  the  other  3  must 
be  extracted  from  the  parenchyma  in  a  paste  by  boilintr  water)  ;  ]'58  of  vegetable  albii' 
men ;  0*6  of  a  gummy  extract ;  0*25  of  chloride  of  calcium ;  6  of  insoluble  fibrine ;  and 
66-6  of  water. 

The  import  duty  upon  arrow  root  Arom  our  own  colonies  is  U.  per  cwt. ;  from  foreign 
pnrtt  2d,  per  lib.  In  1835,  987,966  lbs.  were  imported,  of  which  only  6267  were  export- 
ed ;  leaving  895,406  for  home  consumption.  The  total  revenue  derived  that  year  from 
•ROW  root,  was  518/.   See  Starch. 

ARSENIC.  This  metal  occurs  native  in  the  state  of  oxyde,  and  also  combined  with 
fnlphur  under  the  improper  name  of  yellow  and  red  arsenic,  or  orpiment  and  realgar. 
Azienic  is  associated  with,  a  great  many  metallic  ores;  but  it  is  chiefly  extracted  fhu 
thoee  of  cobalt,  by  roasting,  in  which  ease  the  white  oxyde  of  arsenic,  or,  more  correctly, 
the  iiBenious  acid  is  obtained.   This  acid  is  introduced  occasionally  in  small  quantities 
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MplkeiMterMb  of  flint  glMt*  either  before  their  fusion,  or  in  the  melting  pot.  It  serves 
H  pemydiie  the  iron  oxjrde  in  the  sand,  and  thereby  to  purify  the  body  of  the  glnss : 
taaiacets  of  it  BMket  the  glass  milky. 

IdMi^s  grm  is  a  combination  of  this  arsenious  aeid  with  oxyde  of  copper,  or  an 
maiie  of  copper,  and  b  described  under  this  metal. 

Jnmatt  of  potash  is  prepared,  in  the  9inall  way,  by  exposing  to  a  moderate  heat  in  a 
mdUe,  a  mixture  of  equal  parts  of  white  arsenic  and  nitre  in  iH>wder.  After  fusion, 
ll!«enKible  is  to  be  cooled ;  the  contents  beins;  dissolved  in  hot  watrr,  and  the  solution 
tlmvd,  win  afford  rcipilar  crystals  on  cooling.  According  to  M.  lierzelius,  they  are 
ODposed  ©f  arsenic  acid,  63-87  ;  i>ola«ih,  26*16;  and  wator,  9-97.  It  is  an  acidulous 
<^  tad  is  hence  usually  called  the  binarseniate,  to  denote  timt  its  composition  is  2 
ktnu  of  arsenic  acid,  and  1  of  potash.  This  article  is  picixireU  upun  the  great  scale,  in 
>uoaT,  by  meltins:  niirc.and  arsenious  acid  together  in  a  cylinder  of  cast-iron.  A 
Mtnil  aneniate  also  is  readily  formed,  by  saturating  the  exce^  of  acid  in  the  above  salt 
Ti'li  potatli ;  it  does  not  crystallize.  The  acid  arseniate  is  occasionally  used  in  calico 
lifiiitinf;,  ftr  preventing  certain  points  of  the  cotton  cloth  from  taking  on  the  mordant; 
i\\h  which  view  it  is  mixed  up  with  gimi  water  and  pipe-clay  into  a  paste,  which  is  ap- 
plied to  sQch  places  with  a  block. 

The  extraction  of  arsenic  from  the  cobalt  ores,  is  performed  at  Altenberg  and  Reichen- 
Mria,  ia  Silesia,  with  an  apparatus,  excellently  contrived  to  protect  the  health  of  the 
wHlen  from  the  vapors  of  this  mu>t  noxious  metallic  sublimate. 

Ftp.  20  to  23  represent  the  arsenical  furnaces  at  Altenberg.  Fig.  20  is  a  vertical 
Hdiooof  the  poison  tower;  Jig.  21,  a  longitudinal  section  of  the  subliming  furnace  a, 
vith  the  adjoining  vault  b,  and  the  poison  tower  in  part  at  n ;  fig,  22,  the  transverse 
**tlkm  of  the  furnace  a,  of  fig.  21  ;  fig.  23,  ground  plan  of  the  furnace  a,  wher.'  the 
iMlf  shows  the  part  above,  and  the  right  the  part  below  the  muffle  or  oblong 
r'tfitt;  ■'  is  the  upper  view,  b"  the  ground  plan  of  the  vault  b,  of  fig.  21 ;  m,  n,  the 
U  <«  flir  the  poison  tower.  In  the  several  figures  the  same  letters  denote  &e  same  objects ; 


i  ii  the  nniBe ;  6  it  its  month  for  turning  over  the  arsenical  schlich,  or  ground  ore ; 
<(r,  fie  dranchtt  or  flaet ;  an  aperture  for  charging  the  muffle  with  fresh  schlich; 
^tte  aiolce  chimney ;  /,  two  channels  or  flues  for  the  ascent  of  the  arsenious  fnmes, 
Jtfah  proeeed  to  other  two  fluet  g,  and  then  terminate  both  in  h,  which  conducts  the 
^■1  kto  the  iranlt  b.  They  issue  by  the  door  i,  into  the  conduit  k,  thence  by  /  into  the 
Mi  ■t%0^Aft''»ofthe  tower.  The  incondensable  gases  escape  by  the  chimney,  #• 


OS 


ARsemc. 


The  cover  /,  b  removed  aAer  completion  of  the  procets,  in  order  to  pttah  down  the  pfi^ 
cipitate  into  the  lower  comparlmcnls. 

The  arsenious  schlichs^  the  amount  of  9  or  10  cwt.  for  one  operation  (I  roasi-ptuL 
or  roastinii^  round),  are  spi-ead  2  ur  3  inches  thick  upon  the  bottom  of  the  maffle,  heatca 
with  a  brisk  fire  to  rednrss,  then  with  a  centler  heat,  in  order  to  oxydize  completely, 
before  snblinHni;,  the  arsenical  ore.  With  this  view  the  air  must  have  free  entrance^  ud 
the  from  aperture  of  the  muflle  must  be  lefl  quite  open.  After  11  or  12  hours,  the  etl^ 
cined  materials  are  roked  out  by  the  mouth  of  the  muflle,  and  fresh  ones  are  introduced 
by  the  openinirs  indicated  above,  which  are  closed  durin|r  the  sublimation. 

The  arscniuus  acid  found  in  these  passages  is  not  marketable  till  it  be  re-sublimed  hi 
large  iron  pots,  8iu*mounted  with  a  series  of  sheet  iron  drums  or  cfist-iron  cylinders,  upon 
the  sides  of  which  the  arsenic  is  condensed  in  its  compact  glassy  form.  The  top  cylinder 
is  furnished  with  a  pipe,  which  terminates  in  a  condensing  chamber. 
Ftgs.  *Z4,  25,  reprr^sent  the  arsenic  refining  furnaces  at  Heichenstein.   Fig.  24  shows 

at  A,  a  vertical  sectbn  of  the  Atrnace. 
the  kettle,  and  the  surmounting  drams 
or  cylinders ;  over  b  it  is  seen  in  eleva* 
tion  i  Jig  25  is  a  |^und  plan  of  the 
four  fireplaces,  a  is  the  irrate ;  b,  the 
ash-pit;  c,  the  openin^ts  for  firing;  d, 
the  fire-place ;  c,  iron  pots  or  kettles 
which  are  charped  with  the  arsenioiis 
powder;  /,  the  fire-flues  proceeding  to 
the  common  chimney  g;  h,  iron  cy- 
linders; t,  caps;  ky  pipes  leading  to 
the  poison  vent  / ;  m,  openings  in  the 
pipes  for  introducing  ihe  probing 
wires. 

The  conduct  of  the  process  is  as 
follows : — The  pot  is  filled  nearly  lo 
its  brim  with  3|  cwt.  of  the  arsenic 
meal,  the  cylinders  are  fitted  on  by 
means  of  their  handles,  and  luted  to- 
gether with  a  mixture  of  loam,  blood, 
and  hair ;  then  is  applied  first  a  gentle, 
and  aAer  half  an  hour,  a  strong  fire, 
whereby  the  arsenic  is  raised  partly 
in  the  form  of  a  white  dust,  and  partly 
in  crystals ;  which,  by  the  continuance 
of  the  heat,  fuse  together  into  a  homo- 
geneous  mass.  If  the  fire  be  too  fee- 
ble, only  a  sublimate  is  obtained ;  bnc, 
if  too  violent,  much  of  the  arsenic  i 
volatilized  into  the  pipes.  The  work- 
men judge  by  the  heat  of  the  cylin- 
ders whether  the  operation  be  going 
on  well  or  not.  AAer  12  hours  the 
furnace  is  allowed  to  cool,  provided 
the  probe  wires  show  that  the  subli- 
mation is  over.  The  cylinders  m 
then  liAed  ofl',  and  the  arsenious  fittm 
is  detached  from  their  inner  surifaee. 
According  to  the  quality  of  the  poison 
flouc^  it  yields  from  |  to  {  of  its  wei^ 
sf  the  glass  ur  enamel.  Should  vny  dark  particles  of  metallic  arsenic  be  intermixed  with 
the  glttBS,  a  fresh  sublimation  must  be  had  recoune  to. 

The  following  is  the  product  in  cwts.  of  arsenious  acid,  at  Altenberg  and  Reichenitcni 
in  Silesia,  in  the  years 


1895. 

1886. 

1^27. 

ies8. 

1f»9. 

1910. 

18S1. 

White  arsenic  in  a  glassy 

state-      .      .  « 

2632 

1703 

2686 

1900 

2070 

2961 

3337 

2730 

Sublimed  arsenic  in  pow- 

27 

33 

31 

30 

44 

69 

38 

Yellow  arsenical  glass  - 

112 

n 

56 

86 

313 

60 

219 

|Red  arsenical  glass 

3 

28 
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ARTESIAN  Wells,  under  this  name  is  desisftmted  a  cylindrical  perforatioB« 
Ured  rertically  down  through  one  or  niore  of  the  geological  strata  of  the  earth,  till  it 
pmti  into  a  porous  gravel  bed  containing  Water,  placed  under  such  incumbent  pressure 
Mloaake  it  mount  up  through  the  perforation,  either  to  the  surface  or  to  a  height  con 
lakit  for  the  operation  of  a  pump.  In  the  first  ca9e,  these  wells  are  called  spouting 
wmlowiag.  This  property  is  not  directly  proportional  to  the  depth,  as  might  at  first 
wifA  be  sappo«ed,  bat  to  the  subjacent  pressure  upon  the  water.  We  do  not  know  cx- 
■dly  the  period  at  which  the  borer  or  sound  Was  applied  to  the  investigation  of  subter- 
meu  foflQtaina,  but  we  believe  the  first  overflowing  wells  were  made  in  the  ancient 
Ffeieh  province  of  Artois,  whence  the  name  of  Artesian.  These  wells,  of  such  impor* 
hMe  to  aerieoltaf  e  and  manufactures,  and  which  cost  nothinic  to  keep  them  in  condition^ 
hnt  been  in  ose.  undoubtedly,  for  several  centuries  in  the  northern  departments  uf  Franee^ 
«ri  (ke  north  of  Italy ;  but  it  is  not  more  than  50  or  60  years  since  they  became  known 
ii  Ett^land  and  Germany.  There  are  now  a  great  many  such  wells  in  London  and  its 
lOKhhorhood,  perforated  through  the  immensely  thick  bed  of  the  London  clay,  and  even 
jknofh  some  portions  of  the  snbjacent  chalk.  The  boring  of  such  wells  has  given  much 
into  the  feokvical  structure  of  many  districts* 

The  formation  of  Artesian  wells  depends  on  two  things,  essentially  distinct  from  each 
(then  ].  On  an  acquaintance  with  the  physical  constitution,  or  nature,  of  the  mineral 
iUietare  of  each  particular  country  ;  and,  2.  On  the  skilful  direction  of  the  processes 
bf  wUeh  we  can  reach  the  water  level,  and  of  those  by  which  we  can  promote  its  ascent 
k  the  tabe.  We  shall  first  treat  of  the  best  method  of  miUcing  the  well,  and  then  ofiei 
•one  ^eral  remarks  on  the  other  subjects. 

The  operations  employed  for  penetrating  the  soil  are  entirely  similar  to  those  daily 
pfietised  by  the  miner,  in  boring  to  find  metallic  veins ;  but  the  well  excavator  must  re* 
lort  to  peculiar  expeJients  to  prevent  the  purer  water,  which  comes  from  deep  strata, 
■fludia^  with  the  cruder  waters  of  the  alluvial  beds  near  the  surface  of  the  ground,  as 
iho  to  prevent  the  small  perforation  getting  eventually  filled  with  rubbish. 

The  cause  of  overflowing  wells  has  been  ascribed  to  a  variety  of  circumstances.  But^ 
M  it  ii  mam  generally  admitted  that  the  numerous  springs  which  issue  from  the  ground 
poeeed  from  the  infiltration  of  the  waters  progressively  condensed  in  rain,  dew,  snow^ 
4c  vpoo  the  sorface  of  our  globe,  the  theory  of  these  interior  streamlets  becomes  by  no 
aeuu  intricate;  being  analogous  to  that  of  syphons  and  water  jets,  as  expounded  in  the 
tmtises  on  physics.  The  waters  are  diflfused,  aAer  condensation,  upon  the  surface  of  the 
nil,  tad  percolate  downwards,  through  the  various  pores  and  fissures  of  the  geok)gical 
to  be  again  united  subterraneously  in  veins,  rills,  streamlets,  or  expanded  films, 
if  ^niiter  or  less  magnitude,  or  regularity.  The  beds  traversed  by  numerous  disjunctions 
win  give  occasion  to  numerous  interior  currents  in  all  directions,  which  cannot  be  re- 
ttvened,  and  brought  to  the  day ;  but  when  the  ground  is  composed  of  strata  of  sand,  or 
friTei  very  permeable  to  water,  separated  by  other  strata  nearly  impervious  to  it,  reser^ 
*oin  are  formed  to  our  hand,  from  which  an  abundant  supply  of  water' may  be  spontanea 
aMf  raised.  In  this  case,  as  soon  as  the  upper  stratum  is  perforated,  the  waters  may 
tm,  ia  consequence  of  the  hydrostatic  pressure  upon  the  lower  strata,  and  even  overflow 
Ihc  nrfaee  in  a  constant  stream,  provided  the  level  from  which  they  proceed  be  proper* 
tesOyhii^. 

The  AikU  of  water  occur  principally  at  the  separation  of  two  contiguous  formations ; 
aiif  the  socceasion  of  the  geological  strata  be  considered,  this  distribution  of  the  water 
via  he  seen  to  be  its  necessary  consequenee.  In  fact,  the  lower  beds  are  frcqaentlj 
Wposcd  of  compact  sandstone  or  limestone,  and  the  upper  beds  of  clay.  In  levd 
Witriet,  the  formations  being  almost  always  in  horizontal  beds,  the  waters  which  fead 
IW  Artesian  wells  must  come  from  districts  somewhat  remote,  where  the  strata  are  more 
ihntedyas  towards  the  secondary  and  transition  rocks.  The  copious  streams  condensad 
^m  the  sides  of  these  colder  lands  may  be  therefore  regarded  as  the  proper  reservoirs  of 
WveUs. 

26  represents  the  manner  in  which  the  condensed  water  of  the  heavens  dis- 
tributes itself  under  tht 
sarface  of  our  globa. 
Here  we  have  a  geolo* 
gical  section,  showing 
the  succesiiion  of  tht 
several  liirmations,  and 
the  sheets  or  lamins  of 
water  that  exist  at  theif 
boundaries,  as  well  as  is 
their  sandy  beds.  Thr 
figure  shows  also 
plainly  that  tha  h 
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to  which  the  water  reascends  in  the  bore  of  a  well  depends  upon  the  height  of  the  xe- 
senroir  which  supplies  the  sheet  of  water  to  which  the  well  is  perforated.  Thus  tke 
well  A,  having  gone  down  to  the  aqueous  expanse  a  a,  whose  waters  of  supply  are  de- 
rived from  the  percolation  m,  will  aJSbrd  rising  waters,  which  will  come  to  the  sorfaeej 
while  in  the  well  b,  supplied  by  the  sheet  p,  the  waters  will  spout  above  the  sarfaec^ 
and  in  the  well  c  they  will  remain  short  of  it.  The  same  figure  shows  that  these  welli 
often  traverse  sheets  of  water,  which  rise  to  different  heights.  Thus,  in  the  well  c  thece 
are  five  columns  of  ascending  waters,  which  rise  to  heights  proportional  to  the  pointi 
whence  they  take  iheir  origin.  Several  of  these  will  be  spouting  or  overflowing,  bat 
some  will  remain  beneath  the  surface. 

The  situation  of  the  intended  well  being  determined  upon,  a  circular  hole  is  geneiallf 
dug  in  the  ground,  about  6  or  8  feet  deep,  and  5  or  6  feet  wide.  In  the  centre  of  tUi 
hole  the  boring  is  carried  on  by  two  workmen  below,  assisted  by  a  laborer  above,  ai 
shown  in  fig.  27. 

The  handle  (fig.  28)  havmg  a  female  screw  in  the  bottom  of  its  iron  shank,  with  • 
wooden  bar  or  rail  passing  through  the  socket  of  the  shank,  and  a  ring  at  top,  is  tkt 
general  agent  to  which  all  the  boring  implements  are  to  be  attadied.  A 


30  31 


33  31 


(fig.  29)  is  first  employed,  and  eonneetcd 
to  this  handle  by  its  screw  at  top.  If  the 
ground  is  tolerably  soft,  the  weight  of  ths 
two  workmen  bearing  upon  the  cross  bur,  and 


occasionally  forcing  it  round,  will  soon 
the  chisel  to  penetrate ;  but  if  the  ground  is 
■  ^         Ki  Ki  strong,  the  workmen  strike  the  diisd 

^  W  i        1^   ^  -  down  with  repeated  blows,  so  as  to  peck  their 

m  Is-*     A  I  J  ^*y»  ^^^^  changing  their  situation  by  walk- 

if  I      I  ing  round,  which  breaks  the  stones,  or  i  ' 

itapj  Js\  \      I  hard  substances,  that  may  happen  to  ob 

'  its  progress. 

The  labor  is  very  considerably 
by  means  of  an  elastic  wooden  pole,  plaec4 
ftorisontally  over  the  well,  from  which  a  chain  is  brought  down,  and  attached  to  the  img 
of  the  handle.  This  pole  is  usually  made  fast  at  one  end,  as  a  fulcrum,  by  being  til 
into  a  heap  of  heavy  loose  stones ;  at  the  other  end  the  laborer  above  gives  it  a  slight  op 
and  down  vibrating  motion,  corresponding  to  the  beating  motion  of  the  workmen  bekw, 
by  which  means  the  elasticity  of  the  pole  in  rising  llAs  the  handle  and  ped(er,andtlief»- 
by  very  considerably  diminishes  the  labor  of  the  workmen.    See  jig.  27. 

When  the  hole  has  been  thus  opened  by  a  chisel,  as  far  as  its  strength  would  permit^ 
the  chisel  is  withdrawn,  and  a  sort  of  cylindrical  auger  (fig.  30)  attached  to  the  bandk 
ifig.  28),  for  the  purpose  of  drawing  up  the  dirt  or  broken  stones  which  have  been  dis- 
turbed by  the  chisel.  A  section  of  this  auger  is  shown  in  fig.  31,  by  which  the  interBiI 
▼alve  will  be  seen.  The  auger  being  introduced  into  the  hole,  and  turned  round  by  tlM 
workman,  the  dirt  or  broken  stones  will  pass  through  the  aperture  at  bottom  (shoiWB  at 
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.  32>9  and  fifl  the  cylinder,  which  is  then  drawn  np,  and  discharged  at  the  top  of  the 
aoger,  the  Tahre  preventing  its  escape  at  bottom. 

In  order  to  penetrate  deeper  into  the  ground,  an  iron  rod,  as  a^fig*  33,  js  now  to 
be  attached  to  the  chisel,  Jig.  29,  by  screwing  on  to  its  upper  end,  and  the  rod  is  also 
ftgtened  to  the  handle,  fig,  28,  by  screwing  into  its  socket.  The  chisel  having  thus 
beeome  lengthened  by  the  addition  of  the  rod,  it  is  again  introduced  into  the  hole; 
and  the  operation  of  pecking  or  forcing  it  down,  is  carried  on  by  the  workmen  as  be- 
fbfe.  When  the  ground  has  been  thus  perforated,  as  far  as  the  chisel  and  its  rod  will 
reaehy  they  must  be  withdrawn,  in  order  again  to  introduce  the  auger,  fig,  30,  to  col- 
lect and  bring  up  the  ruSbish  ;  which  is  done  by  attaching  it  to  the  iron  rod,  in  place 
of  the  chiseL  Thus,  as  the  hole  becomes  deepened,  other  lengths  of  iron  rods  are  added, 
bf  connecting  them  together,  as  a  6  are  in  fig.  34.  The  necesyty  of  frequently  with- 
drawing  the  rods  from  the  holes,  in  order  to  collect  the  mad,  stones,  or  rubbish,  and 
tke  great  friction  produced  by  the  rubbing  of  the  tools  against  its  sides,  as  well  as  the 
lengths  of  rods  auinnenting  in  the  progress  of  the  operation,  sometimes  to  the  extent  of 
several  hundred  feet,  render  it  extremely  inconvenient,  if  not  impossible,  to  raise  them 
by  band.  A  tripedal  standard  is  therefore  generally  constructed  by  three  scaflfolding 
poles  tied  together,  over  the  hole,  as  shown  fig.  27,  from  the  centre  of  which  a  ifheel 
and  axle,  or  a  pair  of  puUy  blocks  is  suspended,  for  the  purpose  of  hauling  up  the  rods, 
and  from  which  haags  the  fork,yig.  35.  This  fork  is  to  be  brought  down  under  theshoul- 
do",  near  the  top  of  each  rod,  and  made  fast  to  it  by  passing  a  pin  through  two  little 
holes  in  the  claws.  The  rods  are  thus  drawn  up^  about  seven  feet  at  a  time,  which  is 
the  usaal  distance  between  each  joint,  and  at  every  haul  a  fork,  jig.  36,  is  laid  hori-^ 
Bontally  over  the  hole,  with  the  shoulders  of  the  lower  rod  resting  between  its  claws,  by 
which  means  the  rods  arc  prevented  from  sinking  down  into  the  hole  again,  while  the 
upper  length  ts  unscrewed  and  removed.  In  attaching  and  detaching  these  lengths  of 
rod,  a  wrench,  ySg.  37,  is  empkiyed,  by  which  they  are  turned  ronnd,  and  the  screws  for- 
ced up  to  their  firm  bearing. 

The  boring  is  sometimes  performed  for  the  first  sixty  or  a  hundred  feet,  by  a  child 
of  2|  inches  wide,  and  cleared  out  by  a  gouge  of  1^- diameter,  and  then  the  hole  is 
widened  by  a  totA^  such  as  is  shown  at  fig.  38.  This  is  merely  a  chi»el,  as  fig.  29,  fonr 
inches  wide,  bat  with  a  guide,  a,  put  on  at  its  lower  part,  for  the  purpose  of  keeping 
it  in  a  perpendicnlar  direction ;  the  lower  part  is  not  intended  to  peck,  pat  to  pass 
down  the  hole  previously  made,  while  the  sides  of  the  chisel  operate  in  enlarging  the 
hole  to  four  inches.  The  process,  however,  is  generally  performed  at  one  operation,  by 
a  chisel  of  four  inches  wide,  as  fig.  29,  and  a  gouge  of  three  inches  and  three  quarters, 
as>ig.  30. 

It  is  obvious  that  placing  and  displacing  the  lengths  of  rod,  which  is  done  every  time 
that  the  auger  is  required  to  be  introduced  or  withdrawn,  must,  of  itself,  be  extremely 
tnmblesome,  independent  of  the  labor  of  boring,  but  yet  the  operation  proceeds,  when 
no  napropitioas  circumstances  -attend  it,  with  a  facility  almost  incredible.  SometameSy 
however,  rocks  intercept  the  way,  which  require  great  labor  to  penetrate ;  but  this  is 
always  efl!ected  by  pecking,  which  slowly  pulverizes  the  stone.  The  most  unpleasant 
areumstance  attendant  upon  this  business  is  the  occasional  breaking  of  a  rod  into  the 
hdlf,  which  sometimes  creates  a  delay  of  many  days,  and  an  incalcula^e  labor  in  draw- 
iig  up  the  lower  portion. 

When  the  water  is  obtained  in  such  quantities  and  of  such  quality  as  may  be  required, 
the  hole  is  dressed  or  finished  by  passing  down  it  a  diamond  chisel,  funnel  mouthed, 
vith  a  triangular  bit  in  its  centre ;  this  makes  the  sides  smooth  previous  to  putting  in 
tke  pipe.   This  chisel  is  attached  to  rods,  and  to  the  handle,  as  before  described ;  and, 
is  its  descent,  the  workmen  continually  walk  round,  by  which  the  hole  is  made  smooth 
isi  cylindrical.    la  the  progress  of  the  boring,  frequent  veins  of  water  are  passed 
throogh ;  but,  as  these  are  small  streams,  and  perhnps  impregnated  wiih  mineral  sub- 
ttanees,  the  operation  is  carried  on  until  qn  aperture  is  made  into  a  maia  spring,  which 
will  flew  np  to  the  surface  of  the  earth.   This  must,  of  course,  depend  upon  the  level  of 
lource,  which,  if  in  a  neighboring  hill,  will  frequently  cause  the  water  to  rise  up, 
ttd  produce  a  continued  fountain.    But  if  the  altitude  of  the  distant  spring  happens  to 
^  Wow  the  level  of  the  surface  of  the  ground  where  the  boring  is  effected,  it  sometimes 
that  a  well  of  considerable  capacity  is  obliged  to  be  dug  down  to  that  level,  in 
^(der  to  form  a  reservoir,  into  which  the  water  may  flow,  and  whence  it  must  be  raiMd 
^  a  pamp ;  while,  in  the  former  instance,  a  perpetual  fountain  may  be  obtained. 

it  will  always  be  a  matter  of  doubt,  in  level  countries,  whether  water  can  be 
l>Ksred  which  would  flow  near  to  or  over  the  surface ;  if  this  cannot  be  efiiected,  the 
Ifwen  of  boring  will  be  of  little  or  no  advantage,  except  as  an  experiment  to  ascertain 
^fctt. 

U  Older  to  keep  the  strata  pare  and  unoontaminated  with  mineral  springs,  the  hole 
ciitdy  ftr  a  considerable  depth,  with  a  metallic  pipe,  about  a  quarter  of  an  inch 
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flBtller  than  the  bore.  This  is  generally  made  of  tin  (ihongh  iometnnet  of  copper  tt 
lead)  in  convenient  lengths ;  and,  as  each  length  is  let  down,  it  is  held  by  a  sboaUtf 
testing  in  a  fork,  while  another  length  is  soldered  to  it ;  by  which  means  a  continniNi 
pipe  is  carried  through  the  bore,  as  far  as  mny  be  found  necessary,  to  exdode  land  spraigi^ 
and  to  prevent  loose  earth  or  sand  from  falling  in,  and  choking  the  apertnre. 

Mr.  John  Good,  of  Tottenham,  who  had  been  extensively  employed  in  boring  tlw 
earth  for  water,  obtained  a  patent,  in  Aui;.  1823,  for  certain  improved  implements  con- 
trived by  him  to  facilitate  his  useful  labors ;  a  description  of  which  cannot  fUl  to  be 
teresting. 

The  fignres  annexed  exhibit  these  ingenious  tools :  yig.  39  is  an  anger,  to  be  eonnectad 
42  41    40   39     by  the  screw-head  to  the  lensrth  of  rods  by  which  the  boring  it  eo- 

\B  ^  ried  on.  This  auger  is  for  boring  in  soil  clay  or  sand ;  it  is  cylii- 
n  n  dricnl,  and  has  a  slit  or  opening  from  end  to  end,  and  a  bit,  or 
H  W  cmting-piocc  at  bottom.  When  the  earth  is  loose  or  wet,  an 
of  the  same  form  is  to  be  employed,  but  the  slit  or  opening 
in  width,  nr  eve|i  without  a  slit  or  opening.  A  similar  anger  i» 
used  for  cutting  fhniugh  chnlk ;  but  the  point  or  bit  at  botMB 
shoulii  then  project  kiwer,  and,  for  that  purpose,  some  of  tbct0 
cylindrical  augers  an*  made  with  moveable  bits,  to  be  attached  b^ 
screws,  which  is  extremely  desirable  in  grinding  them  lo  cnttin^ 
edges.  Fig.  AO  is  a  hoUcsv  conical  anger,  for  boring  loose  sand^ 
-  J  ^  .  soils ;  it  has  a  spiral  cuttini;  edge  cpiled  round  it,  which,  as  i'* 
1        J  U  turns,  causes  the  louse  soil  to  ascend  np  the  inclined  plane,  aiK 

J  i  IJ  f  i  I  dcposite  itself  in  the  hollow  within.  Fig,  41  is  a  hollow  cylinder 
el    ^   iif  or  tube,  shown  in  section,  with  a  foot-valve,  and  a  bucket  to  b« 

raised  by  a  rod  and  cord  attached  at  the  top ;  this  is  a  piimpinfl 
tool,  for  the  purpose  of  getting  up  water  and  sand  that  would  nam 
rise  by  the  auger.    When  this  cylinder  k  lowcied  to  the  bottom  of  the  bore,  the  bnckes 
is  lifted  up  by  the  red  and  cord,  and  descends  aeain  by  its  own  gravity,  having  a  vnlr 
in  the  bucket,  opening  upwards,  like  other  lift  pumps ;  which,  at  every  stroke,  raises 
quantity  of  water  and  simd  in  the  cylinder  equal  to  the  stroke ;  the  ascent  and  dciscent  c 
the  bucket  being  limited  by  a  guide-piece  at  the  top  of  the  cylinder,  and  two  small  knol= 
upon  the  rod  which  stop  against  the  cross-guide.    Fig.  42  is  a  tool  for  getting  up  brok^ 
rods.  It  consists  of  a  small  cylindrical  piece  at  bottom,  which  the  broken  rod  slips  throngs 
when  it  is  lowered,  and  a  small  catch  with  a  knife-edge,  acted  upon  by  a  back-spring 
In  rising,  the  tool  takes  hold  (f  the  broken  rod,  and  thereby  enables  the  workman  ^ 
top  to  draw  it  up.    Another  tool  for  the  same  purpose,  is  shown  at  fig,  43,  which  is  li^n 
a  pair  of  tongs ;  it  is  intended  to  be  slidd(>n  down  the  bore,  and  for  the  broken  rod  to  ps 
between  the  two  catches,  which,  pressed  by  back-springs,  will,  when  drawn  up,  trnkefl^^ 
hold  of  the  broken  rod. 
Fig,  44  is  a  tool  for  widening  the  hole,  to  be  connected,  like  all  the  others,  to  the  e^H 

of  the  length  of  rods 
down  the  bore;  this  tool 
two  cutting-pieces  extending 
the  sides  at  bottom,  by 
as  the  to<il  is  turned  round 
the  boro,  the  earth  is 
away.   Fig,  45  is  a  chisel, 
punch,  with  a  projecting  pii 
to    be    ntivd   for  penetrat 
through  stone;  this  chisel 
by  rising  and  falling,  made 
peck  the  stone,  and  pul' 
it ;  the  small  middle  part  ~ 
ing  it  away  first,  and  aA< 
the  broad  part  coming  into 
tion.    Fig,  46  is  another  ehfi 
or  punching  tool,  twisted  on 
cutting  edge,  which  breaks  a:v 

a  greater  portion  of  ihn  stone  as  it  beats  against  it. 

The  manner  of  forcing  down  lengths  of  cast-iron  pipe,  after  the  bore  is  fbrmed 
shown  at  fig,  47  ;  the  pipe  is  seen  below  in  the  socket,  at  the  end  of  which  a  blodT 
inserted;  and  from  this  block  a  rod  extends  upwards,  upon  which  a  weight  at 
slides.    To  this  weight  cords  are  shown  to  be  attached,  reaching  to  the  top  of  the  " 
where  the  workmen  alternately  raise  the  weight  and  let  it  fall,  which,  by  striking 
the  block  in  its  middle,  beats  down  the  pipe  by  a  succession  ^f  strokes ;  and  when 
length  of  pipe  has,  by  these  means,  been  forced  down,  another  length  is  introduced 
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tke  locfcet  of  the  formflr.  Another  tool  for  the  same  pnrpoce  is  shown  at  fig.  48,  which 
ii  ionDBl  like  an  aoom ;  the  raised  part  of  the  acorn  strikes  against  the  edge  of  the 
pipe,  lod  hy  that  means,  it  is  forced  down  the  bore.  When  it  happens  that  an  auger 
brraki  in  the  hole,  a  tool  similar  to  that  shown  at  fig.  49  is  introduced ;  on  one  side  of 
this  tool  a  carved  piece  Ls  attached,  for  the  purpose  of  a  gnide,  to  conduct  it  past  the 
cyliajrical  auger ;  and  at  the  end  of  the  other  side  is  a  hook,  which,  taking  hold  of  the 
teloB  edge  cl*the  auger,  enables  it  to  be  drawn  up. 

Wrought  iron,  copper,  tin,  and  lead  pipes,  are  occasionally  used  for  lining  the  bore ; 
■ad  u  these  are  subject  to  bends  and  bruises,  it  is  necessary  to  introduce  tools  for  the 
porpoK  of  ctraigfatening  their  sides.  One  of  these  tools  is  shown  at^.  50,  which  is  a 
how,  and  b  to  be  passed  down  the  inside  of  the  pipe,  in  order  to  press  out  any  dents. 
Another  tool,  for  the  same  purpose,  is  shown  at/Sg.  51,  which  is  a  double  bow,  and 
■My  be  turned  round  in  the  pipe  for  the  purpose  of  straightening  it  all  the  way  down ; 
at^.  52,  is  a  pair  of  dams,  for  turning  the  pipe  round  in  the  hole  while  driving. 

when  loose  stones  Uc  at  the  bottom  of  the  hole,  which  are  too  large  to  be  brought  up 
the  cylindrical  aui^er,  and  cannot  be  conveniently  broken,  then  it  fs  proposed  to 
iUredace  a  triangular  daw,  as  fig.  53,  the  internal  notches  of  which  take  hold  of  tlie 
stone,  and  as  the  tool  rises,  bring  it  up.  For  raising  broken  rods,  a  tool  likeyig.  54 
V  sometimes  employed,  ^hich  has  an  ai^:ular  claw  that  slips  under  the  shoulder  of  the 
roA,  and  holds  it  fast  whUe  drawing  up. 

la  raising  pipes  it  is  necessary  to  introduce  a  tool  into  the  inside  of  the  pipe,  by 
vfciek  it  wUl  be  held  fa^t.  Fig,  55  is  a  pine-apple-tool  for  this  purpose;  its  surface  it 
est  like  a  rasp,  which  passes  easily  down  into  the  pipe,  but  catches  as  it  is  drawn  up ; 
n^  by  that  means  brings  the  pipe  with  it.  Fig.  56  is  a  spear  for  the  same  purpote, 
wliieh  easfly  enters  the  pipe  by  springing;  at  the  ends  of  its  prongs  there  are  forkg 
wiiieh  stiek  into  the  metal  as  it  is  drawn  up,  and  thereby  raise  it. 

Tkew  are  the  new  implements,  for  which  the  patent  was  granted.  I(i  the  process  of 
bor^,  there  docs  not  appear  to  be  anything  new  proposed ;  but  that  these  several 
Ukols  are  to  be  employed  for  boring,  packing,  and  otherwise  pcnetrAtinr,  raising  the 
^SMh,  aad  extracting  broken  or  injured  tools.  There  arc  also  suggestions  for  empbying 
Wittf  backets,  with  valves  opening  upward  in  their  bottoms,  for  the  purpose  of  drawing 
v^ter  from  these  wells  when  the  water  will  not  flow  over  the  surface ;  also  lift  pumps, 
^ith  a  soecefleioa  of  buckets  for  the  same  purpose.  But  as  these  suggestions  possen 
UeOe  if  any  novelty,  it  cannot  be  intended  to  claim  them  as  parts  of  the  patent 
ASPRALTUM.  Native  bitumen,  so  called  from  the  lake  Asphaltites. 
ASSAT  and  .\SSAYIN6.  (Coupellationy  Fr. ;  Jbtreiben  auf  der  capelU,  Germ.) 
TUi  ir  the  prwess  by  which  the  quality  of  gold  and  silver  bullion,  coin,  plate,  or 
triskctf  b  aseertained  with  precision,  or  by  which  the  quantity  of  either  or  both  these 
prfODOS  is  determined  in  any  given  alloy.   It  is,  therefore,  a  case  of  chemieal 

omIjw,  in  wbieh  peculiar  methods  are  employed  to  attain  the  object  in  view  with 
leniaey  and  despatch.  Assaying  has  been  also  extended,  of  late  years,  to  determine  the 
Waliiy  of  pnUadium  and  platina  in  certain  bullion  and  gold  dust  brought  from  BraziL 

Tbcartof  nHaying  gokl  and  silver^  the  cupel,  is  founded  upon  the  feeble  affinity 
vMcl  these  metals  have  for  oxygen,  in  comparison  with  copper,  tin,  and  the  other 
cheaper  metals ;  and  on  the  tendency  which  the  latter  metals  have  to  oxydize  rapidly  in 
WmI  With  lead  at  a  high  temperature,  and  sink  with  it  into  any  porous  earthy  vessel 
ii  a  ikin  glassy  or  vitriform  state.  The  porous  vessel  may  be  maide  either  of  wood- 
^rtMifftccd  from  their  soluble  matter  by  washing  with  water ;  or,  preferably,  of  burned 
Vaei  ledaeed  lo  a  fine  powder. 

The  lend  added  to  the  silver  or  gold  to  be  assayed,  serves  chiefly  to  dissolve  the 
vidbed  eopper,  whence  it  appears  that  the  quantity  of  lead  requisite  for  silver  assays, 
•iiht  to  be  directly  proportional  to  the  quantity  which  the  silver  and  copper  would 
i^Bialciy  require.  It  has  been  found  by  experiment,  that  16  parts  of  lead  are  quite 
*AciMl  to.pnss  1  of  eopper  through  the  cupd ;  and  that  of  lead  presents  the  most 
^ilaUe  proportion  for  passing  one  of  silver.  From  these  principles,  however,  if  we 
AmU  always  regard  the  dose  of  lead  to  be  employed  for  any  alloy  as  being  equal  to 
NXC  +  ^  XSwe  should  certainly  commit  an  error.  The  phenomena  of  cupellation 
■  if  a  man  eonplex  nature.  Long  practice  and  delicate  trials  alone  can  guide  to  the 
P*pcr  qinntity  of  lend  to  be  employed  for  every  various  state  of  the  alloy.  The 
Msniag  Table  eontnins  the  results  of  M.  D'Arcet's  elaborate  experiments  upon  this 
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Alloy. 

Sih«r. 

Copp«r. 

1000 

0 

950 

50 

900 

100 

800 

200 

700 

300 

600 

400 

500 

500 

400 

600 

300 

700 

200 

800 

100 

900 

0 

1000 

LMd  for  1  of  AUof . 


^1 

7 
10 
12 
14 

16  or  17 
16  —  17 
16  —  17 
16  —  17 
16  —  17 
16  —  17 


Ratio  of  Um  Copptr  to 
tboLoad. 


60 
70 
50 


1  s  40 
1 
1 
1 
1 
1 
1 
1 


35 

32  . 

26-7  \ 

22-9  1 

20  k 

17-8  1 

i?I  J 


Bismnth  may  be  used  as  a  substitute  for  lead  in  cupellatioB ;  two  parts  of  it  1 
nearly  equivalent  to  three  of  lead.   But  its  higher  prices  will  prereBt  ha 
introduction  among  assay  masters. 

We  begin  this  assay  process  by  weighing,  in  a  delicate  balance,  a  certain  weight  oT 
the  metallic  alloy;  a  granmie  (=15*444  gr.)  is  usually  taken  in  France,  and  12  grmiitf 
in  this  country.  This  weight  is  wrapped  up  in  a  slip  of  lead  foH  oar  paper,  skmild  il 
eonsiflt  of  sercoral  fragments.  This  sniaU  parcel,  thus  enveloped,  is  thea  laid  in  a  wrntck 
glass  or  a  capsule  of  copper,  and  there  is  add»l  to  it  the  proportion  pf  lead  suited  tc 
the  quality  of  alloy  to  be  assayed ;  there  being  less  lead,  the  finer  the  sflrer  is  presumed 
to  be.  Those  who  are  much  in  the  habit  of  cupellation  can  make  good  guesses  in  tbte 
way ;  though  it  is  still  guess  work,  and  often  leads  to  considerate  enor,  foe  if  too 
much  lead  be  used  for  the  proportion  of  baser  metal  present,  a  portion  of  the  atre 
is  wasted ;  but  if  too  little,  then  the  whole  of  the  copper,  &c.  is  not  canied  off,  ana 
the  button  of  fine  silver  remains  more  or  less  impure.  The  most  expert  and  experiene^ 
assayer  by  the  cupel,  produces  merely  a  series  of  approximate  conjectural  results  wfaicC 
fall  short  of  chemical  demonstration  and  certainty  in  every  instance.  The  lead  must  b« 
in  all  cases,  entirely  fVee  from  silver,  being  such  as  has  been  revived  from  pure  litharge 
otherwise  errors  of  the  most  serious  kind  would  be  occasioned  in  the  assays. 

The  best  cupels  weigh  12j^  grammes,  or  193  grains.  The  cupels  aUcnr  tht  Aise 
Qzydes  to  flow  through  them  as  through  a  fine  sieve,  but  are  impermeable  to  tfc 
particles  of  metals ;  and  thus  the  former  pass  readily  down  into  their  substance  whB 
the  latter  remain  upon  their  surface ;  a  phenomenon  owing  to  the  circumstance  of 
glassy  oiydes  moistening,  as  it  were,  the  bone-ash  powder,  whereas  the  metals  ^ 
contract  no  adherence  with  it.  Hence  also  the  liquid  metals  preserve  a  hemispheric 
shape  in  the  cupels,  as  quicksilver  does  in  a  cup  of  glass,  while  the  ihsed  oxyde  spreMi 
over,  and  penetrates  their  substance  like  water.  A  cupel  may  be  regarded^  in  iqm 
measure,  as  a  filter  permeable  only  to  certain  liquids. 

If  we  put  into  a  cupel,  therefore,  two  metals,  of  which  the  one  is  unalterable  in  ^ 
air,  the  other  susceptible  of  oxydizement,  and  of  producing  a  very  fuiibk  oxyde,  i^B 
obvious  that,  by  exposing  both  to  a  proper  degree  of  heat,  we  shall  succeed  in  separa^=. 
them.  We  should  also  succeed,  though  the  oxyde  were  infusible,  by  placing  it  in  eon^B 
with  another  one,  which  may  render  it  fusible.  In  both  cases,  however,  the  metal  Am 
which  we  wish  to  part  the  oxydes  must  not  be  vnlntile 
should  also  melt,  and  form  a  button  at  the  heat  of  ca-M 
lation ;  for  otherwise  it  woifld  continue  disseminatedy 
tached  to  the  portion  of  oxyde  spread  over  the  eapd,  ^ 
incapable  of  being  collected. 

The  furnace  and  implements  used  for  assaying  hi 
Royal  Mint  and  the  Goldsmiths'  Hall,  in  the  city  of  1 — ^ 
don,  are  the  following  : — 

AAA  A,/g.  58,  is  a  front  elevation  of  an  assay  fhrntfV 
a  a,  a  view  of  one  of  the  two  iron  roHers  on  which  the  ^ 
naee  rests,  and  by  means  of  which  it  is  moved  fmwawJ 
backward ;  6,  the  ash-pit ;  c  c  are  the  ash-pit  dam^P^ 
which  are  moved  in  a  horizontal  direction  towards  0^ 
other  for  regulating  the  draught  of  the  fomaee;  dL 
door,  or  opening,  by  which  the  cupels  and  assays  mrtm^ 
duced  into  the  muffle ;  «,  a  moveable  fhnnel  or  i ' ' 
by  which  the  draught  of  the  Aimace  is  increased. 
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B  •  B  By  fig.  00,  is  a  perpendicular  seetian  of  fig,  58 ;  a  a,  end  view  of  the  rollers ; 

b  the  ash-pit ;  c  one  of  the  ash-pit  dampers;  d  the 
grate,  over  which  is  the  plate  upon  which  the 
muffle  rests,  and  which  is  covered  with  loam  nearly 
oBc  inch  thick;  /  |he  moffle  in  section  represent- 
ing the  situation  of  the  cupels ;  g  the  mouth-plate^ 
and  upon  it  are  laid  pieces  of  charcoal,  which  during 
the  process  are  ignited,  and  heat  the  air  that  it 
allowed  to  pass  over  the  cupels,  as  wiU  be  more 
fully  explained  in  the  sequel ;  A  the  interior  of  the 
furnace,  exhibiting  the  fuel. 

The  total  height  of  the  fumaee  is  2  feet  6^  inches; 
from  the  bottom  to  the  grate,  6  inches;  the  grate, 
muffle,  plate,  and  bed  of  loam,  with  which  k  is 
covered,  3  inches;  fVom  the  upper  surface  of  the 
grate  to  the  commencement  of  the  funpel  «,  fig,  68, 
21 1  inches;  the  funnel  €,  6  inches.   The  square 
of  the  furnace  which  receives  the  muffle  and  fnd 
is  111  inches  by  15  inches.'  The  external  sides  of  the  furnace  are  made  of  plates  of 
wronght  iron,  and  ire  lined  with  a  2-inch  fire-brick, 
c  c  c    jSg*  60,  is  a  horizontal  section  of  the  furnace  over  the  grate,  showing  the  width 

of  the  mouth-piece,  or  plate 
of  wrought  iron,  which  is 
6  inches,  and  the  opening  which 
receives  the  muffle-plate. 

Fig.  61,  represents  the  muf- 
fle or  pot,  which  is  12  inches 
long,  6  inches  broad  inside; 
in  the  clear  6{ :  in  height  4i 
inside  measure,  and  nearly  5{ 
in  the  clear. 

Fig.  62,  the  muffle-plate,  which  is  of  the  same  size  as  the  bottom  of  the  muffle. 
Fig.  63,  is  a  representation  of  the  sliding-door  of  the  mouth-plate,  as  shown  at  in 
iig.58. 
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Figl  64,  a  front  view  of  the  mouth-plate  or  piece,  d,fig.  58, 

Fig*  65,  a  representation  of  the  mode  of  making,  or  shutting  up  with  pieces  of  char- 
iot], the  mouth  of  the  furnace. 

Fig.  66,  the  teaser  for  cleaning  the  grate. 

Fig.  67,  a  larger  teaser,  which  is  intnxluced  at  the  top  of  the  furnace,  for  keeping  a 
complete  supply  of  charcoal  around  the  muffle. 

Fig.  S8ig  the  tongs  used  for  chargihc:  the  assays  into  the  cups. 

Fig.  69,  represents  a  board  of  wood  used  as  a  register,  and  is  divided  into  45  equal 
^QlB|Artments,  upon  which  the  assays  arc  plaeed  previously  to  their  bein^  introduced 
■■to  the  fumaee.  When  the  operation  is  performed,  the  cupels  are  placed  f"  ''■■■■™ 
in  situations  corresponding  to  these  assays  on  the  board.    By  these  means 

svoided,  and  without  this  regularity  it  would  be  impossible  to  preserve  i\ 
'V^udi  the  delicate  operations  of  the  assayer  require. 

I  ftbali  BOW  proceed  to  a  description  of  a  small  assay  furnace,  invented  by  MeomL 
Asfiye  and  d'Arcet,  of  Paris.   They  term  it,  Le  Petit  Foumeau  d  CoupeSk    Fig^  tO 
v^vtKBts  this  furnace,  and  it  is  composed  of  a  chimney  or  pipe  of  wrought  irdiL  ^  ^ft^^^ 
«^fnrnace  b.   It  is  l?)  inches  high,  and  7}  inches  wide.   The  fumaaa  I^MlHw 
''^pieeesj  of  a  dome  a;  the  body  of  the  furnace  b  ;  anfi  ike  ash-pit  %imSkW 
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as  the  base  of  the  ftirnaee,  fig»,  70  and  71.  The  principal  piece,  or  body  of  the 
Aimaee,  b,  has  the  form  of  a  hollow  tower,  or  of  a  hollow  cylinder,  flattened  equally  at 
the  two  opposite  sides  parallel  to  the  axis,  in  such  a  manner  that  the  horizontal  sectioo 
is  elliptical.  The  foot  which  supports  it  is  a  hollow  trancated  cone  flattened  in  like 
muiner  upon  the  two  opposite  sides,  and  having  consequently  for  its  basis  two  ellipses 

of  difierent  diame- 
70  ters ;   the  smallest 

ought  to  be  equal  to 
that  of  the  fbmace, 
so  that  the  bottom  of 
the  latter  may  exaetJy 
fit  it.  The  dome,, 
which  forms  an  arch 
abore  the  furnace,, 
has  also  its  base  eUip- 


tical,  while  that 
the  Koperior  ori" 
by  which  the  smoke 
sioest  out  pretenreath 
cylindrical  Ibrm. 
tu)>e  of  wrought  i 
N  18  inches  long  i 
'2-^  inches  diameter^ 
havincone  of  itac 
B  Uttle  enlarged,  i 
slightly  conical,  thar^^«] 
it  may  be  cxaetl^-^ 
r.tted  or  jointed  np 

Mi     ^  W      19   7*  ir^  I.  ,1      t)ie  upper  part 

fl_JlTS\    i"5SOt:S  the  furnace  dome 

AM     n    im  .  '       ^  jiK.lO,  At  the  an 

of  the  conical 
cylindrical  paztt 
I  he  lube,  there 
placed  a  small 
lery  of  iron,  tyflgj 
71.  See  alM>  a  i 

of  it,  Jig,  72.  '   

gallery  is  both  i^c  in- 
genious  and  osefv 

Upon  it  are  placed  the  cupels,  which  are  thus  annealed  during  the  ordinary  wailc  of 
the  furnace,  that  they  may  be  introduced  into  the  muffle,  when  it  is  broi^t  lata  its 
proper  degree  of  heat.  A  little  above  this  gallery  is  a  door/,  by  which,  if  thusn^gggltit 
proper,  the  charcoal  could  be  introduced  into  the  furnace ;  above*  that  there  it  pkced  at 


K  a  throttle  ralve,  which  is  used  for  regulating  the  draught  of  the  Aimace  at 
Messrs.  Anfrye  and  d'Arcet  say,  that,  to  give  the  furnace  the  necessary  degree  nf  h^  ^eat 
so  as  to  work  the  assays  of  gold,  the  tube  must  be  about  18  inches  above  the  ga]le^^9er3^ 
for  annealing  or  heating  the  cupels.  The  circular  opening  ^  in  the  dome,y7g.  70,  a^^L™ 
08  seen  in  the  section, yig.  71,  is  used  to  introduce  the  charcoal  into  the  fomaee :  ii  is 
abo  used  to  inspect  the  interior  of  the  furnace,  and  to  arrange  the  charcoal  roond  r 
muffle.  This  opening  is  kept  shut  during  the  working  of  the  furnace,  with  the  moii^c:^ith- 
piece,  of  which  the  face  is  seen  at  *»,yig.  71.  _^  . 

The  section  of  the  furnace. /g.  71,  presents  several  openings,  the  principal  of  whicl^  "^^  3 
that  of  the  muffle ;  it  is  placed  at  i ;  it  is  shut  with  the  semicircular  door  my  fig.  70,  ^» 
ftecn  in  the  section  m,  fig,  71.   In  front  of  this  opening,  is  the  table  or  shelf,  U| 
which  the  door  of  the  muffle  is  made  to  advance  or  recede;  the  letter  9,  fig.  71,  j" 
the  face,  side,  and  cross  section  of  the  shelf,  which  makes  part  of  the  furnace, 
diatdy  under  the  shelf,  is  a  horizontal  slit,  /,  which  is  pierced  at  the  level  of  the  np 
part  of  the  grate,  and  used  for  the  introduction  of  a  slender  rod  of  iron,  that  the  ( 
nay  be  easdy  kept  clean.   This  opening  is  shut  at  pleasure,  by  the  wedge  rep 
wXkyfigs,  70,  and  71. 

Upon  the  back  of  the  furnace  is  a  horizontal  slit  fig,  71,  which  supports  the  \ 
brick,  «,  and  upon  which  the  end  of  the  muffle,  if  necessary,  may  rest ;  Vyfig.  71,  it 
opening  in  the  (Vimace  where  the  muffle  is  placed. 

TTie  plan  of  the  grate  of  the  fbmace  is  an  ellipse :  fig.  73,  is  a  horizontal  view  oT* 
The  dimensions  of  that  ellipsis  determine  the  general  form  of  the  furnace,  and  thickly*— 
of  the  grate.   To  give  strength  and  solidity  to  the  grate,  it  is  encircled  by  a  bar  or  hoo^* 


the 
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There  it  ■  groore  in  which  the  hoop  of  iron  is  fixed.  The  holes  of  the  gmte  an 
^vested  cones,  having  the  greater  hase  below,  that  the  ashes  may  more  easily  fall  into 
tte  adi-pit.  The  letter  v,M,  7 1,  shows  the  form  of  these  holes.  The  gmte  is  sappori- 
«d  by  a  mall  hank  or  shelf,  making  part  of  the  fnmace,  as  seen  at  a,  yig.  71. 

IV  ash-pit,  c,  has  an  opening  y  in  (ront,>lg.  71 ;  and  is  shnt  when  necessary  by  the 
■Mlh-pieee  r,>i^tf.  70  and  71. 

To  ciTe  strength  and  solidity  to  the  furnace,  it  is  bound  with  hoops  of  iron,  at  6,  6,  6^ 

Jl%f.  74,  75,  76,  are  views  of  the  muffle. 

#%.  77  is  a  view  of  a  crucible  for  annealing  gold. 

/^fi.  78,  79,  80,  are  eiipels  of  various  sizes,  to  be  used  in  the  furnace.  They  are  the 
MM  as  those  need  by  assayers  in  their  ordinary  furuaces. 

Ftff.  81  and  82  are  views  of  the  hand-ihovek,  used  for  filling  the  furnace  with 
dsnoali  they  should  be  made  of  such  size  and  form  as  to  fit  the  opening  A,  in  Jig$, 
10sid71. 

The  SBaller  pincers  or  tongs,  by  which  the  assays  are  charged  into  the  cupels,  and  by 
Vhieh  the  latter  are  withdrawn  from  the  fbrnace,  as  well  as  the  teaser  ibr  cleaning  the 
ptfecf  the  fbmaee,  are  similar  to  those  used^n  the  British  Mint. 

b  the  ItanMce  of  the  Mi^it  above  described,  the  number  of  assays  that  can  be  made  at 
m  time  is  45.  The  some  number  of  cupels  are  put  into  the  muffle.  The  furnace  is 
filed  with  charcoal  to  the  top,  and  upon  this  are  laid  a  few  pieces  already  ignited, 
ii  lhe  csQne  of  three  hours,  a  little  more  or  less,  according  to  circumstances,  the  whda 
■  igaiCed ;  daring  which  period,  the  muffle,  which  is  made  of  fire-clay,  is  gradually 
kntad  10  redness,  and  is  prevented  from  cracking ;  which  a  less  regular  or  more  sudden 
■maie  of  temperature  would  not  fail  to  do :  the  cupels,  also,  become  properly  anneaU 
«i  All  noi«tare  being  dispelled,  they  are  in  a  fit  state  to  receive  the  piece  of  silver  or 
•M  to  he  assayed. 

The  greater  care  that  is  exercised  in  this  operation,  the  less  liable  is  the  assayer  to  ae- 
^fctfs  from  the  breaking  of  the  muffle ;  which  is  both  expensive  and  troublesome  to  iU 
Pjcriy  into  the  furnace. 

tke  cupels  used  in  the  assay  process,  are  made  of  the  ashes  of  burnt  bones  (phosphate 
if  iae).  In  the  Royal  Mint,  the  cores  of  ox-horn  are  selected  for  this  purpose ;  and  the 
iMkcs  produced  are  about  four  times  the  expense  of  the  bone-ash,  used  in  the  process  of 
o^dhtioB  upon  a  large  scale.  8o  much  depends  upon  the  accuracy  of  an  assay  of 
*M  or  silver,  where  a  mass  of  ]5Ibs.  troy  in  the  first,  and  601bs  troy  in  the  seeond 
Maee  is  determined  by  the  analysis  of  a  portion  not  exceeding  20  troy  grains,  that 
•ivy  piecantion  whieh  the  longest  experience  has  suggested,  is  used  to  obtain  an  acca- 
■ie  lewk.  Hence  the  attentkm  paid  to  the  selection  of  the  most  proper  materials  for 
■ritBC  the  enpels. 

Tke  copeh  are  formed  in  a  circular  mould  made  of  cast  steel,  very  nicely  turned,  by 
Hieh  Mans  they  are  easOy  flreed  from  the  mould  when  struck.   The  bone-ash  is  used 


1  with  a  quantity  of  water,  sufficient  to  make  the  particles  adhere  firmly  togeth- 
«•  The  dreular  mould  is  fiUed,  and  pressed  level  with  its  surface ;  aAer  which,  a  peMle 
*  iiHBier,  having  its  end  nicely  turned,  of  a  globular  or  convex  shape,  and  of  a  size 
«pd  lo  the  degree  of  concavity  wished  to  be  made  in  the  cupel  for  the  reception  of  the 
fwy,  as  placed  upon  the  ashes  in  the  mould,  and  struck  with  a  hammer  until  the  cupel 
■pMpjlf  Ibrmed.  These  cupeb  are  allowed  to  dry  in  the  air  for  some  time  before  they 
m  and.   If  the  weather  is  fine,  a  fortnight  will  be  sufficient. 

At  assay  may  prove  defective  for  several  reasons.  Sometimes  the  button  or  bead 
vii  fisdi  ery»talttne  vegetations  on  its  surface  with  such  foree,  as  to  make  one  suppose 


•  portion  of  the  silver  may  be  thrown  out  of  the  cupel.  When  the  surface  of  the 
■  M  and  flat,  the  assay  is  considered  to  have  been  too  hot,  and  it  indicates  a  loss  of 
iBm  ia  fumes.  When  the  tint  of  the  bead  is  not  uniform,  when  its  inferior  surface  is 
UMy,  when  yeOow  scales  of  oxyde  of  lead  rrmain  on  the  bottom  of  the  cupel,  and 
^  head  adheres  stronsly  to  it,  by  these  sisns  it  is  judged  tliat  the  assay  has  been  too  cold, 
■ri  that  the  silver  retains  some  lead. 
Isidy,  the  assay  is  thought  to  be  good  if  the  bead  is  of  a  round  form,  if  its  upper  sur. 
h  hrilliant,  if  its  lower  surface  is  granular  and  of  a  dead  white,  and  if  it  separates 
ntdBpftoD  the  cupel. 

After  the  lead  is  pot  into  the  cupel,  it  gets  immediately  covered  with  a  coat  of  oxyde, 
«Uch  resists  the  admission  of  the  silver  to  he  amayed  into  tlie  melted  metal ;  so  that  the 
iflif  cannot  Ibrm.  When  a  bit  of  silver  is  laid  on  a  lead  bath  in  this  predicament,  we 
■e  it  swim  abmit  for  a  long  time  wfthont  dissolving.  In  order  to  avoid  this  result,  the 
4r«  is  wrapped  up  in  a  bit  of  paper;  and  the  carbureted  hydrogen  gcncmteu  by  its 
— hiitiun  radncet  the  film  of  the  lead  oxyde,  gives  the  bath  immediately  a  bright  ma- 
Me  laaire,  and  enables  the  two  metals  readily  to  combine. 

itiht  teal  mm,  the  oxyde  of  lead  fiowiioniid  about  over  the  rarihee,  till  it  is  ah- 
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■ocbed  liT  the  eapel.  When  the  lead  is  wasted  to  a  eertain  degree,  a  rery  thin  fikn  ot  it 
onlj  remains  on  the  silver,  which  causes  the  iridiscent  appearance,  like  the  eolors  of 
soMHlmbbles ;  a  phenomenon,  called  by  the  old  chemists,  folguration. 

When  the  cnpel  cpols  in  the  progress  of  the  assay,  the  oxygenation  of  the  lead  ceases; 
and,  instead  of  a  yery  liquid  vitreovs  oxyde,  an  imperfectly  melted  oxyde  is  formed,  which 
the  cnpel  cannot  absorb.  To  correct  a  cold  assay,  the  temperature  of  the  Aimnee  onght 
to  be  raised,  and  pieces  of  paper  onght  to  be  put  into  the  cop^  tin  the  oxyde  of  Ind 
which  adheres  to  it  be  reduced.  On  keeping  up  the  heat,  the  assay  will  resume  its  ordi- 
muj  train. 

Pore  silver  almost  always  vegetates.  Some  traces  of  copper  destroy  this  property, 
which  is  obviously  due  to  the  oxygen  which  the  silver  can  abrarb  while  it  is  in  Aiskm, 
and  which  is  disengaged  the  moment  it  solidifies.  An  excess  of  lead,  by  removing  all  the 
eomier  at  an  early  stage,  tends  to  cause  the  vegetation. 

The  brightening  is  caused  by  the  heat  evolved,  when  the  button  passes  fitxn  the  U^aid 
to  the  solid  state.    Many  other  substances  present  the  same  phenomenon. 

In  the  above  operation  it  is  necessary  to  employ  lead  which  is  very  pure,  or  at  least  free 
from  silver.   That  kind  is  called  poor  lead,  ^ 

It  has  been  observed  at  all  times,  that  the  oxyde  of  lead  carries  off  with  it,  into  the  e«- 
pel,  a  little  silver  in  the  state  of  an  oxyde.  This  effect  becomes  less,  or  even  diasppears, 
i^en  there  is  some  copper  remaining ;  and  the  more  copper,  the  less  chasice  there  is  of 
any  silver  being  lost.  The  loss  of  silver  increases,  on  the  other  hand,  with  the  dote  of 
lead.  Hence  the  reason-  why  it  is  so  important  to  proportion  the  lead  with  a  preeiaiaa 
whieh,  at  first  sight,  wonkl  appear  to  be  superfluous.  Hence,  also,  the  reason  of  the  at- 
tempts which  have;  of  late  years,  been  made  to  change  the  whole  system  of  sflver  asaays^ 
and  to  have  reooni^M  to  a  method  exempt  from  the  above  causes  of  error. 

M.  d^Areet,  charged  by  the  Commission  of  the  Mint  in  Paris,  to  examine  into  the  jot- 
tiee  of  the  reclamations  made  .by  the  French  silversmiths  against  the  pnblie  assays,  as-  - 
eertatned  that  they  were  well  founded;  and  that  the  results  of  cupellation  gave  for  the-: 
aUoyi  betwen  897  and  903  thousandths  (the  limito  of  their  standard  coin)  an  infarior' 
standard,  by  from  4  to  5  thousandth  parts,  from  the  standard  or  title  which  shonki  reaalt^^'i 
fhxn  the  absolute  or  actual  alloy. 

The  mode  of  assay  shows,  iv  fiusL  that  an  ingot,  experimentally  eomposod  of  I, 
thoosandths  of  fine  silver,  and  lOO^'U^lsandths  of  copper,  appears,  by  cupellation,  to  1 
only,  at  the  utmost,  896  or  897  lAoaAndths ;  whereas  fine  silver,  of  1000  thousa  ' 
eomes  out  neariy  of  iu  real  standard.   Consequently  a  director  of  the  Mint,  who  i 
Qonpound  his  alloy  with  fine  silver,  wonkl  be  obliged  to  employ  903  or  904  thousa 
m  order  that,  by  the  assay  in  the  laboratory  of  the  Mint,  it  should  appear  to  have  i 
standard  of  900  thousandths.  These  3  or  4  thousandths  wouU  be  k>st  to  him,  sinee  th  . 
would  be  disguised  by  the  mode  of  assay,  the  definitive  criterion  of  the  quantity  of  sihreria 
of  whieh  the  government  keeps  count  from  the  coiner  of  the  money. 

From  the  experiments  subsequently  made  by  M..  d'Arcet,  it  appears  that  silver  assa; 
always  suffer  a  loss  of  the  precious  metal,  whieh  varies,  however,  with  the  standard  i 
the  idloy.   It  is  1  thousandth  for  fine  silver, 

4-3  thousandths  for  silver  of  900  thoasandths, 
4«9       —       for    —   of  800  — 
4'2       —       for   —   of  600  — 
and  diminishes  thereafter,  progressively,  till  the  aUoy  contains  only  100  thonsaadths  < 
silver,  at  which  point  the  loss  is  only  0*4. 

Assays  requested  by  the  Commission  of  the  Paris  Mint>  from  the  assayers  of  the  pri 
eipal  Royal  Mints  in  Europe,  to  which  the  same  alloys,  synthetieally  componndcdy  we 
tent,  afforded  the  results  inscribed  in  the  following  table. 


f   ■  

N»iBM  of  Lhfl  Assa j«n. 

CitiM  where  they 
reaiile. 

Sumlarib  foaiul  for  the  Methemaiinl  Allogra 

090  mill. 

goo  mill. 

800«ilL 

F.de  Castenhole,  Mint  Assayer 

A.  IL  Vervafiz,  ditto 

D.  M.  Cabrera,  Assayer  in 

Bfr.  Bingley,  Assay  Master  • 
Mr.  Johnson^  Aaoiyer  - 
Inspector  of  the  Mint 
Amyer  of  the  Mint 
Assayer  of  Trade  - 
Assayer  of  the  Mint 

Vienna 
Madrid 

Ditto 
Amsterdam 
London 
Ditto 
Utrecht 
Naples 
Ditto 
Hamburgh 
Altona 

946-20 
944-40 

944-  40 
947  00 
946-25 
933-33 
94500 

945-  00 

945-  00 

946-  15 
942- i 

89940 
893-70 

893-70 

895-  00 

896-  25 
883-50 
896*50 
891-00 
891-00 

894^ 

795- 10 
789*20 

788-00 
795-00 
794-25 
783-33 
799-00 
787-00 
787-00 
798-41 
79CI  * 
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TVie  lymlu,  as  well  as  those  in  still  greater  numbers,  obtained  firom  the  ablest 
Fuiau  aisayen,  upon  identical  alloys  of  silver  and  copper,  prove  that  the  mode  of 
wmf  applied  to  them  brings  ont  the  standard  too  low ;  and  further,  that  the  quantity 
flf  drcr  masked  or  disguiiMBd,  is  not  uniform  for  these  diflferent  eminent  assay  masters. 
Ai  iDoy,  ibr  example,  at  the  standard  of  900  thousandths  is  judged  at 

M. 

the  Mint  of  Paris  to  have  a  standard  of  895*6 
At  that  of  Vienna  —  898*4 

—  Madrid  —  893-7 

—  Naples  —  891-0 

Tke  lact  thus  so  clearly  nmde  out  of  a  loss  in  the  standard  of  silver  bullion  and  coin, 
Mrito  the  most  serious  attention ;  and  it  will  appear  astonishing,  perhaps,  that  a  thing 
raorriag  every  day,  should  have  remained  for  so  long  a  time  in  the  dark.  In  reality, 
hmmr,  the  fact  is  not  new;  as  the  very  numerous  and  well-made  experiments  of 
T3ki,fi«n  1760  to  1763,  which  are  related  in  the  memoirs  of  the  Academy  at 
Swacei,  show,  in  the  silver  assays,  a  loss  still  greater  than  that  which  was  experienced 
Mj  ia  the  laboratory  of  the  Conmiission  of  the  French  Mint.  But  he  thought  that, 
liUie  error  was  common  to  the  nations  in  general,  it  was  not  worth  whUe  or  prudent 
lo  itfrodoee  any  innovation. 

A  mode  of  assaying,  to  give,  with  certainty,  the  standard  of  silver  bullion,  should  be 
oMj  independent  of  the  variable  circumstances  of  tempenture,  and  the  unknown 
paipiitions  of  eopper,  fo  difficult  to  regulate  by  the  mere  judgment  of  the  senses.  The 
pncos  by  the  hunud  way,  reoommended  by  me  to  the  Royal  Mint  in  1829,  and  ex- 
Md  as  to  its  principles  before  the  Right  Honorable  John  Herries,  then  Master,  m 
1830,  hu  all  the  precision  and  certainty  we  could  wish.  It  is  founded  on  the  well-known 
inperty  which  silver  has,  when  dissolved  in  nitric  acid,  to  be  precipitated  in  a  chloride  of 
•hv  qaite  insoluble,  by  a  solution  of  sea  salt,  or  by  muriatic  acid ;  but,  instead  of  deter- 
■iii^  the  weight  of  the  chloride  of  silver,  which  would  be  somewhat  uncertain  and 
niker  tedious,  on  account  of  the  difficulty  of  dr)'ing  it,  we  take  the  quantity  of  the 
tohtioB  of  sea  salt  which  has  been  necessary  for  the  precipitation  of  the  silver.  To 
pit  the  process  in  execution,  a  liquor  u  prepared,  composed  of  water  and  sea  salt  in  such 
IwptioBs  that  1000  measures  of  this  liquor  miftpaKipitate,  completely,  12  grains  of 
mr,  peifeetly  pure,  or  of  the  standard  1000,  prMDfWy  dissolved  in  nitric  acid.  The 
iltor  thus  prepared,  givti,  immediately,  the  true  standard  of  any  alloy  whatever,  of 
■ivtfaad  copper,  by  the  weight  of  it  which  may  be  necessary  to  precipitate  12  grains 
flf  thii  aOoy  If,  for  example,  905  measures  have  been  required  to  precipitate  the  12 
piBs  of  alloy,  iu  standard  would  be  905  thousandths. 

TW  process  by  the  humid  way  is,  so  to  speak,  independent  of  the  operator.  The 
■ttipaktions  are  so  easy ;  and  the  term  of  the  operation  is  very  distinctly  announced  by 
l^tisence  of  any  sensible  nebulosities  on  the  affusion  of  sea  salt  into  the  silver  solution, 
there  remains  in  it  1  thousandth  of  metal.  The  process  is  not  tedious,  and  in 
cxpcrioMcd  hands  it  may  rival  the  cupel  in  rapidity ;  it  has  the  advantage  over  the 
cipH  of  being  more  within  the  reach  of  ordinary  operators,  and  of  not  requiring  a  long 
■Pratieeskip.  It  is  particularly  useAil  to  such  assayers  as  have  only  a  few  assays  to 
uke  daily,  as  it  will  cost  them  very  little  time  and  expense. 

4  agititing  briskly  during  two  minutes,  or  thereby,  the  liquid  rendered  milky  by 
1^  FRcipiution  of  the  chkiride  of  silver,  it  may  be  sufficiently  clarified  to  enable  us  to 
ippRciaie,  after  a  few  moments  of  repose,  the  disturbance  that  can  be  produced  in  it  by 
^  sMitioo  of  1000  of  a  grain  of  silver.  Filtration  is  more  efficacious  than  agitation, 
c^friyiy  when  it  is  employed  aAerwards;  it  may  be  sometimes  used ;  but  agitation, 
«to  is  much  more  prompt,  is  generally  sufficient.  The  presence  of  lead  and  copper, 
^•sy  other  metal,  except  mercury,  has  no  perceptible  influence  on  the  quantity  of  sea 
«k accessary  to  precipitate  the  silver;  that  is  to  say,  the  same  quantity  of  silver,  pure 
viOoyed,  requires  for  its  precipitation  a  constant  quantity  of  the  solution  of  sea  salt. 

SippQsing  that  we  operate  upon  a  gramme  of  pure  silver,  the  solution  of  sea  salt 
Ijjiht  Id  be  such  that  100  centimetres  cube  may  precipitate  exactly  the  whole  silver, 
nertaadard  of  an  alloy  is  given  by  the  number  of  thousandths  of  solution  of  sea  sah 
■CMaiy  to  precipitate  the  silver  contained  in  a  gramme  of  the  alloy. 
,  Whfa  any  mereury  is  accidentally  present,  which  is,  however,  a  rare  occurrence,  it 
jjide  obvkms  by  the  precipitated  chloride  remaining  white  when  exposed  to  daylight 
vWnas  when  there  is  no  mercury  present,  it  becomes  speedUy  first  gray  and  then 
SQrer  so  contaminated  must  be  strongly  ignited  in  fbsion  before  being  assayed, 
iM  its  loss  of  weight  noted.   In  this  case,  a  cupel  assay  must  be  had  recourse  to. 

fr^mHom     Q»  Normal  Solutum  of  Sea  Salt,  when  it  u  measred  6y  Weight  Sup- 

Ml  the  sea  salt  pure  u  well  u  the  water,  we  have  only  to  take  these  two  bodies  k 
V|n|6ftta  of  0-6m  k.  of  salt  to  99*4573  k.  of  water,  to  have  100  k.  of  ioliitk% 
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of  which  100  grammes  will  precipitate  exmctly  one  grmmme  of  lilfer.  Bvt  inftead  of 
pore  salt,  which  is  to  be  procured  with  difficulty,  and  which  besides  may  be  aHoni 
readily  by  absorbing  the  humidity  of  the  air,  a  concentrated  solution  of  the  sea  salt  if 
commerce  ii  to  be  preferred,  of  which  a  large  quantity  may  be  prepared  at  a  time,  to  be 
kept  in  reserve  for  use,  as  it  is  wan|ed.   Intiruetum  de  Oay  Lmuac, 

Prtparaiion  of  the  Normal  Solution  of  Sea  Salt,  token  meamrtd  by  Folame. — ^The 
measure  by  weight  has  the  advantage  of  being  independent  of  temperature,  of  having- 
the  same  degree  of  precision  as  the  balance,  and  of  standing  in  need  of  no  eoireetioo. 
The  measure  by  volume  has  not  all  these  advantages;  but,  by  giving  it  suffidenL 
precision,  it  is  more  rapid,  and  is  quite  sufficieot  for  the  numerous  daily  assays  of  the- 
mint.  This  normal  solution  is  so  made,  that  a  volume  equal  to  that  of  100  grammesi 
of  water,  or  100  centimetres  cube,  at  a  determinate  temperature,  may  precipitate  ezaetlr 
one  gramme  of  silver.  The  sdution  may  be  kept  at  a  constant  temperature,  and 
this  case  the  assay  stands  in  want  of  no  correction ;  or  if  its  temperature  be  variable^ 
the  assay  must  be  corrected  according  to  its  influence.  These  two  circumstances  make: 
no  change  in  the  principle  of  the  process,  but  they  are  sufficiently  important  to  oeeadoM 
some  mwiificiitions  in  the  apparatus.  Experience  has  decided  Uie  preference  in  fii^oc 
of  applying  a  correction  to  a  variable  temperature. 
We  readily  obuin  a  volume  of  100  cubic  centimetres  by  means  of  a  jnjMto,  fig.  88, 

so  gauged  that  when  filled  with  water  up  to  the 
mark  a,  6,  and  well  dried  at  its  pioint,  it  will  m 
out,  at  a  continuous  efflux,  100  grammes  of  waftei 
at  the  temperature  of  15  C.  (59  Fah.).  We  say 
purposely  at  one  efflux,  because  aAer  the  ceasathie 
of  the  jet,  the  pipette  may  still  furnish  two  oi 
three  drops  of  liquid,  which  must  not  be  loonnted 
or  reckoned  upon.  The  weight  of  the  volome  oi 
the  normal  solution,  taken  in  this  manner  will 
suitable  precautions,  will  be  nnifonn  from  OM 
extreme  to  another,  upon  two  centimetres  and  i 
half,  at  most,  or  to  a  quarter  of  a  tbonsandthy  aw 
the  difference  from  the  mean  wiU  be  obTMMisls 
twice  less,  or  one  half.  Let  ns  indicate  the  mum 
simple  manner  of  taking  a  measure  of  the  nonaa 
solutk>n  of  sea  salt. 

After  having  immersed  the  beak  c  of  the  pipetti 
in  the  solution,  we  apply  suction  by  the  month 
to  the  upper  orifice,  and  thereby  raise  the  liquid  t 
above  the  circular  line  a  b.  We  next  appi; 
neatly  the  forefinger  of  one  hand  to  this  orifiec 
remove  the  pipette  from  the  liquid,  and  aeiae  i 
as  represented  in  fig,  84.  The  mark  a  b  beta) 
placed  at  the  level  of  the  eye,  we  make  the  tor 
face  of  the  solution  become  exactly  a  tangent  t 
the  plane  a  b.  At  the  instant  it  becomes  a  tangent,  we  leave  the  beak  e  of  the  pipetti 
open,  by  taking  away  the  finger  that  had  been  applied  to  it,  and  without  changia| 
anything  else  in  the  position  of  the  hands,  we  empty  it  into  Uie  bottle  which  shooli 
reeeive  the  solution,  taking  care  to  remove  it  whenever  the  efflux  has  run  out. 

If,  after  filling  the  pipette  by  suction,  any  one  should  find  a  difficulty  in  applying  da 
forefinger  fast  enough  to  the  upper  orifice,  without  letting  the  liquid  run  down  beloi 
the  mark  a  6,  he  should  remove  the  pipette  from  the  solution  with  its  top  still  doae| 
with  his  tongue,  then  apply  the  middle  finger  of  one  of  bis  hands  to  the  lower  orilleei 
after  which  he  may  withdraw  his  tongue,  and  apply  the  forefinger  of  the  other  hand  to 
the  orifice  previously  wiped.  This  mode  of  obtaining  a  measure  of  normal  solution  of 
sea  salt  Is  very  simple,  and  requires  no  complex  apparatus :  but  we  shall  indicate  anotter 
aanipulation  still  easier,  and  also  more  exact. 

In  this  new  process  the  pipette  is  filled  from  the  top  like  a  bottle,  mstead  of  bekt 
filled  by  suction,  and  it  is  moreover  fixed.  Fig,  85  represents  the  apparatus,  d  aai 
d'  are  two  sockets  separated  by  a  stop-oo^  a.  The  upper  one,  tapped  interkxtfj 
receives,  by  means  of  a  cork  stopper  l,  the  tube  t,  which  admits  the  solution  of  tci 
«alt.  The  lower  socket  is  cemented  on  to  the  p^ite ;  it  bears  a  small  air-cock  m%  aad 
%  iiBrew  plttg  V,  which  regulates  a  minute  opening  intended  to  let  the  air  enter  Tcq 
ijkfwif  M>  the  pipette.  Below  the  stop-cock  n',  a  silver  tube  n,  of  narrow  diamatar, 
•oUered  to  the  sodcet,  leads  the  solution  into  the  pipette,  by  allowing  the  air,  which  il 
displaces,  to  escape  by  the  stop-cock  a".  The  screw  plug,  with  the  milled  head  % 
tapdaces  the  ordinary  serrv  b7  which  the  key  of  the  stop-cock  may  be  made  to  \ 
with  more  or  len  force,  npon  its  oonieal  seat. 
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Fi$.  86  repraents,  in  a  tide  Tiew,  the  appmtas  just  described.  We  here  remark  an 
ut-wk  a,  and  an  opening  m.   Al  the  extreootty  ^  of  the  same  fignre,  the  conical  pipe 
T  CBten,  with  friction.   It  is  by  this  pipe  that  the  air  is  sucked  into  the  pipette  when  it 
ii  to  be  filled  from  iU  beak. 
The  ppetU  is  supported  by  two  horizontal  arsis  h  k  (fig,  87)  moveable  about  a 

common  axis  a  a,  and  capable  of  bdng  drawn 
out  or  shortened  by  the  aid  of  two  longitu- 
dinal sliu.  They  are  fixed  steadily  by  two 
screw  nuts  <  e,  and  their  distance  may  be  varied 
by  means  of  round  bits  of  wood  or  cork  inter- 
posed, or  even  by  opposite  screw  nuts  o  d.  The 
upper  arm  u  is  pierced  with  a  hole,  in  which 
is  fixed,  by  the  pressure  of  a  wooden  screw  v, 
the  socket  of  the  pipetit.  The  corresponding 
hole  of  the  lower  aim  is  larger ;  and  the  beak 
of  the  pipetU  is  supported  in  it  by  a  cork  stop- 
per L.  The  apparatus  is  fixed  by  its  tail-piece 
p,  by  means  of  a  screw,  to  the  comer  of  a  wall, 
or  any  other  prop. 

The  manner  of  filling  the  pipette  is  very  sim- 
ple.  We  begin  by  applying  the  fore-finger  of 
the  left  hand  to  the  lower  aperture  c ;  we  then 
open  the  two  stop-cocks  a  and  r'.  Whenever 
the  liquor  approaches  the  neck  of  the  pipetttj  we 
must  temper  its  influx,  and  when  it  has  arrived 
at  some  millimetres  above  the  mark  a  6,  we  close 
the  two  stop-cocks,  and  remove  our  fore-finger. 
We  have  now  nothing  more  to  do  than  to  regu- 
late the  pipette;  for  which  purpose  the  liquid 
must  touch  the  line  a  b,  and  must  simply  adhere 
externally  to  the  beak  of  the  pipette. 
This  Jast  circumstance  is  easily  adjusted. 
Mir  laking  away  the  finger  which  closed  the  aperture  c  of  the  pipette,  we  apply  to  this 
orifiee  t  moist  sponge  in,Jig,  88,  wrapped  up  in  a  linen  rag,  to  absorb  the  superfluous 

liquor  as  it  drops  out.  This  sponge 
is  called  the  handkerchief  (fiMW- 
dunr),  by  M.  Gay  Lussac.  The 
pipette  is  said  to  be  wiped  when 
there  is  no  liquor  adhering  to  its 
point  exteriorly. 

For  the  convenience  of  operat- 
ing, the  handkerchief  is  fixed  by 
friction  in  a  tube  of  tin  plate,  ter- 
minated by  a  cup,  open  at  bottom 
to  let  the  droppings  fiow  off  into 
'  '  the  tube  is 
easily  re- 
washing 

„ ,  ,  , ,   little  wedge 

<f  wood,  9f  can  raise  it  toward  tht  pipette. 

To  eonplete  the  adjustment  of  the  pipette,  the  liquid  must  be  made  merely  to  descend 
^AsMriL  a,  ft.  With  this  view,  and  while  the  handkerchief  is  applied  to  th%  beak 
*  Ike  p^cflc,  the  air  must  be  allowed  to  enter  very  sk)wly  by  unscrewing  the  plug  v, 

&86;  ud  at  the  moment  of  the  contact  the  handkerchief  must  be  removed,  and  the 
c    destined  to  receive  the  solution,  must  be  placed  below  the  orifice  of  the  pipette, 

t 88.  As  the  motion  must  be  made  rapidly,  and  without  hesitation,  the  bottle  is 
,  id  in  a  cylinder  of  tin-plate,  of  a  diameter  somewhat  sreater,  and  fonninir  one  body 
the  eisCem  and  the  handkerchief.  The  whole  of  this  apparatus  has  for  a  basis  a 
Ate  of  tiaaed  iron,  moveable  between  two  wooden  rulers  a  a,  one  of  which  bears  a 
Mie,  nader  which  the  edge  of  the  plate  slips.  Its  traverses  are  fixed  by  two  abutments 
^phieed  so  that  when  it  is  stopped  by  one  of  them,  the  beak  of  the  pipette  correspondo 
H  the  eeatre  of  the  neck  of  the  bottle,  or  is  a  Ungent  to  the  handkerchief.  This 
at,  very  convenient  for  wiping  the  pipett€  and  emptying  it,  gives  the  apparatat 
i  solidity,  and  allows  of  its  being  taken  away  and  replaced  without  derangiaf 
Mkiif.  It  as  obvious  that  it  is  of  advantage,  when  once  the  entry  of  the  air  into 
mfffdklmM  bfoi legulated  by  the  screw  v,  to  leave  it  constantly  open,  becftooo  tiM 
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motion  from  the  liandkerchief  to  the  bottle  is  perfonned  with  soffideat  rapidity  to  prefCDt 
a  drop  of  the  sohition  from  collecting  and  falling  down. 

Ttmperatwre  of  the  SoluHtm, — After  having  descdhed  the  manner  of  measuring  hjr 
▼dhmie  the  normal  solution  of  the  sea  salt,  we  shall  indicate  the  most  convenient  meant 
of  taking  the  temperature.  The  thermometer  is  placed  in  a  tnbe  of  glass  t,  fig.  89, 
which  the  solution  traverses  to  arrive  at  the  pipeiU,  It  is  suspended  in  it  h]r  a  piece  of 
eoric,  grooved  on  the  four  sides  to  afford  passage  to  the  liquid.  The  scale  is  engraved 
vpon  the  tube  itself,  and  is  repeated  at  the  opposite  side,  to  fix  the  eye  by  the  eoinddenee 
of  this  double  division  at  the  level  of  the  thermometric  column.  The  tube  is  joined 
below  to  another  narrower  one,  through  which  it  is  attached  by  means  of  a  ooik  stopper 
a,  in  the  socket  of  the  stop-cock  of  the  pipette.  At  its  upper  part  it  is  cemented  into  a 
brass  socket,  screw-tapped  in  the  inside,  which  is  connected  in  its  turn  by  a  cock,  with 
the  extremity,  also  tapped,  of  the  tube  above  t,  belonging  to  the  reservoir  of  the  nonnal 
solution.  The  corks  employed  here  as  connecting  links  between  the  parts  of  the 
apparatus,  give  them  a  certain  flexibility,  and  allow  of  their  being  dismounted  and  re- 
mounted in  a  very  short  time ;  but  it  is  indispensable  to  make  them  be  traversed  by  a 
hoUow  tube  of  glass  or  metal,  which  will  hinder  them  from  being  crushed  by  the  pressure 
th€y  are  exposed  to.  If  the  precaution  be  taken  to  grease  them  with  a  little  suety  and  to 
fill  their  pores,  they  will  suffer  no  leakage. 

Preservaiion  of  the  Normal  SohUion  of  Sea  Salt  in  metallic  VetteU.-^M.  Gay  Lnssie 
uses  for  this  purpose  a  cylindrical  vessel  or  drum  of  copper,  of  a  capacity  of  about  110 
litres,  having  its  inside  covered  with  a  rosin  and  wax  cement. 

Preparation  of  ihe  Normal  Solution  of  Sea  Salt,  measuring  it  hy  Volume. — ^If  the  drum 
eontains  1 10  litres,  we  should  put  only  105  into  it,  in  order  that  sufiicient  space  may  be 
left  for  agitating  the  liquor  without  throwing  it  out.  According  to  the  principle  that 
100  centimetres  cube,  or  ^  of  a  litre  of  the  solution  should  contain  enough  of  sea  salt  to 
precipitate  a  gramme  of  pure  silver ;  and,  admitting,  moreover,  13*516  for  the  prime  equi- 
valent of  silver,  and  7*335  for  that  of  sea  salt,  we  shall  find  the  quantity  of  nuresalt  that 
should  be  dissolved  in  the  105  litres  of  water,  and  which  corresponds  to  105  X  10  =  1060 
grammes  of  silver,  to  be  by  the  foUowing  proportion : — 

*  13-516  :  7*335  ::  1050  grnmm.  :  x=569-83  gr. 

And  as  the  solution  of  the  sea  salt  of  commerce,  formerly  mentioned,  contains  appraxi- 
matdy  250  grammes  per  kilcMeramme,  we  must  take  2279*3  grammes  of  this  solution  to 
have  569*83  gram,  of  salt.  The  mixture  being  perfectly  made,  the  tubes  and  the  pipeue 
must  be  several  times  washed  by  running  the  solution  through  them,  and  putting  it  into 
the  drum.  The  standard  of  the  solution  must  be  determined  af\er  it  has  been  well  agi- 
tated, supposing  the  temperature  to  remain  uniform. 

To  arrive  more  conveniently  at  this  result,  we  begin  by  preparing  two  decimu  solu- 
tions ;  one  of  silver,  and  another  of  sea  salt. 

The  decime  solution  of  silver  is  obtained  by  dissolving  1  gramme  of  sflver  in  nitric  acid^ 
and  diluting  the  solution  with  water  till  its  volume  becomes  a  litre. 

The  decime  solution  of  sea  salt  may  be  obtained  by  dissolving  0*543  grammes  of  pure 
sea  salt  in  water,  so  that  the  solution  shall  occupy  a  litre ;  but  we  shall  prepare  it  even 
with  the  normal  solution  which  we  wish  to  test,  by  mixing  a  measure  of  it  with  9  mea- 
sures of  water ;  it  being  understood  that  this  solution  is  not  rigorously  equivalent  to  that 
of  silver,  and  that  it  will  become  so,  only  when  the  normal  solution  employed  for  its  pre- 
paration shall  be  finally  of  the  true  standard.  Lastly,  we  prepare  beforehand  several 
stoppered  vials,  in  each  of  which  we  dissolve  1  gramme  of  silver  in  8  or  10  grammes  of 
nitric  acid.   For  brevity's  sake  we  shall  call  these  tests. 

Now  to  investigate  the  standard  of  the  nonnal  solution,  we  must  transfer  a  pipette  of 
it  into^one  of  these  test  vials ;  and  we  must  agitate  the  Uquors  briskly  to  clarify  them. 
After  some  instants  of  repose,  we  most  pour  in  2  thousandths  of  the  decime  solution  ol 
sea  salt,  v\  hich,  we  suppose,  will  produce  a  precipitate.  The  normal  liquor  is  conse- 
nnently  too  feeble ;  and  we  should  expect  this,  since  the  sea  salt  employed  was  not  per- 
feetly  pore.  We  agitate  and  add  2  fresh  thousandths,  which  will  also  produce  a  precipi- 
tate. We  continue  thus  by  successive  additions  of  2  thousandths,  till  the  last  produces 
no  precipitation.  Suppose  that  we  have  added  16  thousandths :  the  last  two  should  not 
be  reckoned,  as  they  produced  no  precipitate ;  the  preceding  two  were  necessary,  bat 
only  in  part ;  that  is  to  say,  the  usefVil  thousandths  added  are  above  12  and  below  14,  or 
otherwise  they  are  on  an  average  equal  to  13. 

Thus,  in  the  condition  of  the  normal  solution,  we  require  1013  parts  of  it  to  pre- 
cipitate one  gramme  of  silver,  while  we  should  require  only  1000.  We  shall  find  the 
qvantity  of  concentrated  solution  of  sea  salt  that  we  should  add,  by  noting  that  the 
qnaatity  of  solution  of  sea  salt,  at  first  employed,  viz.  2279-3  grammes,  produced  a 
iludani  of  only  987  thousandths=1000^13  ;  and  by  using  the  foUowmg  proportkm ! 
987  I  2279*3  ::  13  :  x=30'02  grammes. 
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Tkii  qnaBlHy  of  the  strong  solution  of  salt,  mixed  with  the  normal  solution  in  the 
inn,  will  eorrect  its  standard,  and  we  shall  now  see  by  how  mnch. 

Afirr  having  washed  the  tubes  and  the  pwttte  wiih  the  new  solution,  we  must 
repnt  the  experiment  upon  a  fresh  gramme  of  silver.  We  shall  find,  for  example,  in 
pmeediaz  only  by  a  thousandth  at  a  time,  that  the  first  causes  a  precipitate,  but  not  the 
teeoid.  The  standard  of  the  solution  is  still  too  weak,  and  is  comprised  between  1000 
id  1001 ;  that  is  to  say,  it  may  be  equal  to  1000^,  but  we  must  make  a  closer  approxi- 

We  poor  into  the  test  bottle  2  thousandths  of  the  duime  solution  of  sUver,  which  will 
ieNTojr,  perceptibly,  two  thousandths  of  sea  salt,  and  the  operation  will  have  retrograded 
hf  two  thousandths ;  that  is  to  say,  it  will  be  brought  back  to  the  point  at  which  it  was 
frit  of  aB.  If,  aAer  having  cleared  up  the  liquor,  we  add  half  a  thousandth  of  the  de- 
dae  solntion,  there  will  necessarily  be  a  precipitate,  as  we  knew  beforehand,  but  a  se- 
coad  will  cause  no  turbidity.  The  standard  of  the  normal  liquor  will  be  consequently 
eoBpiehended  between  1000  and  i000|,  or  equal  to  1000}. 

We  should  rest  content  with  this  standard,  but  if  we  wish  to  correct  it,  we  may 
msirk  that  the  two  quantities  of  solution  of  salt  added,  viz.  2279-3  gr.  -f  30-02  gr.= 
2?09*32  gr.  have  produced  only  999*75  thousandths,  and  that  we  must  add  a  new 
qsiBtity  of  it  corresponding  to  }  of  a  thousandth.   We  make,  therefore,  the  proportfon 

999-75  :  2309-32  ::  0-25  :  x. 

Bat  since  the  first  term  difiert  very  little  lh)m  1000,  we  o»y  content  ourselves  to 
iHTei  by  taking  the  of  2309-32,  and  we  shall  find  0-577  gr.  for  the  quantity  of 
nintioa  of  sea  salt  to  be  added  to  the  normal  solntion. 

It  it  not  convenient  to  take  exactly  so  small  a  quantity  of  solntion  of  sea  salt  by  the 
WiMe,  but  we  shall  succeed  easily  by  the  following  process.  We  weigh  50  grammes 
oTtkiiiolution,  and  we  dilute  it  with  water;  so  that  it  occupies  exactly  half  a  litre,  or 
500  centimetres  cube.  A  pipette  of  this  solution,  one  centimetre  cube  in  volume,  will 
V^t  s  decigranmie  of  the  primitive  solution,  and  as  such  a  small  pipette  is  divided  into 
ivf  sty  drops,  each  drop,  for  example,  will  represent  5  milligrammes  of  the  solution.  We 
i^Id  arrive  at  quantities  smaller  still  by  diluting  the  solution  with  a  proper  quantity 

nter<  but  greater  precision  wouM  be  entirely  needless. 

The  testing  of  the  normal  liquor  just  described,  is,  in  reality,  less  tedious  than  might 
^  lopposed.  It  deserves  also  to  be  remarked,  that  liquor  has  been  prepared  for  more 
^  1000  assays ;  and  that,  in  preparing  a  fresh  quantity,  we  shall  obtain  directly  its  true 
*^iBdud,  or  nearly  so,  if  we  bear  in  mind  the  quantities  of  water  and  solution  of  salt 
*Uek  had  been  employed. 

Comr/Km  of  the  Standard  of  the  Normal  Solution  of  Sea  Salt,  when  the  Tempetatwrt 
dnpt^ — We  have  supposed,  in  determining  the  standard  of  the  normal  solution  of  sea 
that  the  temperature  remained  uniform.  The  assays  made  in  such  circumstances, 
^Te  so  need  of  correction ;  but  if  the  temperature  should  change,  the  same  measure  of 
^  Mhtion  will  not  contain  the  same  quantity  of  sea  salt,  opposing  that  we  have 
t«ed  the  solution  of  the  salt  at  the  temperature  of  15®  C. ;  if,  at  the  time  of  making  the 
nprnneat,  the  temperature  is  18®  C,  for  example,  the  solution  will  be  too  weak  on  ae- 
^Nil«f  its  expansion,  and  the  pipette  will  contain  less  of  it  by  weight ;  if,  on  the  con* 
the  temperature  has  fallen  to  12®,  the  solntion  will  be  thereby  concentrated  and 
*i  prate  too  strong.  It  is  therefore  proper  to  determine  the  correction  necessary  to  lie 
■dc^  ior  aay  variation  of  temperature. 

To  ascertain  this  point,  the  temperature  of  the  solution  of  sea  lalt  was  made  sneeet- 
»cIt  to  be  0®,  9®,  10®,  15^,  20°,  20®,  and  30®  C. ;  and  three  pi^^et  of  the  solution  werw 
*^i^ed  exactly  at  each  of  these  temperatures.  The  third  of  these  weighings  gave  the 
Ml  wci^  of  a  pipette*  The  corresponding  weights  Of  m  J^P^te  of  the  sohition,  were 
lAttwanb  graphicaUy  interpolated  from  degree  to  degree.  These  weights  fbrm  the  se- 
tnd  eofauan  of  the  foUowing  table,  entitled,  Table  of  Corrtctionfor  the  Variationt  in  the 
Tmfumtmre  of  ike  Normal  Solution  of  the  Sea  Salt,  They  enaUe  ns  to  correct  any  tem- 
mtve  between  0  and  30  degrees  eentigrade  (32^  and  86®  Fahr.)  when  the  solntion  of 
M  Mk  has  been  pfepared  in  the  same  limits. 

Let  as  suppose,  for  example,  that  the  solution  has  been  made  standard  at  15®,  and 
^  SI  the  time  of  using  it,  the  temperature  has  become  18®.  We  see  by  the  second 
«Im  of  the  Uble,  that  the  weight  of  a  measure  of  the  solution  is  100*099  gr.  at  15^, 
■id  10(H)65  at  18^ ;  the  difference  0*034  gr.,  is  the  quantity  of  solutk>n  less  which  hat 
icaOy  taken ;  and  of  course  we  must  add  it  to  the  normal  measure,  in  order  to 
Mfce  It  aqaal  to  one  thousand  milliime*.   If  the  temperature  of  the  solution  had  fallen 

10  isfrwi,  the  difference  of  the  weight  of  a  measure  from  10  to  15  degrees  would  be 
Hli|r«,  whkh  we  must  on  the  contrary  deduct  fVom  the  measure,  since  it  had  been  taken 
^kq^  These  differences  of  weight  of  a  ipeasure  of  solutkm  at  15^,  fipom  that  of  m 
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meum  at  any  other  tempentQie,  (brm  the  eolamo  15^  of  the  tahle»  where  thef  an 
eipresscd  in  thonsandthi ;  they  are  inacrihed  on  the  same  horiioiitai  linea  as  the  ten- 
peratnres  to  which  each  of  them  relates,  with  the  sign  when  they  most  be  adddB, 

and  with  the  sign  —  mtiitts,  when  they  most  be  snbtracted.  The  colamns  5^,  10^,  20^, 
29^,  35®,  have  been  calculated  in  the  same  manner  for  the  cases  in  which  the  normal 
solution  may  have  been  graduated  to  each  of  these  temperatures.  Thus,  to  calculate  the 
column  10,  the  number  100*118  iias  been  taken  of  the  column  of  weights  for  a  term  of 
departure,  and  its  difPerence  from  all  the  numbers  of  the  same  column  has  been 
sought. 


Table  of  Correction  for  the  Variations  in  the  Temperature  of  the  Nonnal  Solution  of 

the  Sea  Salt. 


Tempenitara. 

Weight. 

5** 

10* 

15* 

SO* 

S50 

mill. 

mill. 

mill. 

mill. 

mill. 

mill. 

4 

100^109 

0*0 

 0*1 

-  o-  i 

I-0-7 

h  1*7 

-  jCI  1 

5 

100,113 

0*0 

 0*1 

-  0*1 

-0*7 

-  1-7 

-2-8 

6 

100,115 

0-0 

0*0 

-0*2 

-0*8 

-1-7 

h2-8  1 

7 

110,118 

4-  O'l 

0*0 

-0*2 

-0*8 

-  1-7 

-2-8 

8 

100,120 

4.  0-1 

0-0 

-0'2 

-0*8 

-1*8 

-2-8 

9 

100,120 

I  0*1 

0-0 

-0*2 

-0-8 

-  1*8 

-2-8 

10 

100,118 

4- 0-1 

0-0 

-0*2 

-0*8 

-1-7  • 

-2-8 

11 

100,116 

0-0 

0*0 

-0*2 

-0-8 

-1-7  , 

-2-8 

12 

100,114 

0-0 

0-0 

-0*2 

-0-8 

-1*7 

-2-8 

13 

100,110 

0-0 

—  0*1 

-0*1 

-0-7 

-1-7 

-2-7 

14 

100,106 

—  0-1 

—  0*1 

-0*1 

4,0*7 

-2-7 

15 

100,099 

—  0-1 

—  0-2 

-0*0 

kO-6 

-i-e- 

-2-6 

16 

100,090 

—  0-2 

-0-3 

-0*1 

-0-5 

-1-6 

-2-5 

17 

100,078 

—  0*4 

—  0-4 

-0*2 

-0-4 

-1»3 

-2-4 

18 

100,065 

—  0*5 

—  0*5 

-0*3 

-0-3 

-1*2 

-2«3 

,  19 

100,053 

—  0-6 

—  0-7 

-0*5 

4.0-1 

-  M 

-2-2 

20 

•  100,039 

—  0-7 

—  0-8 

-0*6 

0-0 

-10 

-2-0 

21  ' 

100,021 

—  0-9 

—  1*0 

-0-8 

-0-2 

-0-8 

-1-9 

22 

100,001 

—  1-1 

—  1-2 

-  1-0 

-0-4 

-0-6 

-1-7 

23 

99,983 

—  1-3 

—  1*4 

-  1-2 

-0-6 

-0*4 

-1-5 

24 

'  99,964 

—  1-5 

—  1-5 

-  1-4 

-0-8 

-0-2 

-1-3 

25 

99,944 

—  1-7 

-1-7 

-  1-6 

-1*0 

0*0 

- 

-M 

26 

99,924 

— 1-9 

—  1-9 

-  1-8 

-1*2 

-0-2 

-0-9 

27 

99,902 

--21 

-2-2 

-2-0 

-1-4 

-0-4 

-0-7 

28 

99,879 

—  2-3 

—  2-4 

-2-2 

-1-6 

-0-7 

-0-4 

29 

99,858 
99,836 

--2-6 

—  2-6 

-2*4 

-1-8 

-0-9 

-0-2 

30 

—  2-8 

—  2-8 

-2-6 

-2-0 

-1-1 

0-0 

Several  expedients  have  been  employed  to  facilitate  and  abridge  the  manipulations.  In 
the  first  place,  the  vials  for  testing  or  assayins:  the  specimens  of  silver  should  all  be  of 
the  same  height  and  of  the  same  cUameter.  They  should  be  numbered  at  their  top,  as  weU 
as  on  their  stoppers,  in  the  order  1,  2,  3,  &c.  lliey  may  be  ranged  successively  in  tens; 
the  stoppers  of  the  same  series  being  placed  on  a  support  in  their  proper  order.  Each  two 
▼ials  should,  in  their  torn,  be  placed  in  a  japanned  tin  case  (fig.  90),  with  ten  compart- 
ments duly  numbered.  These  compartments  are  cut  out  anteriorly  to  about  half  their 
heii^t,  to  allow  the  bottoms  of  the  bottles  to  be  seen.  When  each  vial  has  receiTcd  its 
portion  of  alloy,  through  a  wide-beaked  funnel,  there  must  be  poured  into  it  about  10 
srammes  of  nitric  acid,  of  specific  gravity  1-28,  with  a<  pipe<l«,  containing  that  quantity; 
ft  is  then  exposed  to  the  heat  of  a  water  bath,  in  order  to  ih^ftltate  the  solution  of  the 
alloy.  The  water  bath  is  an  oblong  vessel  made  of  tin  plate^  Intended  to  receive  the 
vials.  It  has  a  moveable  double  bottom,  pierced  with  small  heleS,  for  the  purpose  of  pre- 
Tenting  the  vials  being  broken,  as  it  insulates  them  from  the  bottoar  to  which  the  heat  is 
applied.  The  solution  is  rapid ;  and,  since  it  emits  nitrous  vapors  in  abundance,  it  oug^ 
to  be  carried  on  under  a  chimney. 

The  agitaior^—Fig,  91  gives  a  sufficiently  exact  idea  of  it,  and  may  dispense  witt  a 
lengthened  description.  It  has  ten  cylindrical  compartments,  numbered  from  1  to  10. 
The  vials,  aAer  the  solution  of  the  alloy,  are  arranged  in  it  in  the  order  of  their  nnm- 
beck  The  agitator  is  then  placed  within  reach  of  the  pipette,  intended  to  measure  out 
tlMMnmal  solution  of  sea  salt,  and  a  ptjM//e  full  of  this  solutron  is  put  in  each  fvL 
Each  ii  then  ckwed  with  its  glass  stopper,  previously  dipped  in  pure  water.  They  are 
find  in  the  cells  of  the  agitator  by  wooden  wedges.   The  agitator  is  then  suspended 
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t»  m  spring  R,  %nd,  teixiBg  it  with  the  two  hands,  the  op«M»r  gires  an  alternattng 
«^m<l  movement,  which  agitates  the  solution,  and  makes  it,  in  less  than  a  minute,  as 

limpid  as  water.  This  rooyement 
is  promoted  by  a  spiral  spring, 
fixed  to  the  agitator  and  the  gronnd, 
but  this  is  sddom  made  use  of,  be- 
cause it  is  convenient  to  be  able  lo 
transport  the  agitator  from  one  plaee 
to  another.  When  the  agitation  is 
finished,  the  wedges  are  to  ~  be  taken 
out,  and  the  vials  are  placed  in  OTder 
upon  a  table  furnished  with  round 
cells  destined  to  receive  them,  and  to 
screen  them  from  too  free  a  light. 

Whea  we  place  the  vials  upon  this 
table,  we  must  give  them  a  brisk  cir- 
cularv  motion,  to  collect  the  chloride 
of  silver  scattered  round  their  sides; 
we  most  lift  out  their  stoppers,  and 
suspend  them  in  wire  rings,  or  pincen. 
We  next  pour  a  thousandth  of  tiie 
decime  solution  into  each  vial;  and 
before  this  operation  is  terminate^ 
there  is  formed  in  the  first  visJs^ 
when  there  thould  be  a  precipitate,  « 
nebulous  stratum,  very  well  marked, 
of  about  a  centimetre  in  thickness. 

At  the  back  of  the  table  there  is  « 
black  board  divided  into  compart- 
ments numbered  from  1  to  10,  upoa 
each  of  which  we  mark,  with  chalk, 
the  thousandths  of  the  decime  liquor 
put  into  the  correspondent  vial.  The 
thousandths  of  sea  salt,  which  indicate 
an  augmentation  of  standard,  are  pi^ 
ceded  by  the  sign  4~>  thmt- 
^ndfhs  of  nitrate  of  silver  by  the  sign  — .  * 

When  the  assays  are  finished,  the  liquor  of  each  vial  is  to  be  poured  into  a  large 
**^9BeI,  in  which  a  slight  excess  of  sea  salt  is  kept ;  and  when  it  is  full,  the  supemataSHt 
^^ear  Uquid  must  be  run  off  with  a  syphon. 

The  chloride  of  silver  may  be  reduced  without  any  perceptible  loss.   After  hav^ 
hashed  it  well,  we  immerse  pieces  of  iron  or  zinc  into  it,  and  add  sulphuric  acid  in  sufiC 
^Sent  quantity  to  keep  up  a  feeble  disengagement  of  hydrogen  gas.   The  mass  must  not 
fc^  tooched.   In  a  few  days  the  sQver  is  completely  reduced.   This  is  easily  recognised 
^sy  the  color  and  nature  of  the  product ;  or  by  treating  a  small  quantity  of  it  with 
"Crater  of  ammonia,  we  shall  see  whether  there  be  any  chloride  unreduced ;  for  it  will 
^«  dissolved  by  the  ammonia,  and  will  afterwards  appear  upon  saturating  the  ammonia 
"writh  an  add.   The  chlorine  remains  associated  with  the  iron  or  the  zinc  in  a  state 
of  solution.   The  first  washings  of  the  reduced  silver  must  be  made  with  an  addnloiit 
'^vater,  to  dissolve  the  oxyde  of  iron  which  may  have  been  formed,  and  the  other  washinga 
writh  common  water.    After  decanting  the  water  of  the  last  washing,  we  dry  the  mass, 
mad  add  a  little  powdered  borax  to  it.   It  must  be  now  fused.   The  silver  being  in  a 
Vnlky  powder,  is  to  he  put  in  successive  portions  into  a  crucible  as  it  sinks  down.  The 
heat  should  be  at  first  moderate ;  but  towards  the  end  of  the  operation  it  must  be  pretty 
strong  to  bring  into  complete  fusion  the  silver  and  the  scoris,  and  to  effect  thehr 
complete  separation.   In  case  it  should  be  supposed  t^at  the  whole  of  the  silver  had 
Mt  been  reduced  by  the  iron  or  zinc,  a  little  carbonate  of  potash  should  be  added  to  the 
bortx.   The  silver  may  also  be  reduced  by  exposing  the  chloride  to  a  strong  heat,  is 
Ottttct  with  chalk  and  charcoal. 

The  following  remarks  by  M.  Gay  Lussac,  the  author  of  the  above  method,  upon  the 
*ftei  of  a  little  mercury  in  the  humid  assay,  are  important : — 

h  is  wen  known  that  chloride  of  silver  blackens  the  more  readily  as  it  is  exposed 
to  in  intense  light,  and  that  even  in  the  diffused  light  of  a  room,  it  becomes  sootf 
*ttifaly  colored.  If  it  contains  four  to  five  thousandths  of  mercury,  it  does  not  blacken: 
^^ondns  of  a  dead  white :  with  three  thousandths  of  mercury,  there  is  no  marked 
^^>ttlQringin  diffused  light;  with  two  thousandths  It  is  slight;  with  one  it  is  modi 
^mM,  bat  stin  it  is  maeh  less  intense  than  with  pure  chloride.   With  half  • 
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thousandth  of  mercury  the  difference  of  color  is  not  remarkahle,  ud  it  petedud  «V 
in  a  very  moderate  U^t. 

But  when  the  quantity  of  mercury  is  so  small  that  it  cannot  be  detected  by  1k& 
difference  of  color  in  the  chloride  of  silver,  it  may  be  rendered  quite  erident  by  •  fcrf 
simple  process  of  concentration.  Dissolve  one  i^mme  of  the  silver  supposed  to  coatsii 
i  of  a  thousandth  of  mercury,  and  let  only  }  of  it  be  precipitated,  by  adding  only  }  of 
the  common  sail  necessary  to  precipitate  it  entirely.  In  thus  operating,  the  }  thou- 
sandth of  mercury  is  concentrated  in  a  quantity  of  chloride  of  silver  four  times  smaller: 
it  Is  as  if  the  silver  having  been  entirely  precipitated,  four  times  as  much  mercury, 
equal  to  two  thousandths,  had  been  precipitated  with  it. 

In  taking  two  grammes  of  silver,  and  precipitating  only  }  by  common  salt,  the 
precipitate  would  be,  with  respect  to  the  chloride  of  silver,  as  if  it  amounted  to  four 
thousandths.  By  this  process,  which  occupies  only  five  minutes,  because  exact  weighing 
ia  not  necessary,      of  a  thousandth  of  mercury  may  be  detected  in  silver. 

It  is  not  useless  to  observe,  that  in  making  those  experiments  the  most  exact  manner 
of  introducing  small  quantities  of  mercury  into  a  solution  of  silver,  is  to  weigh  •  minute 
globule  of  mercury,  and  to  dissolve  it  in  nitric  acid,  diluting  the  solution  so  that  it 
may  contain  as  many  cubic  centimetres  as  the  globule  weighs  of  centigranunes.  Each 
cubic  centimetre,  taken  by  means  of  a  pipette,  will  contain  one  milligramme  of 
mercury. 

If  the  ingot  of  silver  to  be  assayed  is  found  to  contain  a  greater  quantity  of  mereoryy 
one  thousandth  for  example,  the  humid  process  ought  either  to  he  given  up  in  this 
case,  or  to  be  compared  with  cupellation. 

When  the  silver  contains  mercury,  the  solution  from  which  the  mixed  chlorides  are 
precipitated  does  not  readily  become  clear. 

Silver  containing  mercury,  put  into  a  small  crucible  and  mixed  with  lamp-black, 
to  prevent  the  volatilization  of  the  silver,  was  heated  for  three  quarters  of  an  boor 
in  a  muffle,  but  the  silver  increased  sensibly  in  weight.  This  process  for  separating  the 
mercury,  therefore,  failed.  It  is  to  be  observed,  that  mercury  is  the  only,  metal  whid* 
has  thus  the  power  of  disturbing  the  analysis  by  the  humid  way. 

Assaying  of  Gold. — In  estimating  or  expressing  the  fineness  of  gold,  the  ^Hiole 
mass  spoken  of  is  supposed  to  weigh  24  carats  of  12  grains  each,  either  real,  or  merely 
proportional,  like  the  assayer^s  weights ;  and  the  pure  gold  is  called  fine.  Thus,  if 
gold  be  said  to  be  23  carats  fine,  it  is  to  be  understood,  that  in  a  mass,  weighing 
24  carats,  the  quantity  of  pure  gold  amounts  to  23  carats. 

In  such  small  work  as  cannot  be  assayed  by  scraping  off  a  part  and  cupelling  it, 
the  assayers  endeavor  to  ascertain  its  fineness  or  quality  by  the  touch.  This  is  a 
method  of  comparing  the  color  and  other  properties,  of  a  minute  portion  of  the 
metal,  with  those  of  small  bars,  the  composition  of  which  is  known.  These  bars  are 
called  touch  needles,  and  they  arc  rubbed  upon  a  smooth  piece  of  black  basaltes  or 
pottery,  which,  for  this  reason,  is  called  the  touchstone.  Black  fiint  slate  will  serve 
the  same  purpose.  Sets  of  gold  needles  may  consist  of  pure  gold ;  of  pure  gold,  23J 
enrats  with  |  carat  of  silver ;  23  carats  of  gold  with  one  carat  of  silver;  22|  carats  of 
gold  with  1|  carat  of  silver;  and  so  on,  till  the  silver  amounts  to  four  carats;  after 
which  the  additions  may  proceed  by  whole  carats.  Other  needles  may  be  made  in  the 
tame  manner,  with  copper  instead  of  silver ;  and  other  sets  may  have  the  addition, 
consisting  either  of  equal  parts  of  silver  and  copper,  or  of  such  proportions  as  the 
occasions  of  business  require.  The  examination  by  the  touch  may  be  advantngeondy 
employed  previous  to  quartation,  to  indicate  the  quantity  of  silver  necessary  to  be 
added. 

In  foreign  countries,  where  trinkets  and  small  work  are  required  to  be  submitted  to 
the  assay  of  the  touch,  a  variety  of  needles  is  necessary  ;  but  they  are  not  much  used 
in  England.  They  afford,  however,  a  degree  of  information  which  is  more  considerable 
than  might  at  first  be  expected.  The  attentive  assayer  compares  not  only  the  color  of 
the  stroke  made  upon  the  touchstone  by  the  metal  under  examination,  with  that  produced 
by  his  needle,  but  will  likewise  attend  to  the  sensation  of  roughness,  dryness,  smooth* 
ness,  or  greasiness,  which  the  texture  of  the  rubbed  metal  excites,  when  abraded  by  the 
stone.  When  two  strokes  perfectly  alike  in  color  are  made  upon  the  stone,  he  may 
then  wet  them  with  aquafortis,  which  will  affect  them  very  differently,  if  they  be  not 
similar  compositions ;  or  the  stone  iuelf  may  be  made  red-hot  by  the  fire,  or  by  the  blow- 
pipe, if  thin  black  pottery  be  used ;  in  which  case  the  phenomena  of  oxydation  will  diflRer 
according  to  the  nature  and  quantity  of  the  alloy.  Six  principal  circumstances  appear 
to  affect  the  operation  of  parting ;  namely,  the  quantity  of  acid  used  in  parting,  or  ii 
the  first  boiling ;  the  concentration  of  this  acid ;  the  time  employed  in  its  application! 
the  quantity  of  acki  made  use  of  in  the  reprite,  or  second  operation ;  its  concentration; 
and  the  time  during  which  it  is  applied.  From  experiment  it  has  been  shown,  tnat 
eaeh  of  these  unfavorable  drcnmstances  might  easily  occasion  a  kas  of  fVom  th«  iialf  of 
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ilUitf-weoBd  put  of  a  cant,  to  two  thirty-second  pwrti.  The  tsnyen  explain  their 
teebied  language  by  obsenring,  that  in  the  whole  mass  consisting  of  twenty-fonr  carats, 
dui  thirty-aeeond  part  denotes  l-768th  part  of  the  mass.  It  may  easily  he  conceived, 
tkovtbre,  that  if  the  whole  six  circumstances  were  to  exist,  and  be  productive  of  errors, 
Uiif  the  same  way,  the  loss  would  be  very  considerable. 

It  ii  therefore  indispensably  necessary,  that  one  uniform  process  should  be  followed 
ii  Ike  umyn  of  gold ;  and  it  is  a  matter  of  &«tonishment,  that  such  an  accurate  process 
ihooU  not  have  been  prescribed  by  government  for  assayers,  in  an  operation  of  such 
fraa  eommercial  importance,  instead  of  every  one  being  left  to  follow  his  own 
jidpMnL  The  process  recommended  in  the  old  French  official  report  is  as  follows  : — 
twrifc  giaiat  of  the  gold  intended  to  be  assayed  must  be  mixed  with  thirty  grains  of 
ise  nlver,  and  cupelled  with  108  grains  of  lead.  The  cupellation  must  be  carefbUy 
Madcd  to,  and  aU  the  imperfect  buttons  rejected.  When  the  cupellation  is  ended,  the 
Uttoa  most  be  reduced,  by  hunination,  into  a  plate  of  1)  inches,  or  rather  more,  in 
kigtk,  and  fonr  or  five  lines  in  breadth.  This  must  be  rolled  up  upon  a  quill,  and 
fkoA  ia  a  matrass  capable  of  holding  about  three  ounces  of  liquid,  when  filled  up  to 
ill  sarrow  part.  Two  ounces  and  a  half  of  very  pure  aquafortis,  of  the  strength  of  20 
d^recs  of  Banmi's  areometer,  must  then  be  poured  upon  it ;  and  the  matrass  being 
phced  apoQ  hot  ashes,  or  sand,  the  acid  must  be  kept  gently  boiling  for  a  quarter  of  an 
hoar:  the  add  must  then  be  cautiously  decanted,  and  an  additional  quantity  of  H 
waecs  must  be  poured  upon  the  metal,  and  slightly  boiled  for  twelve  minutes.  This 
likewise  carefully  decanted,  the  small  spiral  piece  of  metal  must  be  washed  with 
fllRed  river  water,  or  distilled  water,  by  filling  the  matrass  with  this  fluid.  The 
vcad  is  then  to  be  reversed,  by  applying  the  extremity  of  its  neck  against  the  bottom 
oTa  crucible  of  fine  earth,  the  internal  surface  of  which  is  very  snKWth.  The  annealing 
mm.  mom  be  made,  aAer  having  separated  the  portion  of  water  which  had  fallen  into 
tke  emdble ;  and,  lastly,  the  annealed  gold  must  be  weighed.  For  the  certainty  of 
tin  operation,  two  assays  must  be  made  in  the  same  manner,  together  with  a  third  as- 
n;  >poa  cold  of  iwenty-four  carats,  or  upon  gold  the  fineness  of  which  is  perfectly  and 
feaarally  known. 

No  eoachision  must  be  drawn  from  this  assay,  unless  the  latter  gold  should  prove  to 
W of  the  fineness  of  twenty-four  carats  exactly,  or  of  its  known  degree  of  fineness;  for, 
if  ikat  he  either  loss  or  surplus,  it  may  be  inferred  that  the  other  two  assays,  having 
iiJtrgoae  the  same  operation,  must  be  subject  to  the  same  error.  The  operation  being 
■ide  aecordini;  to  this  process  by  several  assayers,  in  circumstances  of  importance,  such 
•itkse  which  relate  to  large  fabrications,  the  fineness  of  the  gold  must  not  be  depended 
•Ha,  nor  considered  as  accurately  known,  unless  all  the  assayers  have  obtained  a  uni- 
fivnrnalt,  without  communication  with  each  other.  This  identity  must  be  considered  as 
Rfariag  to  the  accuracy  of  half  the  thirty-second  part  of  a  carat.  For,  notwithstending 
«»oy  poisiUe  precaution  or  uniformity,  it  very  seldom  happens  that  an  absolute  agree* 
u  obtained  between  the  different  assays  of  one  and  the  same  ingot ;  because  the 
iifot  itadf  may  diflfer  in  its  fineness  in  different  j«rts  of  its  mass. 

TW  plMBomena  of  the  cupellation  of  goW  are  the  same  as  of  silver,  only  the  ope-' 
niiBa  u  km  delicate,  for  no  goki  is  lost  bv  evaporation  or  penetration  into  the  bone- 
iik,aad  diefcfofe  it  bears  safely  the  his*est  heat  of  the  assay  furnace.   The  button 

RoU  aever  vegetates,  and  need  not  th^ore  be  drawn  out  to  the  front  of  the  muffle, 
bttaqp  be  kll  at  the  further  end  till  il>e  assay  is  complete.  Copper  is  retained  more 
iln^  bj  gold  than  it  is  by  silver;  so  that  with  it  16  parts  of  lead  are  requisite  to 
>*W  aat  1  of  eopper ;  or,  in  general,  twice  as  much  lead  must  be  taken  for  the  copper 
•Ispi  of  gold,  as  for  those  of  silver.  When  the  copper  is  alloyed  with  very  small  quan- 
ttn  of  gold,  cnpellation  woukf  afford  very  uncertain  results ;  we  must  then  have  re- 
Wseto  liqiiid  analysis. 

v.  Taaqoelia  recommends  to  boil  GO  parts  of  nitric  acid  at  2SP  Baum^,  on  the  spiral 
if  sr  comet  of  gold  and  silver  alloy,  for  twenty-five  minutes,  and  replace  the  liquki 
iAorvaida  bf  acki  of  which  mnst  be  boiled  on  it  for  eight  minutes.  This  process 
mint  bom  aaecrtaiaty  when  the  assay  is  performed  upon  an  alloy  containing  a  con- 
■laalie  qoaatity  cC  eopper.  Bnt  this  is  not  the  case  in  assaying  finer  gokl ;  for  then 
t  inle  silver  alwaft  remains  in  the  gold.  The  surcharge  which  occurs  here  is  2  or  3 
ftMHUHitlM ;  tkl^  it  toQ  much,  and  it  is  an  intolerable  error  when  it  becomes  greater, 
vUdI  fftta  teppcnfl.  This  evfl  may  be  completely  avoided  by  employing  the  fcdlowing 
PKosof  M.  Chaadet.  He  takes  0*500  of  the  fine  gold  to  be  assayed;  cupels  it  with 
HO0flf  alvcff  and  1*000  of  lead;  forms,  with  the  button  from  the  cupel,  a  riband  or 
■rit  thrae  iack^  lomg,  which  he  roUs  into  a  comet.  He  puts  this  into  a  matrass  with 
^•1 he  boils  for  3  or  4  minutes.  He  replaces  this  by  acid  of  32P  B.,  and 
tni  ■iBilTtf  then  decants  off,  and  boils  again  with  acid  of  32P,  whicli  most  be 
iMfc  IsM     S  or.  lO-minntei. 

Mi  tWf^i^ia  very  pare.  He  washes  the  eQBMl»  aad-pnti  it  aiOfae  into  aonall 
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cracible  permeable  to  water ;  heats  the  crucible  to  dall  redness  under  the  mnffle,  when 
the  eoU  assumes  the  metallic  lustre,  and  the  comet  becomes  solid.   It  is  now  taken  oat 

of  the  crucible  and  weighed. 

When  the  alloy  contains  platinum,  the  assajr  presents  greater  difficulties.  In  general, 
to  separate  the  platinum  from  the  gold  with  accuracy,  we  mast  arail  oiirselves  of  a  pe- 
culiar property  of  platinum ;  when  alloyed  with  silver,  it  becomes  soluble  in  nitric  add. 
Therefore,  by  a  proper  quartation  of  the  alloy  by  cupellation,  and  boiling  the  bnttoa  with 
nitric  acid,  we  may  get  a  residuum  of  pure  gold.  If  we  were  to  treat  the  button  with 
sulphuric  acid,  however,  we  should  dissolve  nothing  but  the  silver.  The  copper  is  easily 
removed  by  cupellation.  Hence,  supposing  that  we  have  a  quaternary  compound  of  cop- 
per, silver,  platinum,  and  gold,  we  first  cupel  i^  and  weigh  the  button  obtained ;  the  loss 
denotes  the  copiier.  This  button,  treated  by  sulphuric  acid,  will  suffer  a  loss  of  weight 
equal  to  the  amount  of  silver  present.  The  residuum,  by  quartation  with  silver  and  boil- 
ing with  nitric  acil,  will  part  with  its  platinum,  and  the  goM  will  remain  pure.  For 
more  detailed  explanations,  sc*e  Platinum. 

ATOMIC  VVEIGHl^  or  ATOMS,  are  the  primal  quantities  in  which  the  diffenent 
objects  of  chemistr\',  simple  or  compound,  combine  with  each  other,  refeired  to  a  commoQ 
body,  taken  as  unity.  Oxyi'en  is  ossumed  by  some  philosophers,  and  hydrogen  by  others, 
as  the  standard  of  comparif^on.  Every  chemical  manufacturer  should  be  thoroughly  ac- 
quainted with  the  combinin?  ratios,  which  are,  for  the  same  two  substances,  not  only  deil- 
nite,  but  multiple;  two  great  truths,  upon  which  are  fonn  led  not  merely  the  raiiommU  of 
his  operations,  but  also  the  means  of  modifying  them  to  useful  purposes.  The  dittas- 
ftion  of  the  doctrine  of  atomic  wei^ht^i,  or  prime  equivalent*,  btrlongs  to  pure  chemistry; 
but  several  of  its  hippicst  applications  ar^  to  be  found  in  the  processes  of  art,  as  pumied 
upon  the  greatest  scale.  For  many  instructive  examples  of  this  proposition,  the  vanoa 
chemical  manufactures  may  be  consulted  in  this  Dictionary. 

ATTAR  OF  ROSES.    See  Oils,  Volatilk,  and  Perfcmkrt. 

AURIJM  MUSIVUM.    Mosaic  gold,  a  preparation  of  tin ;  which  see. 

AUTOMATIC,  a  term  which  I  have  employed  to  designate  such  economic  aitiis 
are  carried  on  by  self-actin?  mnchinerj'.    The  word  "  manufacture,"  in  its  etymologietl 
seose«  means  any  system,  or  objects  of  industry,  executed  by  the  hands ;  but  in  the 
vicissitude  of  lanirua^e,  it  has  now  come  to  signify  every  extensive  product  of  art  which  j 
is  made  by  machinery,  with  little  or  no  aid  of  the  human  hand,  so  that  the  most  perfect  | 
manufacture  is  that  which  dispenses  entirely  with  manual  labor.*   It  is  in  our  modera  ; 
cotton  and  (lax  mills  that  automatic  operations  are  displayed  to  most  advantage ;  for  ' 
there  the  elemental  powers  have  been  made  to  animate  millions  of  complex  orfiu, 
infusing  into  form-?  of  wood,  iron,  and  brass,  an  intelligent  agency.    And  as  the 
philosophy  of  the  fine  arts,  poetry,  painting,  and  music,  may  be  best  studied  in  their 
individual  master-pieces,  so  may  the  philosophy  of  manufactures  in  these  its  noldcct 
creations.! 

The  constant  aim  and  effect  of  th«se  automatic  improvements  in  the  arts  are  philan- 
thropic, as  they  tend  to  relieve  the  vorkmen  either  from  niceties  of  adjustment,  which 
exhaust  his  mind  and  fatigue  his  eyes,     from  painful  repetition  of  effort,  which  disUxt 
and  wear  out  his  fjame.    A  weU-arrangc(V,  power-mill  combines  the  operation  of  mtny 
work-people,  adult  and  young,  in  tending  Srith  assiduous  skill  a  system  of  produdiTe 
machines  continuously  impelled  by  a  central  force.    How  vastly  Conducive  to  the 
commercial  greatness  of  a  nation,  and  the  coiTiforts  of  mankind,  human  industry  eaa 
become,  when  no  longer  proportioned  in  its  res^dts  to  muscular  effort,  which  is  by  its 
nature  fitful  and  capricious,  but  when  made  to  consb;v  in  the  task  of  guiding  the  work 
of  mechanical  fingers  and  arms  regularly  impelled,  with  equal  precision  and  velocity, 
by  some  indefatigable  physical  agent,  is  apparent  to  every  visiter  of  our  cotton,  flax, 
sUk,  wool,  and  machine  factories.   This  great  era  in  tl^  useful  arts  is  mainly  due  to 
the  geniys  of  Arkwright.   Prior  to  the  introduction  of  hia  system,  manufactures  were 
everywhere  feeble  and  fluctuating  in  their  development ;  shotting  forth  luxuriantly  Ibr 
a  season,  and  again  withering  almost  to  the  roots  like  annual  plants.   Their  perennkl 
growth  then  begaVi  and  attracted  capital,'  in  copious  streams,  to  irrigate  the  rich  domains 
of  industry.   When  this  new  career  commenced,  about  the  year  1770,  the  annual 
consumption  of  cotton  in  British  manufactures  was  under  four  xnillions  of  pounds 
weight,  and  that  of  the  whole  of  Christendom  was  probably  not  more  than  tea  millioas. 
Last,  year  the  consumption  in  Great  Britain  and  Ireland  was  about  two  hundred  and 
seventy  millions  of  pounds,  and  that  of  Europe  and  the  United  States  together,  (bar  ' 
hundred  and  eighty  millions.   In  our  spacious  factory  apartments  the  benignant  power  " 
of  steam  summons  around  him  his  myriads  of  willing  menials,  and  assigos  to  each  the  ^ 
regulated  task,  substituting,  for  painful  muscular  effort  upon  their  part,  the  energie»^ 
of  his  of^rn  gigantic  arm,  and  demanding,  in  return,  only  attention  and  dexterity  to^ 
eorrect  such  little  aberrations  as  casually  occur  in  his  woriunanship.  Under  his  nnnpirra^  ^ 
•Philotophjof  MaaoikctmrWtp.  1.  tlbid.,p.l. 
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uA  k  obedience  to  Aikwright's  polity,  magnificent  edifice*,  sorpaMing  far  in  nnmberf 
vmIk^  iMfulnen,  and  ingenaity  of  constrnction,  the  boaated  monuments  of  AsiatiCy 
I^upiiaa,  and  Roman  detpotism,  have,  within  the  short  period  of  fiAy  years,  risen  op 
•  this  kingdom,  to  show  to  what  extent  capital,  industry,  and  science,  may  augment 
the  fgwwfces  of  a  state,  while  they  meliorate  the  condition  of  its  citizens.   Such  is  the 
aoioiMtic  <c}'stfm,  replete  with  prodisaes  in  mechanics  and  political  economy,  which 
pRsniics,  in  its  future  growth,  to  become  the  threat  minister  of  civilization  to  the  ter- 
fiqiwoas  globe,  enabling  this  country,  as  its  heart,  to  diffuse,  along  with  its  commerce, 
the  life-bkiod  of  knowledge  and  religion  to  myriads  of  people  still  lying  "  in  the  region 
•ad  diidow  of  death."*   Of  these  truths,  the  present  work  affords  decisive  evidence  in 
■imoft  every  page. 

AUTOMATON.  In  the  etymological  sense,  this  word  (self-working)  signifies  every 
awchaaical  construction  which,  by  virtue  of  a  latent  intrinsic  force,  not  obvious  to  com- 
Bon  eyes,  can  carry  on,  for  some  time,  certain  movements  more  or  less  resembling  the 
ffsolls  of  animal  exertion,  without  the  aid  of  external  impulse.  In  this  respect,  all  kinds 
'if  ckicks  and  watches,  planetariums,  common  and  smoke  jacks,  with  a  vast  number  of  the 
Bidiiaes  now  employed  in  our  cotton,  silk,  flax,  and  wool  factories,  as  well  as  in  our 
dreing  and  calico  printing  works,  may  be  denominated  automatic.  But  the  term,  auto- 
■atoo,  IS,  in  common  language,  appropriated  to  that  class  of  mechanical  artifices  in  which 
the  purposely  concealed  power  is  made  to  imitate  the  arbitrary  or  voluntary  motions  of 
fiviag  beings.  Human  figures,  of  this  kind,  are  sometimes  styled  Jndroidtf,  from  the 
Grcek  term,  iike  a  man, 

Ahhough,  from  what  we  have  said,  clock-work  is  not  properly  placed  under  the 
hnd  automaton,  it  cannot  be  doubted  that  the  art  of  making  clocks,  in  its  promssive 
inprovement  and  extension,  has  given  rise  to  the  production  of  automata.  The  most 
sf  these,  in  their  interior  structure,  as  well  as  in  the  mode  of  applying  the  movins 
povvr,  have  a  distinct  analogy  with  clocks ;  and  these  automata  are  frequently  mounted 
is  oionexion  with  watch  work.  Towards  the  end  of  the  13th  century,  several  tower 
docks,  such  as  those  at  Strasburg,  Lubec,  Prague,  Olmutz,  had  curious  mechanisms 
■IlKhed  to  them.  The  most  careful  historical  inquiry  proves  that  automata,  properly 
ipetkia?,  are  certainly  not  older  than  tc/^ee/-clocks;  and  that  the  more  perfect  strue- 
Urci  of  this  kind  are  subsequent  to  the  eeneral  introduction  of  «pring-clocks.  Many 
•eeoants  of  ancient  automata,  such  as  the  flying  doves  of  Archytas  of  Tarentum, 
Rfffknaontanus's  iron  flies,  the  casle  which  flew  towards  tfie  emperor  Maximilian,  in 
VuvmbQrg,  in  the  year  1470,  were  deceptions,  or  exaggerated  statements;  for,  three  such 
mtrrpieces  of  art  would  form  now,  with  every  aid  of  our  improved  mechanisms,  the 
■oit  diflicalt  of  problems.  The  imitation  of  flying  creatures  is  extremely  diflScult,  for 
vveral  reasons.  There  is  very  little  space  for  the  moving  power,  and  the  only  ma- 
tmsl  poMcsaed  of  requisite  strength  being  metal,  must  have  considerable  weight.  Two 
Ailfloala,  of  the  celebrated  French  mechanician,  Vaucauson,  first  exhibited  in  the  year 
n38,  have  been  greatly  admired ;  namely,  a  flute-player,  five  and  a  half  feet  high,  with 
ill  cabieal  pedestal,  which  played  several  airs  upon  the  German  flute ;  and  that,  not  by 
ny  interior  tube-work,  but  through  the  actual  blowing  of  air  into  the  flute,  the  motion 
cf  the  tongue,  and  the  skilful  stopping  of  the  holes  with  the  fingers ;  as  also  a  duck, 
which  imiiated  many  motions  of  a  natural  kind  in  the  most  extraordinary  manner. 
This  aitast  has  had  many  imitators,  of  whom  the  brothers  Droz  of  Chaux  dc  Fonda 
we  the  most  distinguished.  Several  very  beautiful  clock  mechanisms  of  theirs  are 
kaowi.  One  of  them  with  a  figure  which  draws;  another  playing  on  the  piano;  a  third 
vhich  writes,  besides  numerous  other  combined  automata.  Frederick  Von  Knaust 
Mplefed  a  writing  machine  at  Vienna,  in  the  year  1760.  It  is  now  in  the  model 
eih^  of  the  Polytechnic  Institute,  and  consists  of  a  gk>be  2  feet  in  diameter,  con* 
tuiag  the  mechanism,  upon  which  a  figure  7  inches  high  sits,  and  writes  upon  a  sheet 
<f  paper  fiud  to  a  frame,  whatever  has  been  placed  beforehand  upon  a  reffulating  cy- 
hriir.  At  the  end  of  every  line,  it  rises  and  moves  its  hand  sideways,  in  oiW  to  begin 
iMUae.  . 

▼cry  complete  automata  have  not  been  made  of  late  years,  bemuse  they  are*  very 
Qpmsive;  and  by  soon  satisfying  curiosity,  they  cease  to  interest.  Ingenious  me- 
chsaieisas  find  themselves  better  rewarded  by  directing  their  talents  to  the  self-acting 
■Khtaery  of  modem  manufactures.  We  may  notice  here,  hO>9rcver|  the  mechanical 
A^petrr  of  Malari,  at  Vienna,  and  a  similar  work  of  Kauflmann,  at  Drcsderf.  In 
Fnich  Switzerland  some  artists  continue  to  make  minute  automata  which  excite  no 
fink  woader ;  tach  as  singing  canary  birds,  with  various  movements  of  a  natural  kind  | 
^  little  biftls,  aometimes  hardly  three  quarters  of  an  inch  long,  in  snufif-boxes  and 
^lehcs  of  enamened  gokl.  Certain  artificial  figures  which  have  been  denominated 
iikMtB,  hardly  deKrve  the  name ;  since  trick  and  confederacy  are  more  or  leu  eoB- 
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emed  in  their  opmUon.  To  this  head  belong  a  number  of  figures  nppnrentlj  speaking 
hf  mechanism;  a  cloek  which  begins  to  strike,  or  to  play,  when  a  perm  makes  a 
sign  of  hokling  np  his  finger ;  this  effect  being  probably  prodaced  by  a  concealed 
green-finch,  or  other  little  bird,  instmcted  to  set  off"  the  tUtente  of  the  wheel-work  at  a 
signal.  It  is  likely,  also,  that  the  chess  player  of  Von  Kempelen,  which  excited  so  mack 
wonder  in  the  last  century,  had  a  conc^ed  confederate.  Likewise,  the  very  mgenioas 
little  Agwrn  of  Tendler,  father  and  son,  which  imitated  English  honemen  and  rope-daa- 
cers,  constructed  at  Eisenerz,  in  Styria,  are  probably  no  more  tme  automata  than  the 
fantoccini,  or  figures  of  puppets  which  are  exhibited  in  great  perfection  in  many  towns  of 
Italy,  especially  at  Rome. 

The  moTing  power  of  almost  all  automata  is  a  wound-up  steel  spring  ;  because  in  eons- 
parisbn  with  other  means  of  giving  motion,  it  takes  up  the  smallest  room,  is  easiest  eos- 
cealed,  and  set  a-going.  Weights  are  seldom  employed,  and  only  in  a  partial  way.  The 
employment  of  other  moving  pQwers  Is  more  limited ;  sometimes  fine  sand  is  made  to  faD 
on  the  circumference  of  a  wheel,  by  which  the  rest  of  the  mechanism  is  moved.  For  the 
nme  purpose  water  has  been  employed ;  and,  when  it  is  made  to  fall  into  an  air-drnmbeTf 
it  causes  sufficient  wind  to  excite  musical  sounds  in  pipes.  In  particular  cases  qnieksil- 
▼er  has  been  use),  as.  for  example,  in  the  Chinese  tumblers,  which  is  only  a  physical  ap 
paratus  to  illustrate  the  doctrine  of  the  centre  of  gravity. 

Figures  are  frequently  constructed  for  playthings  which  move  by  wheels  hardly  visible 
An  example  of  this  simplest  kind  of  automaton  which  may  be  introduced  here,  as  iUoi- 
trating  the  self-acting  principles  of  manufactures,  is  shown  in  the  figure. 

Fig,  92  exhibits  the  outlines  of  an  automaton,  representing  a  swan,  with  saiCablf 
eombmed  movements.   The  mechanism  may  be  deseribed,  for  the  sake  of  deamoi 

at  explanation,  under  ^ 
tinct  heads.  The  first  rdM 
to  the  motion  of  the  whole 
figure.  By  means  of  tSm 
part  it  swims  upon  the  wattr, 
in  directions  ehanged  ftm 
time  to  time  without  exterior 
agency.  Another  constne- 
tion  gim  to  the  figure  the 
faculty  of  bending  its  neefccNi 
several  occasions,  mad  to 
such  an  extent  that  it  cam 
plunge  the  bill  and  a  portioa 
of  the  head  under  wat«. 
Lastly,  it  is  made  to  move 
ito  head  and  neck  stofrty 
fVom  side  to  side. 

On  the  barrel  oTthe  sprmg^ 
exterior  to  the  usual  raldiel 
wheel,  there  is  a  main-wheel,  marked  1,  which  works  into  the  pinion  of  the  wheel  2. 
The  wheel  2  moves  a  smaller  one,  shown  merely  in  dotted  lines,  and  on  the  kmg  axil 
of  the  latter,  at  either  end  there  is  a  rudder,  or  water-wheel,  the  paddles  of  whkb  are 
denoted  by  the  letter  a.  Both  of  these  rudder-wheels  extend  through  aa  ohioag 
opening  in  the  boUom  of  the  figure  down  into  the  water.  They  turn  in  the  direetioa 
of  the  arrow,  and  impart  a  straight-forward  mov«nent  to  the  swan.  The  chamber, 
in  which  these  wheels  revolve,  is  made  water  tight,  to  prevent  moisture  being  thrown 
upon  the  rest  of  the  machinery.  By  the  wheel  4,  motion  is  conveyed  to  the  fly-pinion  5 : 
the  fly  itself  6,  serves  to  regulate  the  working  of  the  whole  apparatus,  and  it  is  prorided 
with  a  stop  bar  not  shown  in  the  engraving,  to  bring  it  to  rest,  or  set  it  a-going  al 
pleasure.  Here,  as  we  may  imagine,  the  path  pursued  is  rectilinear,  when  the  rudUer- 
wheels  are  made  to  work  in  a  square  direction.  An  oblique  bar,  seen  only  in  seeliiai 
at  b,  Inoveable  about  its  middle  point,  carries  at  each  end  a  web  foot  c,  so  that  the  dlree- 
tion  of  the  bar  b,  and  of  both  feet  towards  the  rudder  wheels,  determines  the  form  of 
the  path  Vhlch  the  figure  win  describe.  The  change  of  direction  of  that  oUique  tar 
is  effected  without  other  agency.  For  this  purpose  the  wheel  1  takes  into  the  pinion  7, 
and  this  carries  round  the  crown-wheel  8,  which  is  fixed,  with  an  eccentric  disc  9,  upon 
a  common  axis.  While  the  crown-wheel  moves  in  the  direction  of  the  maw,  it  turns 
the  smaller  eccentric  portion  of  the  elliptic  disc  towards  the  lever  m,  whidi,  pnmeA 
u^n  incessantly  by  its  spring,  assumes,  by  degrees,  the  position  corresponding  with  the 
noddle  line  of  the  figure,  and  aAerwards  an  oblique  position ;  then  it  goes  back  agnl^ 
and  reaches  its  first  situation ;  consequently,  through  the  reciprocal  turning  of  the  bar  ft, 
and  the  swim-foot,  is  determined  and  varied  the  path  which  the  swan  must  pome. 
This  construction  is  available  with  all  automata,  which  woric  by  wheels;  and  it  is  ob- 
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fiM,  Ibu  we  BMfy  by  different  forms  of  the  disc  9,  modify,  at  pleasure,  the  direction 
id  tk  velocity  of  the  tomings.  If  the  disc  is  a  circle,  for  instance,  then  the  changes 
will  ake  place  lest  suddenly;  if  the  disc  has  an  outward  and  inward  curvature,  upon 
ikoK  edge  the  end  of  the  lever  presses  with  a  roller,  the  movement  will  take  place  in  a 
Mrpeatiiie  line. 

Tke  aeek  is  the  part  which  requires  the  most  careful  workmanship.  Its  outward  case 
Mtf  be  flezible,  and  the  neck  itself  should  therefore  be  made  of  a  tube  of  spiral  wire, 
omred  with  leather,  or  with  a  feathered  bird-skin.  The  double  line  in  the  interior, 
vhoe  we  see  the  triangles  e,  e,  e,  denotes  a  steel  spring  mode  fast  to  the  plate  10,  which 
firiM  the  bottom  of  the  neck ;  it  stands  loose,  and  needs  to  be  merely  so  strong  as  to 
keep  the  neck  straight,  or  to  bend  it  a  little  backwards.  It  should  not  be  equally 
(kick  in  all  points,  but  it  should  be  weaker  where  the  first  graceful  bend  is  to  be  made; 
tti,ia  general,  its  stiffness  ought  to  correspond  to  the  curvature  of  the  neck  of  thb  bird. 
IV  triangles  <  are  made  fast  at  their  base  to  the  front  surface  of  the  spring ;  in  the 
puts  of  each  there  is  a  slit,  in  the  middle  of  which  a  moveable  roller  is  set,  formed  of  a 
!  aoochly  tamed  steel  rod.  A  thin  catsut  string /»  runs  from  the  upper  end  of  the 
iprisf,  where  it  i«  fixed  over  all  these  rollers,  and  passes  through  an  aperture  pierced 
ii  tlK  mkldle  of  10,  into  the  inside  of  the  rump.  If  the  catgu^  be  drawn  straight 
lad  towards  /,  the  spring,  and  consequently  the  neck,  must  obviously  be  bent, 
isd  to  mnch  the  more,  the  more  tij^htly  /  is  pulled,  and  is  shortened  in  the  hollow  of 
Hh  seek.  How  this  is  accomplished  by  the  wheel-work  will  presently  be  shown.  The 
vWdll  receives  its  motion  from  the  pinion  «,  connected  with  the  main-wheel  1. 
Cpoa  11  there  is,  moreover,  the  disc  12,  to  whose  circumference  a  slender  chain  is 
teeoad.  When  the  wheel  11  turns  in  the  direction  of  the  arrow,  the  chain  will  be  so 
Mck  pulled  onwards  through  the  currespomling  advance  at  the  point  at  12,  till  this 
poisikas  eome  to  the  place  opposite  to  its  present  situation,  and,  consequently,  11  must 
performed  half  a  revolution.  The  other  end  of  the  chain  is  huni;  in  the  groove 
of  •  very  moveable  roller  14;  and  this  will  be  turned  immediately  by  the  unwiii(Sng  of 
tke  chain  opon  its  axiff.  There  turns,  in  connexion  with  it,  however,  the  large  rollor  13, 
to  vUch  the  catgat  /  is  fastened ;  and  as  this  is  pulled  in  the  direction  of  the  arrow, 
,  tke  seek  wOl  be  bent  until  the  wheel  1 1  has  made  a  half  revolution.  Then  the  drag 
'  ecMcs  again  to  act  upon  the  chain  and  the  catgut ;  the  spring  in  the  neck  comes  into 
tkf;  it  becomes  stiaight,  erects  the  neck  of  the  animal,  and  turns  the  rollers  13  and 
14,  kack  into  their  first  position. 

Tke  roller  13  is  of  considerable  size,  in  order  that  through  the  slight  motion  of  the 
nier  14,  a  snffident  length  of  the  catgut  may  be  wound  off,  and  the  requisite  short- 
est of  the  neck  may  be  effected ;  which  results  flrom  the  proportion  of  the  diameters 
oflkerallevi  II,  13,  and  14.  This  part  of  the  mechanism  is  attached  as  near  to  the 
aifc  af  the  boUow  body  as  possible,  to  make  room  for  the  interior  parts,  but  particularly 
£r  the  paddle-wheels.  Since  the  catgut,/,  must  pass  downwards  on  the  middle  from 
10,  il  is  necesaary  Co  incline  it  sideways  and  outwards  towards  13,  by  means  of  some 
tsaDnOen, 

The  hendy  ecmstituting  one  piece  with  the  neck,  will  be  depressed  by  the  complete 
ienve  wt  this ;  and  the  bill,  being  turned  downwards  in  front  of  the  breast,  wiU  touch 
the  BvlMeof  the  water.  The  head  will  not  be  motionless;  but  it  is  joined  on  both 
vdohyaTcry  moveable  hinge,  with  the  light  ring,  which  forms  the  upper  part  of  the 
ckchmgif  tlie  neek.  A  weak  spring,  g,  also  fastened,  to  the  end  of  the  neck,  tends  to 
cm  the  Inad  baekwards ;  bat  in  the  present  position  it  cannot  do  so,  because  a  chahi 
at  f,  whaie  other  end  is  attached  to  ^e  plate  10,  keeps  it  on  the  stretch.  On  the  bending 
<f  die  aedCt  this  chain  becomes  slack ;  the  spring  g  comes  into  operation,  and  throws 
ihc  heal  10  fiir  back,  that,  in  its  natural  position,  it  will  reach  the  water. 

Finallir,  to  reader  the  turning  of  the  head  and  the  neck  practicable,  the  latter  is  not 
dndy  coaaeeted  with  the  romp,  while  the  plate  10  can  turn  hi  a  cylindrical  manner 
^m  fU  axil,  bat  eannot  become  loose  outwardly.  Moreover,  there  is  upon  the  axis  of 
tte  wheel  1,  and  behind  it  (shown  merely  as  a  circle  in  the  engraving)  a  bevel  wheel, 
nUA  woAm  into  a  second  similar  wheel,  15,  so  as  to  turn  it  in  a  horizontal  direction. 
The  pin  18,  of  the  hst  wheel,  works  upon  a  two-armed  lever  19,  moveable  round  the 
fiat  kj  and  thin  lever  moves  the  nedctby  means  of  the  pin  17.  The  shorter  arm  of  the 
hw  19  hat  aa  oral  aperture  in  which  the  pin  16  stands.  As  soon  as  this,  in  con- 
Nfnau  of  the  morement  of  the  bevel  wheel  15,  comes  into  the  dotted  position,  it  pushes 
tte  ovil  riaf  oatwards  on  its  smaller  diameter,  and  thereby  turns  the  lever  upon  the 
Prirt  k,  Info  tlie  oWqne  direction  shown  by  the  dotted  lines.  The  pin  16,  having  come 
« ito  way  rifht  opposite  to  its  present  position,  sets  the  lever  again  straight.  Then  the 
%f  the  Ibitker  progress  of  the  pin  in  its  circular  path,  is  directed  outwards  to  the 
JRirflt  rfie:  aad,  at  tut,  when  15  has  made  an  entire  revolution,  it  is  quite  straigfaL 
nil  lager  arm  of  the  lever  follows,  of  course,  these  alternating  movements,  so  that  ft 

%§mek  vpoft  Its  plate  10,  by  B»eans  of  the  phi  17 ;  and,  as  18  denote^  the  hO^  • 
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thii  comes  Into  the  dotted  pootioii.  It  mmy  be  remftrked  In  eonchisioii,  that  tbf 
drawing  oC  Jig.  92  represents  aboat  half  the  size  of  which  the  automaton  may  be  coa- 
itnicted,  and  that  the  body  may  be  formed  of  thin  sheet-copper  or  brass. 

Figs,  98  94  95,  show  the  phin  of  a  third  automaton.   A  horse  which  mores  its  fccC 


in  a  satural  way,  and  draws  a  carriage  with  two  figures  sitting  in  it.  The  inan  appron 
to  drive  the  horse  with  a  whip ;  the  woman  bends  forward  fVom  him^  in  front.  The 
foor  wheels  of  the  carriage  have  no  connexion  with  the  moving  mechanism.  In  Jig.  9h, 
some  parts  are  represented  upon  a  larger  scale.  The  wheel  1,  in  Jig.  93,  operates 
through  the  two  carrier  wheels  upon  the  wheels  marked  4  and  5.  By  means  oi*  the  azi» 
of  these  two  wheels,  the  feet  are  set  in  motion.  The  left  fore-foot,  a,  the*  the  right 
hinder  foot,  move  themselves  backwards,  and  take  hoMjpf  the  ground  with  small  tadis 
in  their  hoofs,  while  the  two  other  legs  are  bent  and  raised,  but  no  motion  of  the  body 
takes  place.  The  carriage,  however,  with  which  the  horse  is  connected,  advances  upon 
its  wheels.  By  studying  the  mechanism  of  the  foot,  a,  and  the  parts  connected  with  it, 
we  can  readily  undentand  the  principles  of  the  movement.  The  axis  of  wheel  4  is 
crank-shaped  on  both  sidas,  where  it  has  to  operate  directly  on  the  fore  feet ;  but  for 
each  foot,  it  is  bent  in  an  opposite  direction,  as  is  obvious  in  the  front  view  Jig,  94. 
This  crank,  or  properly  its  part  furthest  from  the  axis,  serves  instead  of  the  pin  16,  in 
the  swan,  and  moves  like  it  in  an  oval  spot,  Pfjig.  93,  *i  'two-armed  lever,  which  gives 
motion  through  tooth-work,  but  not  as  in  the  swan,  by  means  of  a  second  pin.  This  whed- 
work  renders  the  motion  smoother.  The  above  lever  has  its  Ailcrum  at  n,Jig,  93,  about 
which  it  turns  alternately,  to  the  one  and  the  other  side,  by  virtue  of  the  rotation  of  the 
wheel  4.'  The  toothed  arch,  or  the  half-wheel  on  the  under  side,  lays  hold  of  a  shorter 
lever,  in  a  shnilar  arch,  upon  the  upper  joint  of  the  foot,  which  is  moved  forward  ani 
backward  upon  the  pivot  m.  In  virtue  of  the  motions  in  the  direction  of  the  arrow, 
the  foot  a  will  move  itself  iSrst  obliquely  backwards,  without  bending,  and  the  body 
will  thereby  bend  itself  forward.  When  the  right  hand  foot  makes  the  same  motion, 
both  the  other  feet  are  raised  and  bent.  The  joints  of  the  foot  at  d  and  e  are  foiaM 
of  hinges,  which  are.  so  constructed  that  they  can  yield  no  farther  than  is  neceasaxy  at 
every  oblique  position  of  the  foot.  With  the  continued  rotation  of  the  wheel  4,  the 
lever  turns  itself  about  n,  in  an  inverted  direction  inwards,  and  impels  the  uppenaott 
foot-joint  forward,  so  that  it  forms  an  acute  angle  with  the  body  in  front.  The  Ibot  is 
now  twice  bent  upon  its  joints.  This  takes  place  by.  the  traction  of  the  chain  /,  which 
led  over  roUere  (as  the  drawmg  shows)  to  the  foot,  and  is  there  fastened.  At  Us 
upper  end  has  its  fixed  pK>int  in  the  interior  of  the  body,  it  is  Uierefore  drawn  hf 
the  eccentric  pin  r  standing  in  Ae  vicinity  of  tn,  and  thus  bends  the  foot  al  the 
hinges.  If  there  was  space  for  it,  a  roller  would  answer  better  than  a  psn.  Bf 
the  recedura  of  the  uppermost  joint  into  the  first  position,  the  tension  of  the  chain  t 
ceases  again  of  itself,  while  the  pin  r  removes  from  it,  and  the  foot  is  again  extended  in 
a  straight  line  by  the  small  springs  operating  upon  its  two  under  parts,  which  woe 
previously  bent  stiffly  by  the  <hain.  By  the  aid  of  the  figures,  with  this  explanation,  it 
will  be  apparent  that  all  the  fora  feet  have  a  similar  construction,  that  the  proper 
succession  of  motions  will  be  effected  through  the  toothed  arcs,  and  the  position  of  the 
cranks  on  the  axis  of  the  wheels  4  and  6,  and  hence  the  advanee  of  the  figure  must 
IhDow.  The  wheel  6  puts  the  fly  7  in  motion,  by  means  of  the  small  wheel  marked  1 ; 
Im  the  fixed  points  of  the  4  chains^  by  means  of  a  ratchet-wheel  and  a  catchy  th^ 
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iieeetiaiy  tentioa  will  agun  be  prodaced  when  the  chains  have  been  drawn  out  a  linle. 
There  is  sufficient  room  for  a  mechanism  which  oonld  give  motion  to  the  head  and  ears, 
were  it  thought  neecMary. 

The  proper  canse  of  the  motions  may  now  be  explained.  In  fig,  95,  a  is  a  wbef  1  connect- 
ed with  the  wound-up  spring,  by  which  the  motion  of  the  two  human  figun-s,  and  also, 
if  desired,  that  of  the  horse  nuy  be  effected.  The  axis  of  the  wheel  h  carries  a  disc  with 
pins,  which  operate  upon  the  two-armed  lever  with  its  fulcrum  e,  and  thns  cnuse  the  bend- 
ing of  the  upper  part  of  one  of  the  figures,  which  has  a  hinge  at  /.  On  the  axis  of  that 
wheel  there  is  a  second  disc  c,  for  giving  motion  to  the  other  figure ;  which,  ftjr  the  sake 
of  clearness,  is  shown  separate,  although  it  should  sit  alongside  of  its  fellow.  On  the 
upper  end  of  the  double-armed  lever  there  is  a  cord  whose  other  end  is  connected  with 
the  moving  arm,  in  the  situation  i,  and  raises  it  whenever  a  pin  in  the  di^  presses  the 
under  part  of  the  le>'er.  A  spring  h  brings  the  arm  back  into  the  original  position, 
when  a  pin  lias  passed  from  the  lever,  and  has  left  it  behind.  The  pins  at  c  and  d  may 
be  set  at  different  distances  from  the  middle  of  the  disc,  whereby  the  motions  of  the  fig- 
ures by  every  contact  of  another  pin  are  varied,  and  are  therefore  not  so  uniform,  aiid 
consequently  more  natural. 

For  the  connexion  of  both  mechanisms,  namely,  the  carriage  with  the  horse,  various 
arrangements  may  be  adopted.  Two  separate  traction  springs  should  be  emrloyed ; 
one  at  a^fig,  95,  in  the  conch-scat;  the  other  in  the  body  of  the  horse.  In  the  coach- 
seat  at  6,  the  fly  with  its  pinion,  as  well  as  a  ratchet-wheel,  is  necessary.  By  means  of 
the  shaft,  the  horse  is  placed  in  connexion  with  the  wagon.  It  may,  however,  receive 
its  motion  from  the  spring  in  the  carriage,  in  which  case  one  spring  will  be  sufficient 
Upon  the  latter  plan  the  fttllowing  construction  may  be  adopted : — ^To  the  axis  of  6, 
Jig.  95.  a  bevel  wheel  i<  to  be  attache:!,  and  from  this  the  motion  is  to  be  transmitted  to 
the  bottom  of  the  carriage  with  the  help  of  a  second  bevel  wheel  «,  connected  with  a 
third  bevel  wheel  L  This  a?ain  tumA  the  wheel  u,  whose  long  axis  v  goes  to  the  middle 
of  the  horse's  body,  in  an  oblirinc  direction,  through  the  hollow  shnA.  This  axis  carries 
an  endless  screw  9,y!g.  93,  with  ver>-  oblique  threods,  which  works  into  the  little  wheel 
S,  corresponding  to  the  wheel  I,  through  an  opening  in  the  side  of  the  horse,  and  in  this 
way  sets  t^  mechanism  of  the  horse  a-going.  With  this  constiuction  of^g.  95,  a  spring 
of  conmderable  streni^th  is  neo«|sary,  or  if  the  height  of  the  carriage- seat  does  not  afford 
sofficieat  room,  its  breadth  will  answer  for  placing  two  weaker  springs  along-side  of  each 
other  npon  a  common  barrel. 

AXE.  A  tool  much  used  by  carpenters  for  eleavin?,  and  roughly  fashioning,  blocks 
<f  wood.  It  is  a  dat  iron  wedge,  with  an  oblong  steel  edge,  parallel  to  which,  in  the 
Aort  tese,  is  a  hole  for  receiving  and  holding  fast  the  end  of  a  strone  wooden  handle.  In 
the  cooper's  adze^  the  oblong  ed»e  is  at  right  angles  to  the  handle,  and  is  slightly  curved 
op,  or  inflected  towards  it. 

AXLES,  of  carriages;  for  their  latest  improvements,  see  Wjiekl  Carriages. 

AXUXGE.    Hog*s  brd ;  see  Fat  and  Oils. 

AZOTIZED,  said  of  certain  vegetable  substances,  which,  as  containing  azote,  were 
cnppoced  at  one  time  to  partake,  in  some  measure,  of  the  animal  nature ;  most  animal 
bodies  being  characterized  by  the  presence  of  much  azote  in  their  composition.  The 
wegetable  products,  indigo,  cafoinc,  gluten,  and  many  others,  contain  abundance  of 
«ote« 

AZURE,  the  fine  blue  pigment,  commonly  called  smalt,  is  a  glass  colored  with  ozyde 
^af  cobalt,  and  ground  to  an  impalpable  powder. 

The  manufacture  of  azure,  or  smalt,  has  been  lately  improved  in  Sweden,  by  the 
•adoption  of  the  following  process : — 

The  cobalt  ore  is  first  roasted  till  the  greater  part  of  the  arsenic  is  driven  off.  The 
s-cftidoar)-  impure  black  oxyde  is  mixed  with  as  much  sulphuric  acid  (concentrated)  at 
"Win  make  it  into  a  paste,  which  is  exposed  at  first  to  a  moderate  heat,  then  to  a  cherry- 
x^ed  ignition  for  an  hour.  The  suli)hate  thus  obtained  is  reduced  to  powder,  and  dis 
w>lved  in  water.  To  the  solution,  carbonate  of  potash  is  gradually  added,  in  order  to 
separate  the  remaining  portion  of  oxyde  of  iron ;  the  quantity  i»f  which  depends  upon  the 
Saievious  degree  of  calcination.  If  it  be  not  enough  oxydizetl,  the  iron  is  ditiicult  to  be 
S^rid  of. 

When,  from  the  color  of  the  precipitate,  wc  find  that  the  potash  separates  merely  ear- 
Vooate  of  cobalt,  it  is  allowed  to  settle,  the  supernatant  liquor  is  decanted,  and  precipitated, 
by  means  of  a  solution  of  silicate  of  potash,  prepared  as  fbllows  : — 

Ten  parts  of  potash  arc  carefully  mixeti  with  fifteen  ports  of  finely  ground  flints  or 
wand,  and  one  part  of  pounded  charcoal.   This  mixture  is  melted  in  a  crucible  of  brick 
«lay,  an  operatkm  which  re<|uircs  steady  ignition  during  5  or  6  hours.    The  mass, 
mehed  and  pulverized,  may  be  easily  dissolved  in  boiling  water,  adding  to  it,  by 
^  at  a  time,  the  glass  previously  ground.   The  filtered  solution  is  colorless,  and 
k*«p»  well  in  the  air,  if  it  contains  one  part  of  glass  for  5  or  6  of  water.   The  silicate 
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of  eoMt,  which  precipitates  upon  mixing  the  two  solationB,  is  the  prepnrmtioB  of  edbtk 
most  suitable  for  painting  upon  porcelain,  and  for  the  manufacture  of  blue  glass.  See 
Cobalt. 


B. 

BABLAH;  The  rind  or  shell  which  surrounds  the  fruit  of  the  mitnoia  cmermm  ;  it 
comes  from  the  East  Indies,  as  also  fran  Senegal,  under  the  name  of  Neb-neb.  It  eoa- 
tains  gallic  acid,  tannin,  a  red  coloring  matter,  and  an  azotized  substance ;  but  the  pro- 
portion of  tannin  is  smaller  than  in  sumach,  galls,  and  knoppem  (gall-nuts  of  the  oooimOB 
oak)  in  reference  to  that  of  gallic  acid,  which  is  considerable  in  i}ie  bablah.  It  has  bees 
used,  in  dyeing  cotton,  for  producing  various  shades  of  drab ;  as  a  substitute  for  the  more 
expensive  astringent  dye-stuffs. 

BAGASSE.  The  sugar-cane,  in  its  dry,  crushed  state,  as  deliTcred  from  the  sugar- 
mill.    It  is  much  employed  for  fuel  in  the  colonial  sugar-houses. 

BAKING.  (Cvtre,  Fr.  Backen,  Germ.)  The  exposure  of  any  body  to  such  •  heat 
as  will  dry  and  consolidate  its  parts  without  wasting  them.  Thus,  wood,  pottery,  mml 
porcelain,  are  baked,  as  well  as  bread. 

BALANCE.  To  conduct  arts,  manufactures,  and  mines,  with  judgment  and  success 
recourse  must  be  had,  at  almost  every  step,  to  a  balance.  Experience  proves  that  mU 
material  bodies,  existing  upon  the  surface  of  the  earth,  are  constantly  solicited  by  a  Ibree 
which  tends  to  bring  them  to  its  centre,  and  that  they  actually  fall  towards  it  when  they 
are  free  to  move.  This  force  is  called  gravity.  Though  the  bodies  be  not  free,  the  ef- 
fort of  gravity  is  still  sensible,  and  the  resultant  of  all  the  actions  which  it  exercises  upoa 
their  material  points,  constitutes  what  is  popularly  called  their  tceight.  These  weights 
are,  therefore,  forces  which  may  be  compared  together,  and  by  means  of  machines  mmy 
be  made  to  correspond  or  be  counterpoised. 

To  discover  whether  two  weights  be  equal,  we  must  oppose  them  to  each  other  im  m. 
machine  where  ihcy  act  in  a  similar  manner,  and  then  see  if  they  maintain  an  equi- 
librium ;  for  example,  we  fulfil  this  condition  if  we  suspend  them  at  the  two  extremities 
of  a  lever,  supported  at  its  centre,  and  whose  arms  are  equal.  Such  is  the  general  ides 
of  a  balance.  The  beam  of  a  gocwl  balance  ought  to  be  a  bar  of  well-tempered  steel,  of 
such  form  as  to  secure  perfect  inflexibility  under  any  load  which  may  be  filly  applied 
to  its  extremities.  Its  arms  should  be  quite  equal  in  weight  and  length  upon  each  side 
of  its  point  of  suspension ;  and  this  point  should  be  placed  in  a  vertical  line  over  the 
centre  of  gravity ;  and  the  less  distant  it  is  from  it,  the  more  delicate  will  be  the  balance. 
Were  it  placed  exactly  in  that  centre,  the  beam  would  not  spontaneously  recover  the 
horizontal  position  when  it  was  once  removed  from  it.  To  render  its  HndicatioBS  siore 
readily  commensurable,  a  slender  rod  or  needle  is  fixed  to  it,  at  right  angles,  in  the  Hne 
passing  through  its  centres  of  gravity  and  suspension.  The  point,  or  rather  edge  of 
suspension,  is  made  of  perfectly  hard  steel,  and  turns  upon  a  bed  of  the  same.  For 
common  uses  the  arms  of  a  balance  can  be  made  sufficiently  equal  to  give  satisfactsry 
resiUts;  but,  for  tMs  more*  refined  purposes  of  science,  that  equality  should  never  he 
presumed  nor  trusted  to ;  and,  fortunately,  exact  weighing  is  quite  independent  of  that 
equality.  To  weigh  a  body  is  to  determine  how  many  times  the  weight  of  that  body 
contains  another  species  of  known  weight,  as  of  grains  or  pounds,  for  example.  Is 
order  to  find  it  out,  let  us  place  the  substance,  suppose  a  piece  of  gcJd,  in  the  left  hssd 
scale  of  the  balance ;  counterpoise  it  with  »and  or  shot  in  the  other,  till  the  index 
needle  be  truly  vertical,  or  stand  in  the  middle  of  the  scale,  proving  the  beam  to  be 
horizontal.  Now  remove  gently  the  piece  of  gold,  and  substitute  in  its  place  standafd 
multiple  weights  of  any  graduation,  English  or  French,  till  the  needle  again  resumes  the 
vertical  position,  or  till  its  oscillations  upon  either  side  of  the  zero  point  are  cqssL 
These  weights  will  represent  precisely  the  weight  of  the  gold,  since  they  are  placed  is 
the  same  circumstances  precisely  with  it,  and  make  the  same  equilibrium  with  the  wofjbX 
laid  in  the  other  scale. 

This  method  of  v.'cighing  is  obviously  independent  of  the  unequal  length  as  wtSl  St 
the  unequal  weight  of  the  arms  of  the  beam.  For  its  perfection  two  requisites  onl^  sre 
indispensable.  The  first  is  that  the  points  of  suspension  should  be  rigorously  the  sssie 
m  the  two  operations ;  for  the  power  of  a  given  weight  to  turn  the  beam  being  uncqos^ 
according  as  we  place  it  at  different  distances  from  the  centre  of  suspension,  did  thai 
point  vary  in  the  two  consecutive  weighings,  we  would  require  to  employ,  in  the  second, 
a  different  weight  from  that  of  the  piece  of  gold,  in  order  to  form  an  equilibrlnm  with 
the  sand  or  shot  originally  put  in  the  opposite  scale ;  and  as  there  is  nothing  to  indicste 
such  inequality  in  the  states  of  the  beam,  great  errors  would  result  from  it.  The  best 
mode  of  securing  against  such  inequality  is  to  Suspend  the  cords  of  the  scales  Ihss 
•         shsip-edged  rings,  upon  knife  edges,  at  the  ends  of  the  beam,  both  made  of  sted  ss 
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hsrd  tcDpered  m  to  be  incspabte  of  indentation.  The  second  condition  h,  thnt  the 
balance  shoald  be  veiy  sensible,  that  is,  when  in  eqnilibriam  and  loaded,  it  may  be 
dntnrbed,  and  its  needle  may  oscillate,  by  the  smallest  weight  put  into  cither  of  the 
scales.  This  »ensibility  .depends  solely  npon  the  centre  or  nail  of  suspension  ;  and  H 
will  be  the  more  perfect  the  less  Ihction  there  is  between  that  iinit/e-ed|«  surfkee- and  the 
plane  which  supports  it.  Both  should  therefore  be  as  hard  and  highly  polished  as 
povible ;  and  should  not  be  suffered  to  press  against  each  other,  except  at  the  time  of 
weighing.  Every  delicate  balance  of  moderate  size,  moreover,  should  be  suspended 
within  a  glass  case,  to  protect  it  (Vom  the  agi^atidns  of  Xh€  air,  and  the  'corroding 
influence  of  the  weather.  In  some  balances  a  ball  is  placed  upon  the  index  or  needle 
(whether  that  index  stand  above  or  below  the  beam),  which  may  be  made  to  approach 
or  recede  from  the  beam  by  a  fine-threaded  screw,  with  the  effect  of  varying  the 
centre  cf  gravity  relatively  to  the  point  of  suspension,  and  thereby  increasing,  at 
wOl,  either  the  sensibility,  or  the  stability  of  the  balance.  The  greater  the  length 
of  the  arms,  the  less  distant  the  centre  of  gravity  is  beneath  the  centre  of  suspension, 
the  better  polished  its  central  knife-edge  of  30°,  the  lighter  the  whole  balance,  and 
the  less  it  is  loaded ;  the  greater  will  be  its  sensibility.  In  all  cases  the  arms  nnist 
be  quite  inflexible.  A  btdanee  made  by  Ramsden  for  the  Royal  Society,  is  capable 
of  weighing  ten  pounds,  and  turns  with  one  hundredth  of  a  grain,  which  is  the  seven- 
miUionth  part  of  the  weight.  In  pointing  out  this  balance  to  me  one  evening.  Dr.  Wol» 
lacton  told  me  it  was  so  delicate,  that  Mr.  Pond,  then  astronomer  royal,  when  making 
tome  observations  with  it,  found  its  indications  affected  by  his  relative  position  before 
ity  although  it  waa  enckwed  in  a  glass  case.  When  he  stood  opposite  the  right  ann, 
that  end  of  the  beam  preponderaied,  in  consequence  of  its  becoming  expanded  by  the 
radiation  of  heat  from  his  body ;  and  when  he  stood  opposite  the  leA  arm,  he  made  this 
prepondeimte  in  its  turn.  It  is  probable  that  Mr.  Pond  had  previously  adjusted  the 
centres  of  gimTity  and  suspension  so  near  to  each  other  as  to  give  the  balance  its 
maximum  sensibility,  consistent  with  stability.  Were  these  centres  made  to  coincide, 
the  beam,  when  the  weights  are  equal,  would  rest  in  any  position,  and  the  addition  of 
tke  smallest  weight  would  overset  the  balance,  and  place  the  beam  in  a  vertical  position, 
from  which  it  would  have  no  tendency  to  return.  The  sensibility  in  this  case  would 
be  the  greatest  possible ;  but  the  other  two  requisites  of  level  and  stability  would  be 
entirely  lost.  The  case  would  be  even  worse  if  the  centre  of  gravity  were  higher  than 
the  centre  of  suspension,  as  the  balance  when  deranged,  if  free,  would  make  a  revolution 
of  no  less  than  a  semi-circle.  A  balance  may  be  made  by  a  fraudulent  dealer  to  weigh 
falsely,  though  its  arms  be  equal,  provided  the  suspension  be  as  low  as  the  centre  of 
gnvity,  for  he  has  only  to  toss  his  tea,  for  instance,  forcibly  into  one  scale  to  cause 
15  ounces  of  it,  or  thereby,  to  counterpoise  a  pound  weight  in  the  other.  Inspectors 
of  weichts,  &c.  ace  not  aujait  to  this  fruitful  source  of  fraud  among  hucksters. 

BALSAMS  (Ba%m€8f  Ft,  Balsatrttf  Germ.)  are  native  compounds  of  ethereal  or 
ensential  oils,  with  resin,  and  frequently  benzoic  acid.  Most  of  them  have  the  con- 
cislence  of  honey ;  but  a  few  are  solid,  or  become  so  by  keeping.  They  flow  either 
spoBtaoeousIy,  or  by  incisions  made  from  trees  and  shrubs  in  tropical  climates.  They 
posicsa  peculiar  powerfhl  smells,  aromatic  hot  tastes,  but  |[>se  th<ur  odoriferous  pro- 
tserUes  by  long  exposure  to  the  air.  They  are  insoluble  in  water ;  soluble,  to  a  con- 
»ida«Me  degree,  in  ether;  and  completely  in  alcohol.  When  distilled  with  water, 
cthoeal  oil  comes  over,  and  resin  remains  in  the  retort. 
1.  Balsams  with  benzoic  acid  : — 

Baltam  of  Peru  is  extracted  from  the  myroxylon  peruiftrum^  a  tree  which  grows  in 
Pern,  Mexico,  Itc. ;  sometunes  by  incision,  and  sometimes  by  evaporating  the  decoction 
^3sf  the  bark  and  branches  of  the  tree.  ^  The  former  kind  is  very  rare,  and  is  imported 
the  hu»k  of  the  cocoa-nut,  whence  it  is  called  balsam  en  copit.  It  is  brown,  trans- 
'parent  only  in  thin  layers,  of  the  consistence  of  thick  turpcntme ;  an  agreeable  smeU, 
acrid  and  bitter  taste ;  formed  of  two  matters,  the  one  liquid,  the  other  granular, 
W4m]  somewhat  crystalline.  In  100  parts,  it  contains  12  of  benzoic  add,  88  of  resin, 
^^vilh  traces  of  a  volatile  oU. 

The  second  sort,  the  black  balsam  of  Peru,  is  much  more  common  than  the  pre- 
ceding, translucent,  of  the  consistence  of  well-boiled  sirup,  very  deep  red-brown 
^olor,  an  almost  intolerably  acrid  and  bitter  taste,  and  a  stronger  smell  than  the  other 
tialnm.   Stohze  regards  it  as  formed  of  69  parts  of  a  peculiar  oil,  20*7  of  a  resin,  little 
MhUe  in  alcohol,  of  6*4  of  benzdc  acid,  of  0*6  of  extractive  matter,  and  0*9  of 

Fran  its  high  price,  balsam  of  Peru  is  often  adulterated  with  copaiba,  oil  of  tur* 
Wtiae,and  dire  oil.  One  thousand  parts  of  good  balsam  should,  by  its  bensoie 
wii,  saturate  75  ports  of  crystallized  carbonate  of  soda.   It  is  employed  as  a  perftuM 

^fQamtums,  tinctures,  lozenges,  sealing-wax,  and  for  chocolate  and  2if«euri,  instead 

<>f  ^niOa,  when  this  happens  to  be  very  dear. 
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Liquid  amber,  Storax  or  Styrax^  flows  from  the  leaTes  and  tnmk  of  the  UqM 
ityrac\/lua,  a  tree  which  grows  in  Virginia,  Louisiana,  and  Mexico.   It  is  browiM^ 
ash-gray,  of  the  consistence  of  ttu-pentine,  dries  up  readily,  smells  agreeaUy,  like 
zoin,  has  a  bitterish,  sharp,  burning  taste ;  is  soluble  in  4  parts  of  alcohol,  and  contti^ 
only  1*4  per  cent,  of  benzoic  acid.  ^ 

Balsam  of  Tolu 'flows  from  the  trunk  of  the  myraxyion  tohtiflrum,  a  tree  which  gi^^^ 
South  America ;  it  is,  when  fresh,  of  the  consistence  of  turpentine,  is  browaish-ie^^ 
dries  into  a  yellowish  or  reddish  brittle  resinous  mass,  of  a  smell  like  benzoin ;  is  sohihJ^ 
in  alcohol  and  ether;  aflfOTds,  with  water,' benzoic  acid. 

Chinese  varnish  flows  from  the  bark  of  the  Jugia  sinentis ;  it  is  a  greenish  jtVia^^ 
turpentine-like  substance,  smells  aromatic,  tastes  strong  and  rather  astringent,  in  thi^^ 
layers  dries  soon  into  a  smooth  shining  lac,  and  consists  of  resin,  ethereous  oil,  and  ben 
zoic  acid.   It  is  soluble  in  idcohol  and  ether ;  and  has  been  employed,  immemoriallf^ 
in  China,  for  lackering  and  varnishing  surfaces,  either  alone  or  cdbred. 

Balsams  without  benzoic  acid  : — 

Copaira  balsam^  balfam  of  copahu  or  capivi,  is  ebtained  (nxn  incisions  made  in  th^ 
trunk  of  the  Copai/era  ojfkinalisy  a  tree  which  grows  in  Brazil  and  Cayenne.  It  is  pal^ 
yellow,  middling  liquid,  dear  transparent,  has  a  bitter,  sharp^  hot  ta^e ;  a  penetratingr 
disagreeable  smell;  a  specific  gravity  of  from  0*950  to  0*996.  It  diaaoKes  in  abaolute- 
alcdiol,  partially  in  spirit  of  wine,  forms  with  alkalis,  crystalline  compounds.  It  con* 
tists  of  45*59  ethereous  oil,  52*75  of  a  yellow  brittle  resin,  and  1-66  of  a  brown  viseil 
resin.  The  oil  contains  no  oxygen,  has  a  composition  like  oil  of  turpentine,  diasolves- 
caoutchouc  (according  to  Durand),  but  beonnes  oxydized  in  the  air,  into  a  peculiar 
species  of  resin.  This  balsam  is  used  for  making  paper  transparent,  for  eertain  lackers, 
aiMl  in  medicine. 

Mecca  baham,  or  opobalsam,  is  obtained  both  by  incisions  of,  and  by  boiling,  the 
branches  and  leaves  of  the  Balsamodendron  Gileadense,  a  shrub  which  grows  in  Arabia 
Felix,  Lesser  Asia,  and  Egy^.  When  fresh  it  is  turbid,  whitish,  becomes,  by  degrees^ 
transparent;  yellow,  thickish,  and  eventually  solid.  It  smells  peculiar,  but  agreeable; 
tastes  bitter  and  spicy ;  does  not  dissolve  completely  in  hot  spint  of  wine,  and  contaia»> 
10  per  cent,  of  ethereous  oil,  of  the  specific  gravity  0*876. 

Japan  lac  ramish  flows  from  incisions  in  the  trunk  of  the  IVius  Venix  {Melanorrhem 
ntitata)  which  is  cultivated  in  Japan,  and  grows  wild  in  North  America.   The  juice 
becomes  black  in  the  air ;  when  purified,  dissolves  in  very  little  oil  |  and,  mixed  witk 
colorini;  matter,  it  constitutes  the  celebrated  varnish  of  the  Japanese. 
For  Benzoin  and  Turpentine,  see  these  articles  in  their  alphabetical  places. 
BANDANNA.   A  style  of  calico  printing,  in  which  white  or  brightly  colortd 
spots  are  produced  upon  a  red  or  dark  ground.    It  seems  to  have  been  practised  fitnn 
time  immemorial  in  India,  by  binding  up  firmly  with  thread,  those  points  of  the  doth 
which  were  to  remain  white  or  yellow,  while  the  rest  of  the  surface  was  fieely  subjected 
to  the  dyeing  operations. 

The  European  imitations  have  now  far  surpassed,  in  the  beauty  and  predsaon  of 
the  desien«  the  oriental  patterns ;  having  called  into  action  the  refined  resources  of 
mechanical  and  chemical  science.  The  general  prindples  of  producing  bright  figures 
upon  dark  croundy,  are  explained  in  the  article  Cauco-pbiktikg;  bnt  the  pecnliarilics 
of  the  Bandanna  printing  may  be  conveniently  introduced  here.  In  Bnmde's  Joornal 
for  July,  1823, 1  described  the  Bandanna  eailery  of  Messrs.  Moatdth  at  Glasgow, 
which,  when  in  full  action  some  years  a«o,  mieht  be  reckoned  the  moat  magnificent  and 
profitablo  printini;  apartment  in  the  world.  The  white  spots  were  produced  by  a  so- 
lution of  chlorine,  made  to  percolate  down  through  the  Turkey  red  cotton  doth,  ia 
eertain  points  defined  and  circumscribed  by  the  pressure  of  hoUow  lead  types  in  plate% 
in  a  hrilraulic  press.  Fit.  96  is  an  devation  of  one  press;  A,  the  top  or  entablature; 
B  B,  the  cheeks  or  pillar» :  C,  the  upper  block  tor  fastening  the  upper  lead  perlbralcd 
pattern  to :  1),  the  lower  hh^k  to  which  the  felk^w  pattern  is  affixed,  and  wbwh  botcs 
up  and  down  with  the  pi>ton  of  the  press;  E,  the  piston  or  ram:  F,  the  sole  or 
base;  G,  the  wator-tnnuh,  t'or^hr  dlseharved  or  spotted  calico  to  fall  into;  H,  the 
small  cistern,  lor  the  aqutnius  chlorine  or  Uiiuor-meier,  with  glass  tubes  for  '  ' 


the  hdiiht  \n\\\ot  inxiJe  oC  the  cistern :  r  glass  stopcocks^  for  admitting  the  lienor 
rato  that  cistrm  Irxun  the  i^nml  rt^rvoir:  stopcocks  for  admitting  water  to  wnth 
out  the  chlmnr :  «  c,  the  |»attern  lead  plates,  with  screwy  for  setting  the  patterns  painlld 
to  each  other:  m  m,  pr\»jtx'iin<  angular  pieces  at  each  corner,  perforated  with  a  half-indl 
hole  to  receive  the  lour  isukle  pinn  riiunc  t>\>m  the  lower  plate,  which  serve  to  aecnie 
aeeuracy  adjustment  N^twren  the  tw\t  t«ers«>f  the  lead  pattern  plates;  k  4, two  rollen 
which  seise  and  pull  thnnueh  the  di^hancv\l  pieces^  and  deliver  them  into  the  wntcr- 
h.  To  the  leA  of  1)  there  is  a  stope\^  tor  fiUiag  the  tiooch  with  water;  1,  k  tho 
I  tube  Ibr  ehkirine  Lqnor  and  water  of  washing.  The  contrivaace  far  blowing  a 
t  of  air  aciosi  the  elolb,  thiongh  the  patten  tibes»  it  not  lepRMtcd  fm  tkc  1 


BANDANNA.  91 

8toecn  enmes  similar  to  the  above,  each  possessing  the  power  of  preMing  with 
lereral  hundred  tons,  are  arranged  in  one  line,  in  subdivisions  of  four ;  the  spaces 
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between  each  subdivision  serving  as  passages  to  allow  the  workmen  to  go  readily 
dom  the  front  to  the  back  of  the  presses.  Each  occupies  twenty-five  feet,  so  that  the 
total  length  of  the  apartment  is  100  feet. 

To  each  press  is  attached  a  pair  of  patterns  in  lead,  (or  plates,  as  they  are  called,)  the 
sMduwr  of  forming  which  will  be  described  in  the  sequel.  One  of  these  plafes  is  fiied 
to  the  upper  block  of  the  press.  This  block  is  so  contrived,  that  it  rests  upon  a  kind  of 
vniveml  joint,  which  enables  this  plate  to  apply  more  exactly  to  the  under  fellow- 
plate.  The  latter  sits  on  the  moveable  part  the  press,  commonly  called  the  sill. 
When  this  is  forced  up,  the  two  patterns  ckMc  on  each  other  very  nicely,  by  means  of 
the  gnide-pins  at  the  corners,  which  are  fitted  with  the  utmost  care.  ^ 

The  power  which  impels  this  great  hydrostatic  range  is  placed  in  a  separate  apart- 
DKat,  oiled  the  machinery  room.  This  machinery  consists  of  two  press  cylinders 
of  t  peeuUar  construction,  having  solid  rams  accurately  fitted  to  them.  To  each  of 
tttew  cylinders,  three  little  force»pumps,  worked  by  a  steam-engine,  are  connected. 

The  piston  of  the  large  cylhidcr  is  eight  indies  m  diameter,  and  is  loaded  with  a 
1lip.>weight  of  five  tons.  This  piston  can  be  mdOe  m  rise  about  two  feet  through  a 
hither  stoflSng  or  collar.  The  gther  cylinder  has  a  piston  of  only  one  inch  in  diameter, 
vhich  is  also  loaded  with  a  top-weight  of  five  tons.  It  is  capable,  like  the  other,  of 
being  raised  two  feet  through  its  collar. 
Supposing  the  pistons  to  be  at  their  lowest  point,  four  of  the  six  small  force-pumps 
put  in  action  by  the  steam-engine,  two  of  them  to  raise  the  large  piston,  and  two 
^  little  one.  In  a  short  time,  so  much  vrater  is  injected  into  the  cylinders,  that 
the  kaded  pistons  have  arrived  at  their  highest  points.  They  are  now  ready  for 
^^Diking  the  hydrostatic  discharge-presses,  the  water  pressure  being  conveyed  from 
^  one  apartment  to  the  other,  under  ground,  through  strong  copper  tubes,  of  small 

TivoTiAvet  are  attached  to  eaeh  press,  one  opening  a  eommnnication  between  thelargn 
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driTing-cylinder  and  the  cylinder  of  the  press,  the  other  between  the  smnll  driving-cylin  m 

der  and  the  prem.   The  function  of  the  first  is  siniply  to  lift  the  nnder-Uock  of  the  ] 
into  contact  with  the  upper-block ;  that  of  the  second,  is  to  give  the  requisite  oompre 
to  the  cloth.   A  third  valve  k  attached  to  the  press,  for  the  porpose  of  discharging  1 
water  from  its  cylinder,  when  the  press  is  to  be  relaxed,  in  oider  to  remove  or  draw 
through  the  cloth. 

From  twelve  to  fourteen  pieces  of  doth,  previously  dyed  Turkey-red,  are 
over  each  other,  as  parallel  as  possible,  by  a  particular  machine.   These  parallel  layers  are 
then  rolled  round  a  wooden  cylinder,  called  by  the  workmen,  a  drum.   This  cylinder  iai 
now  placed  in  its  proper  situation  at  the  back  of  the  press.   A  portion  of  the  fourteen  lay- 
ersof  doth,  equal  to  the  areaof  the  plates,  is  next  drawn  through  between  them,  by  I 
attached  to  the  two  comers  of  the  webs.  On  opening  the  valve  connected  with  the  i 
inch  driving-cylinder,  the  water  enters  the  cylinder  of  the  pre8S,jand  instantly  lifts  its  1 
block,  so  as  to  apply  the  under  plate  with  its  cloth,  dose  to  the  upper  one.  This  valve  is 
then  shut,  and  the  othef  is  opened.   The  pressure  of  five  tons  in  the  one  inch  prime-cylin — 
der,  is  now  brought  to  bear  on  the  piston  of  the  press,  which  is  eight  inches  in  diameter. 
The  effective  force  here  will,  therefore,  be  5  tons  X  8^=320  tons ;  the  areas  of  cylinders 
being  to  each  other,  as  the  squares  of  Uieir  respective  diameters.  The  doth  is  thus  ooii- 
dended  between  the  leaden  pattern-plates  with  a  pressure  of  320  tons,  in  a  couple  of 
seconds ;  — a  splendid  example  of  automatic  art. 

The  next  step,  is  to  admit  the  blanchin|^  or  discharging  liquor  (aqueous  chlorine,  ob- 
tained by  adding  sulphuric  acid  to  solution  of  chloride  of  Ume)  to  the  cloth.  This  liquor 
is  contained  in  a  large  cistern,  in  an  adjoining  house,  fVom  which  it  is  mn  at  pleasure  into 
small  lead  cisterns  H  attached  to  the  presses ;  which  cisterns  have  graduated  index  tubes, 
far  regulating  the  quantity  of  liquor  according  to  the  pattern  of  discharge.  The  stopcocks 
on  the  pipes  and  cisterns  containing  this  liquor,  are  all  made  of  glass. 

From  the  measurc-cistem  H,  the  liquor  is  allowed  to  flow  into  the  hollows  in  the  upper 
lead-plate,  whence  it  descends  on  the  cloth,  and  percolates  through  it,  extracting  in  its  pas- 
sage the  Turkey-red  dye.  The  liquor  is  finally  conveyed  into  the  waste  pipe,  from  a  groove 
in  the  under  block.  As  soon  as  the  chlorine  liquor  has  passed  through,  water  is  admit- 
ted in  a  similar  manner,  to  wash  away  the  chlorine ;  otherwise,  upon  relaxing  the  pra- 
sure,  the  outline  of  the  figure  discharged  would  become  ragged.  The  passage  of  the  dis- 
charge liquor,  as  well  as  of  the  water  through  the  doth,  is  occasionally  aided  by  a  pneu- 
matic apparatus,  or  blowing  machine ;  consisting  of  a  large  gasometer,  fVom  which  air 
subjected  to  a  moderate  pressure  may  be  allowed  to  issue,  nvA  act  in  the  direction  of  the 
liquid  upon  the  folds  of  the  cloth.  By  an  occasional  twist  of  the  air  stopcock,  the  work- 
man also  can  ensure  the  equal  distribution  of  the  discharging  liquor,  over  the  whole  ex- 
cavations in  the  upper  plate.  When  the  demand  for  goods  b  very  brisk,  the  air  appara- 
tus is  much  employed,  as  it  enables  the  workman  to  double  his  product. 

The  time  requisite  for  completing  the  discharging  process  in  the  first  press  is  suffi- 
cient to  enable  the  other  three  workmen  to  put  the  remaining  fifleen  presses  in  jday.  Tlie 
diicharger  proceeds  now  from  press  to  press,  admits  the  liquor,  the  air,  and  the  MIer; 
and  is  followed  at  a  proper  interval  by  the  assistants,  who  relax  the  press,  move  ibrwmrdt 
another  square  of  the  cloth,  and  then  restore  the  pressure.  Whenever  the  sixteenth  i 
has  been  Uqnored,  ft^.,  it  is  time  to  open  the  first  press.   In  this  routine,  about  tea  i 
mtm  are  employed ;  that  is,  224  handkerchiefs  (164-14)  are  discharged  every  ten  mini 
The  whole  cloth  is  drawn  successivdy  forward,  to  be  successivdy  treated  in  the  aboie 
method. 

When  the  doth  escapes  from  the  press,  it  is  passed  between  the  two  rdlers  in  front  ;f 
which  it  falls  into  a  trough  of  water  placed  below.   It  is  finally  carried  off  to -the  w 
ing  and  bleaching  department,  where  the  lustre  of  both  the  white  and  the  red  is 
riderably  brightened. 

By  the  above  arrangement  of  presses,  1600  pieces,  consisting  of  12  yards  eadi=19,M> 
yards,  are  converted  into  Bandannas  in  the  space  of  ten  hours,  by  the  labor  of  ft«r 
woriunen. 

The  patterns,  or  plates,  which  are  put  into  the  presses  to  determine  the  white  figuM 
oo  the  ctoth,  are  made  of  lead  in  the  following  way.  A  trellis  frame  of  oast-iroBy  on* 
inch  thick,  with  tumed-up  edges,  forming  a  trough  rather  larger  than  the  intended  lend 
pattern,  is  used  as  the  solid  ground-work.  Into  this  trough,  a  lead  plate  about  one  half 
iaeh  thick,  is  firmly  fixed  by  screw  nails  passing  up  from  below.  To  the  edges  of  this  lead 
plate,  the  borders  of  the  piece  of  sheet-lead  are  soldered,  which  covers  the  whole  fmUr 
surface  of  the  iron  frame.  Thus  a  strong  trough  is  formed,  one  inch  deep.  The  uprig^ 
bolder  gives  at  once  great  strength  to  the  plate,  and  serves  to  confine  the  liquor.  A  thM 
dieet  of  lead  is  now  laid  on  the  thick  lead-plate,  in  the  manner  of  a  veneer  on  loAeU 
tsUes,  and  is  soldered  to  it  round  the  edges.  Both  sheets  must  be  made  very  saoolk 
befbr«diand,  by  hammering  them  on  a  smooth  stone  table,  and  then  finishing  with  a  plaae  t 
jte  inrfhee  of  the  thin  sheet  (now  attMhed)  is  to  be  covered  with  drawing  P^perj  ] 
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Qtt,  aad  opon  Uui  the  pattern  is  drawn.  It  is  now  ready  for  the  cutter.  The  first  thing 
which  he  does,  is  to  fix  down  with  brass  pins  all  the  parts  of  the  pattern  which  are  to 
be  left  solid.  He  now  proceeds  with  the  little  tooU  generally  ased  by  block-cuttent, 
which  are  fitted  to  the  different  cunratores  of  the  pattern,  fnd  he  cuts  perpendicularly 
quite  thronfh  the  thin  sheet.  The  pieces  thus  detached  are  easily  liAed  out ;  and  thus 
the  channels  are  formed  which  design  the  white  figures  on  the  red  cloth.  At  the  bot- 
umd  oT  the  channels,  a  sufficient  number  of  small  perforations  are  made  through  the 
thidter  sheet  of  lead,  so  that  the  discharging  liquor  may  have  free  ingress  and  egress. 
I\qs  one  plate  is  finished ;  from  which,  an  impression  is  to  be  taken  by  means  of  printers* 
ink,  oa  the  paper  pasted  upon  another  plate.  The  impression  is  taken  in  the  hydrostatic 
prctf.  Each  pair  of  plates  constitutes  a  set,  which  may  be  put  into  the  presses,  and  re- 
■ored  at  pleasure. 

BARBERRY.  The  root  of  this  plant  contains  a  yellow  coloring  matter,  which  is 
»ilBble  in  water  and  alcohol,  and  is  rendered  brown  by  alkalis.  The  solution  is  employ- 
ed ia  the  mannfacture  of  Morocco  leather. 

BARILLA.  A  erode  soda,  procured  by  the  incineration  of  the  taUola  ioda,  a  plant  enl- 
tirsted  for  this  purpose  in  Spain,  Sicily..  Sardinia,  &c.  Good  barilla  nsudly  contains,  ae- 
cndiag  to  my  analysis,  20  per  cent,  of  real  alkali,  associated  with  muriates  and  sulphates, 
dtarly  of  soda,  some  lime,  and  alumina,  with  very  little  sulphur.  Caustic  leys  made  from 
i^ire  Qsed  in  the  finishing  process  of  the  hard  soap  manufacture.  125,068  cwts.  were 
inported  in  1835,  of  which  only  5*8a7  were  exported.  The  duty  is  2«.  per  cwt.  Of  the 
ikve  quantity,  64,174  came  from  Spain  and  the  Balearic  islands,  39,943  from  the  Cana- 
m,  and  20,432  from  Italy  and  the  lulian  islands. 

BARIUM,  the  metallic  basis  of  Baryta. 

BARK  OF  OAK,  for  tanning.  Unfortunately,  the  Tables  of  Rerenue  published  by 
Ik  Board  of  Trade,  mix  up  this  bark  and  the  dyeing  barks  together,  and  give  the  sum  of 
Ike  whole  for  1835,  at  826,566  cwu.,  of  which  only  2,264  were  re-exported.  The  duty 
tt  li.  per  cwt.  from  British  possessions,  and  Sd.  from  other  parts. 

BARLEY  (Orgf,  Fr. ;  Oirttty  Germ.)  English  barley  is  that  with  two-rowed  ears,  or 
tbe  koHtmrn  vulgart  dittichon  of  the  botanists ;  the  Scotch  beer  or  bigg,  is  the  hordtum 
nlgnf  htxasiickom.  The  latter  has  two  rows  of  ears,  but  3  ooriis  come  from  the  same 
poiit,  to  that  it  seems  to  be  six-eared.  The  grains  of  bigg  are  smaller  than  those  of  bar- 
iq,  tad  the  husks  thinner.  The  specific  gravitj  of  English  barley  varies  from  1-26  to 
1-33;  of  bigg  from  1*227  to  1-265 ;  the  weight  of  the  husk  of  barley  is  X.  that  of  bigg  ^ 
1000  parts  of  barley  flour  conUin,  according  to  Einhof,  720  of  starch,  56  sugar,  50  mud- 
#  Utt,  36-6  gluten,  12*3  TcgetaUe  albumen,  100  water,  2*5  phosphate  of  lime,  68  fibrous 
tf  lifseons  matter.   8p.  gravity  of  barley  is  1*235  by  my  trials. 

BARM.   The  yeasty  top  of  fermenting  beer.   Sise  Bssn,  Distillatiok,  Femuim- 

TATIOir. 

BARYTA  or  BARYTES,  one  of  the  simple  earths.  It  may  be  obtained  most 
<iMly  by  dissolving  the  native  carbonate  of  barytes  (Witherite)  in  nitric  acid,  evapon- 
li^  the  neatral  nitrate  till  crystals  be  formed,  draining  and  then  cakiiiing  these  in  a 
wiuwl  pialiaa  eraeible,  at  a  bright  red  heat.  A  less  pure  baryta  may  be  obtamed  br 
ipiliif  strmigiy  a  mixtiire  of  the  earbonate  and  chareoaJ^  both  in  fine  powder  and 
MtoMd.  It  it  a  grayish  white  earthy  looking  substance,  fusible  only  at  the  jet  of 
iWsiy-hydiogeB  blowpipe,  has  a  sharp  eanstic  taste,  corrodes  the  tongue  and  aU  animal 
■aRcr,  is  poisonous  even  in  small  quantities,  has  a  very  powerful  alkaline  reactm ; 
•  ipsEiie  gimvity  of  4K) ;  becomes  hot,  and  slsJces  violently  when  spriidded  with  water, 
nio  a  fine  white  powder,  called  the  hydrate  of  baryta,  whieh  oontaina  10|  per 
QBL  if  wntcr»  and  dissolves  in  10  parts  of  boiUng  water.  This  solution  lets  ftll  abon- 
tesihanar  crystals  of  hydrate  of  baryta  as  it  cools;  bat  it  still  retains  one  twentieth 
in  wiight  of  baryta,  and  is  called  baryta  water.  The  above  crystals  contain  61  per  eent. 
if  viter,  of  which,  by  drying,  they  lose  50  parts.  This  hydrate  may  be  fused  at  a  rsd 
without  losing  any  mors  water.  Of  all  the  bases,  baryta  has  the  strongest  afiinity 
nlphnrie  acid,  and  is  hence  employed  either  in  the  state  of  the  above  water,  or  in 
teflf  one  of  its  neutral  salts,  as  the  nitrate  or  muriate,  to  deteet  the  presence,  and  de- 
^ummt  the  quantity  of  that  acid  preseat  in  any  sduUe  compound.  Its  prime  eqaivalent, 
Miisg  to  Bendius,  is  956,880,  oxygen  being  100 ;  or  76,676,  hydrogen  being  1,000. 
Ui»  sriphitf  of  bariFta,  or  heavy  spar,  ii  fraudulently  used  to  adulterate  white  lead  by 
tki  fiiglish  dealcfs  to  a  shameful  extent 

lAMORINE*  A  eonstitnent  part  of  a  species  ot  gum  which  comes  fhn  Bassora^ 
iiil»sf  gOBS  tmgacanth,  and  of  some  gum  resins.  It  is  semi-transpaient,  diflkuit  to 
Piimiie,  swells  eonsklerably  in  cold  or  boiling  water,  and  forms  a  thick  nuidlaga 
^Ikm  diMBlving.  Treated  with  ten  times  its  weight  of  nitric  acid,  it  afibrds  nearly 
ttyir  mt  of  ila  weight  of  mneie  acid,  being  much  more  than  is  obtainable  from  gam 
^ihi  or  ohciry-treo  gnm.  Bassorine  ii  varf  solnUo  in  water  slightly  aeklulated  wilk 
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ie  or  muriatic  acid.  This  principle  '»  procured  by  todcing  gum  Battorm  ia  a  { 
mtity  of  cold  water,  and  in  rcmoTtng,  by  a  filter,  all  the  aoluble  parts. 
BATHS.   {Baim,  Fr.  Baden,  Germ.)   Warm  haihs  have  lately  cone  into 
aeral  use,  and  they  are  justly  considered  as  indispensably  necessary  in  all  modsn 


luses  of  any  magnitude,  as  also  in  club-houses,  hotels,  and  hosjatals.   Bat  the 
'  constructing  these  baths,  and  of  obtaining  the  necessary  supplies  of  hot  and  coiA 
;r,  does  not  appear  to  have  undergone  an  improvement  equal  to  the  exteoaion  of  1 
mployment. 

The  several  points  in  re^rJ  to  warm  baths,  are, 

1.  The  materials  of  which  they  are  constructed. 

2.  The  r  situation. 

3.  The  supply  of  cold  water. 

4.  The  supply  uf  hot  water. 
9.  Minor  comforts  and  conveniences. 

L  As  to  the  materials  of  which  they  are  constructed.   Of  these  the  best 
slabs  of  polished  marble,  properly  bedded  with  good  water-tight  cement,  in  a 
wooden  ease,  and  neatly  and  carefully  united  at  tlicir  respective  edges.   These,  when 
originally  well  constructed,  form  a  durable,  pleasant,  and  agreeable-looking  bath ;  bar 
the  expense  is  oden  objectionable,  and,  in  upper  chambers,  the  weight  may  proire 
ineonvenient.   If  uf  white  or  veinetl  marble,  they  are  also  apt  to  get  yellow  or  dis> 
colored  by  frequent  use,  and  cannot  easily  be  cleansed ;  so  that  larce  Dutch  tiles,  as  ^ 
they  are  called,  or  square  pieces  of  white  earthenware,  are  sometimes  substituted;  ^ 
which,  however,  are  difficultly  kept  water-tight;  so  that,  upon  the  whole,  marble  ii 
preferable.  f  j\ 

Where  there  are  rea.«ons  for  excluding  marble,  copper  or  tinned  iron  plate  is  the  nsoal 
materia]  resorted  to.   The  former  is  most  expensive  in  the  outfit,  but  far  more  durable  -^11 
than  the  latter,  which  is,  moreover,  liable  to  leakage  at  the  joints,  unless  most  carefnlly 
made.   Either  the  one  or  the  other  should  be  well  covered,  outside  and  inside,  m-ith  seve- 
ral eoats  of  paint,  which  may  then  be  marbled  or  otherwise  ornamented.  f^g 

Wooden  tubs,  square  or  oblong,  and  oval,  are  sometimes  used  for  warm  baths ;  and 
are  cheap  and  convenient,  but  neither  elegant  nor  cleanly.   The  wood  always  contracts 
a  mouldy  smell;  and  the  difficulty  and  nuisance  of  keeping  them  water4ight,  and  ^ 
preventing  shrinkage,  are  such  as  to  exclude  them  from  all  except  extemporaneous  ap- 
plicatton.  _ 

2.  As  to  the  situation  of  the  bath,  or  the  part  of  the  house  in  which  it  is  to  be  _j 
plaeed. — ^In  hotels,  and  club-houses,  this  is  a  question  easily  determined :  several  baths  ^ 
are  usually  here  required,  and  each  should  have  annexed  to  it  a  properly  warmed  « 
dressing-room.  Whether  they  are  up  stairs  or  down  stairs,  is  a  question  of  oonvenienee,  *  ~ 
but  the  basement  ittory,  in  which  they  arc  sometimes  placed,  should  always  be  avoided ; 

there  is  a  coldness  and  dampness  belonging  to  it,  in  almost  all  weathers,  which  is  neither 
agreeable  nor  salubrious. 

In  hospitals,  there  should  be  at  least  two  or  three  baths  on  each  side  of  the  house  (the  ^ 
men's  and  women's),  and  the  supply  of  hot  water  should  be  ready  at  a  moment's  notice. 
The  rooms  in  which  the  baths  are  placed  shouU  be  light,  and  comparatively  laiige  nd  ^ 
airy ;  and  such  conveniences  for  getting  into  and  out  of  the  bath  should  be  adopted,  as  ^ 
the  sick  are  well  known  to  require.   The  dimensions  of  these  baths  shouU  also  be  luger 
than  nsnal.  ^ 

In  private  houses,  the  fittest  places  for  warm  baths  are  dressing-rooms  annexed  to 
the  principal  bed-rooms ;  or,  where  such  convenience  cannot  be  obtained,  a  separate  7 
bath-room,  eonnected  with  the  dressing-room,  and  always  upon  the  bed-room  floor.  All 
newly-bnilt  houses  shoukl  be  property  arranged  for  this  purpose,  and  due  atteatkMi 
shoold  be  paid  to  the  warming  of  the  bath-room,  which  ought  also  to  be  properly  ven- 
tilated. A  temperature  of  70^  may  easily  be  kept  up  in  it,  and  sufficient  ventilatkm 
is  absolutelj  requisite,  to  prevail  the  deposition  of  moisture  upon  the  walls  ud 
(hmitnre. 

The  objection  which  formerly  prevailed,  in  respect  to  the  difficulty  of  obtaining 
adeqnate  supplies  of  water,  in  the  upper  rooms,  has  been  entirely  obviated,  by  having 
eistems  at  or  near  the  top  of  the  house ;  and  we  would  just  hint  that  these  should  be 
so  contrived,  as  to  be  placed  out  of  the  reach  of  frost ;  a  provision  of  the  utmost  im- 
portance in  every  point  of  view,  and  very  easily  effected  in  a  newly-bnilt  house,  thon^ 
it  unfortunately  happens,  that  architects  usually  regard  these  matters  as  trifles,  imd 
treat  them  with  neglect,  as  indeed  they  do  the  warming  and  ventilation  of  buiUings 
gcneraUy. 

3.  The  supply  of  water  of  proper  quality  and  quantity,  is  a  very  important  poisl, 
as  eonnected  with  the  present  subject.  The  water  should  be  soft,  dean,  and  pure ;  and 
M  fbee  as  possible  from  all  substances  mechanically  suspended  in  it.  In  many  cases, 
it  answers  to  dig  a  well  for  the  exclusive  supply  of  a  large  house  with  water.  In 
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puts  of  London  tliii  may  effectnaUy  be  aceomplislied,  at  a  eomparathrely  raoderate  ez- 
jpease ;  and.  If  the  well  be  deep  enoagh,  the  water  will  ht  abandant,  ■oA,  and  pellucid. 
The  labor  of  forcing  it  by  a  pump  to  the  top  of  the  house,  ia  the  only  drawback :  this, 
iMywerer,  is  very  easily  done  by  a  horse-engine,  or  there  are  people  enonth  about  town, 
Slmd  to  undertake  it  at  a  shilling  a  day.  I  am  led  to  these  remarks  by  obserring  the 
nithy  state  of  the  water  usually  supplied,  at  very  extravagant  ratev,  by  the  water  com- 
pmnies.  It  oAen  partakes  more  of  the  appearance  of  pea-soup  than  of  the  pure  ele- 
ment ;  fills  onr  cisterns  and  pipes  with  mud  and  dirt,  and,  even  when  cleared  by  subsi- 
cience,  is  extremely  unpalatable.  It  deposites  its  nastiness  in  the  pipes  connected  with 
^warm  baths,  and  throws  down  a  slippery  deposite  upon  the  bottom  of  the  vessel  itself  to 
such  an  extent,  as  often  to  preclude  its  being  used*  at  least  as  a  luxury,  which  a  dear 
mad  dean  bath  really  is.  This  inconvenience  may,  in  some  measure,  be  avoided,  by  suf- 
iering  the  water  to  throw  down  its  extraneous  matters  upon  the  bottom  of  the  cistern,  and 
drawing  our  supplies  from  pipes  a  little  above  it ;  there  will,  however,  always  be  more 
«yr  less  deposlta  in  the  pipes  themselves ;  and  every  time  the  water  runs  into  the  cistern, 
the  grouts  are  stirred  up,  and  diffused  through  its  mass  :  this,  from  some  cause  or  other, 
Jias  lately  become  an  intolerable  nuisance ;  and  he  who  reflects  upon  the  miscellaneous 
«nntent8  of  Thames  water,  will  not  have  his  appetite  shafpened  by  a  draught  of  the  Grand 
Junction  berenige,  nor  feel  reanimated  and  refreshed  by  bathing  in  a  compound  so  hete- 
rogeneous and  unsavory. 

4  and  5.   In  public  bathing  establishments,  where  numerous  and  constant  baths 
mre  required,  the  simplest  and  most  effective  means  of  obtaining  hot  water  for  their 
mupply  consists  in  drawing  it  directly  into  the  baths  from  a  large  boiler,  placed  some- 
^where  above  their  level.    This  boiler  should  be  supplied  with  proper  feeding-pipes 
mnd  gauges ;  and,  above  all  things,  its  dimensions  should  be  ample ;  it  should  be  of 
wiought  iron  or  copper,  except  where  sea.  water  is  used,  in  which  case  the  latter  metal 
is  sometimes  objectionable.   The  hot  water  should  enter  the  bath  by  a  pipe  at  least 
<aa  inch  and  a  half  in  diameter ;  and  the  cold  water  by  one  of  the  same  dimension,  or 
somewhat  larger,  so  that  the  bath  may  not  be  long  in  filling.   The  relative  proportions 
of  the  hot  and  cold  water  are,  of  course,  to  be  adju«ted  by  a  thermometer,  and  evety  bath 
should  have  a  two  inch  waste-pipe,  opening  about  two  inches  from  the  top  of  the  bath, 
and  suflfcring  the  excess  of  water  freely  to  run  off;  so  that  when  a  person  is  immersed 
in  the  bath,  or  when  the  supplies  of  water  are  accidentally  left  open,  there  may  be  no 
danger  of  an  overflow. 

Where  there  is  a  laundry  in  the  upper  story  of  the  house,  or  other  convenient  place 
for  erecting  a  copper  and  its  appurtenances,  a  plan  similar  to  the  above  may  oAen  be 
conveniently  adopted  in  private  houses,  for  the  supply  of  a  bath  upon  the  principal  bed- 
room floor.  An  attempt  is  sometimes  mnde  to  place  boilers  behind  the  fires  of  dress- 
ing-rooms, or  otherwise  to  erect  them  in  the  room  itself,  for  the  purpose  of  supplying 
wann  water ;  but  this  plan  is  always  objectionable,  from  the  complexity  of  the  means 
hy  which  the  supply  of  water  is  furnished  to  the  boiler,  and  oAen  dangerous  firmn 
the  flues  becoming  choaked  with  soot,  and  taking  fire.  Steam  is  also  apt,  in  sudi 
esses,  to  esoape  in  (quantities  into  the  room ;  so  that  it  becomes  necessary  to  search  for 
other  methods  of  heating  the  bath ;  one  or  two  of  the  least  objectionable  of  which  I  shall 
describe. 

1.  A  contrivance  of  some  ingenuity  consists  in  suffering  the  water  for  the  supply  of 
the  bath  to  flow  from  a  cistern  above  it,  throueh  a  leaden  pipe  of  about  one  inch  diame- 
ter, which  is  conducted  into  the  kitchen  or  other  convenient  place,  where  a  large  boiler 
lot  the  supply  of  hot  water  is  required.  The  bath-pipe  is  immersed  in  this  boiler,  in 
which  it  makes  many  convolutions,  and,  again  emerging,  ascends  to  the  bath.  The  ope- 
ntion  is  simply  this  : — the  cold  water  passing  through  the  convolutions  of  that  part  of 
tke  pipe  which  is  immersed  in  the  boiling  water,  receives  there  sufficient  heat  for  the 
pvpose  rcruiired,  and  is  delivered  in  that  state  by  the  ascendins:  pipe  into  the  bath, 
which  is  also  supplied  with  cold  water  and  waste-pipes  as  usual.  The  pipe  may  be  of 
lead,  as  far  as  the  descending  and  ascending  parts  are  concerned,  but  the  portion  forming 
Ihe  worm,  or  convolutions  immersed  in  the  boiler,  should  be  copper,  in  order  that  the  wa- 
ter within  it  may  receive  heat  without  impediment. 

This  plan  is  economical  only  where  a  large  boiler  is  constantly  kept  at  work  in  the 
lower  part  of  the  house ;  otherwise,  the  trouble  and  expense  of  heatini?  such  a  boiler,  for 
the  mere  purpose  of  the  bath,  render  it  unavailable.  The  worm-pipe  is  also  apt  to  become 
^Wred,  upon  the  outside,  by  the  deposition  of  the  earthy  impurities  of  the  water  in  which 
h  is  immersed ;  it  then  becomes  a  bad  conductor  of  heat,  is  cleansed  with  difficulty,  and 
the  plan  is  rendered  ineffective.  This  system,  however,  has  been  adopted,  in  some  par- 
ticnlar  cases,  with  satisfaction. 

2.  A  much  more  simple,  economical,  and  independent  mode  of  heating  a  warm 
Wh,  by  a  fire  placed  at  a  distance  from  it,  is  the  foUowing,  which  is  found  to  answer 
Pofeetly  in  private  houses,  as  well  as  upon  a  more  extended  scale  in  large  establish- 
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ments.  It  is  certainly  open  to  some  objections,  but  these  are  oTerbalanced  hf  its  adf— 
tages.  A  wagoa-shaped  boiler,  holding  about  six  gallons  of  water,  is  propetlsr  iilaMi^ 
over  a  small  furnace,  in  any  convenient  and  safe  part  of  the  bonse,  as  the  kitchen,  tro^^ 
lery,  servants'  hall,  or  wafh-hoose.  The  bath  itself,  of  the  usual  dimensions  and  f  rmilnf,  i 
tion,  is  placed  where  it  is  wanted,  with  a  due  supply  of  cold  water  from  above.  Twv 
pipes  issue  from  within  an  inch  of  the  bottom  of  the  bath  at  its  opposite  extremities ;  oi»« 
at  the  hMd  of  the  bath,  about  one  inch,  and  the  other  at  the  foot,  an  inch  and  one  eiglitA 
in  diameter.  These  tubes  descend  to  the  boiler,  the  smaller  one  entering  it  at  the  bot- 
tom, and  the  larger  one  issuing  from  its  top. 

Under  these  circumstances,  supposing  the  pipes  and  boiler  everywhere  perfectly  tiglM^ 
when  the  bath  1%  filled,  the  water  will  descend  into  and  expel  the  air  from  the  boiler,  saif 
completely  fill  it.  Now,  upon  making  a  gentle  fire  under  the  boiler,  sn  ascendiiig  cmr- 
rent  of  warm  water  will  necessarily  pass  upwards  through  the  larger  pipe  which  issues 
from  its  top,  and  cold  water  will  descend  by  the  pipe  which  enters  at  the  bottom ;  aod 
thus,  by  the  establishment  of  currents,  the  whole  mass  of  water  in  the  bath  will  beeone 
heated  to  the  desired  point ;  or,  if  above  it,  the  temperature  may  easily  be  lowered  ly 
the  admixture  of  cold  water. 

The  advantages  of  this  form  of  bath  are  numerous.  The  shorter  the  pipes  of  eon- 
mnnication  the  better,  but  they  may  extend  forty  or  fifty  feet  without  any  ineoi- 
Tenience  beyond  that  of  expense ;  so  that  there  is  no  obstacle  to  the  bath  bc^ng  nssr 
the  bed-room  while  the  boiler  is  on  the  basement  story.  There  is  bat  little  time  requir- 
ed for  heating  the  bath ;  the  water  in  which  may,  if  requisite,  be  raised  to  about  100**  is 
about  half  an  hour  from  the  time  of  lighting  the  fire.  The  oonsumptioo  of  fuel  is  slto 
trifling. 

The  following  are  the  chief  disadvantages  attendant  upon  this  plan,  and  the  means  of 
obfiating  them : — 

It  is  necessary,  when  the  water  has  acquired  its  proper  temperatnre,  to  withdraw  the 
fire  from  the  boiler,  or  not  to  use  the  bath  immediately,  as  it  may  go  on  acqairiag 
some  heat  from  the  boiler,  so  that  we  may  become  inconveniently  hot  in  the  bath. 
When,  therefore,  this  bath  is  used,  we  may  proceed  as  follows  :~heat  the  water  in  it 
an  hour  before  it  is  wanted,  to  about  100°,  and  then  extinguish  the  fire.  The  water 
iriU  retain  its  temperature,  or  nearly  so,  for  three  or  four  hours,  especially  if  the  bath 
be  shut  up  with  a  cover ;  so  that  when  about  to  use  it,  cold  water  may  he  admitted  till 
the  temperature  is  lowered  to  the  required  point,  and  thus  all  the  above  inconveniences 
see  avoided.  ' 

Another  disadvantage  of  this  bath  arises  from  too  fierce  a  fire  being  made  under 4he 
boiler,  so  as  to  occasion  the  water  to  boil  within  it,  a  circumstance  which  ought  always 
to  be  carefully  avoided.  In  that  case,  the  steam  rising  in  the  upper  part  of  the  boiler, 
and  into  the  top  pipe,  condenses  there,  and  occasions  violent  concussions,  the  noise  of 
which  oAen  alarms  the  whole  house,  and  leads  to  apprehensions  of  explosion,  which, 
however,  is  very  unlikely  to  occur;  but  the  concussions  thus  produced  injure  the  pipes, 
and  may  render  them  leaky ;  so  that  in  regard  to  these,  and  all  other  baths,  &c.,  we 
nay  remark,  that  the  pipes  should  pass  up  and  down  in  such  parts  of  the  house  as  will 
not  be  iigured  if  some  leakage  takes  place ;  and  under  the  bath  itself  should  be  a  SB^ 
fidently  laj^e  leaden  tray  with  a  waste-pipe,  to  receive  and  carry  oflf  any  accidental 
drippings,  which  might  injure  the  ceilings  of  the  rooms  below.  In  all  newly-boih 
houses,  two  or  three  flues  should  be  leA  in  proper  places  for  the  passage  of  ascending 
and  descending  water-pipes ;  and  these  flues  should  in  some  way  receive  at  their  lower 
part  a  little  warm  air  in  winter,  to  prevent  the  pipes  freezing ;  the  same  attention  should 
lUso  be  paid  to  the  situation  of  the  cisterns  of  water  in  houses,  which  should  be  kept 
within  the  house,  and  always  supplied  with  a  very  ample  waste-pipe,  to  prevent  the 
danger  of  overflow.  Cisterns  thus  properly  placed,  and  carefully  constructed,  shoold 
be  supplied  from  the  water-mains  by  pipes  kept  under  ground,  till  they  enter  the  hooie, 
and  not  carried  across  the  area,  or  immediately  under  the  pavement,  where  they  are 
liable  to  freeze. 

3.  Baths  are  sometimes  heated  by  steam,  which  has  several  advantages :  it  may  either 
be  condensed  directly  into  the  water  of  the  bath,  or,  if  the  bath  be  of  copper  or  tinned 
iron,  it  mi^  be  conducted  into  a  casing  upon  its  outside,  usually  called  a  jacket;  in 
the  latter  case  there  must  be  a  proper  vent  fbr  the  condensed  water,  and  for  the  escape 
oCair  and  waste  steam.  Stea^i  is  also  sometimes  passed  through  a  serpentine  pipe,  placed 
at  the  bottom  of  the  bath.  But  none  of  these  methods  are  to  be  recommended  for  adop- 
tion in  private  houses,  and  are  only  advisable  in  hospitals,  or  establishments  where 
ateam  boilers  are  worked  for  other  purposes  than  the  mere  heating  of  baths. 

Many  copper  and  tin  baths  have  been  lately  constructed  in  London,,  with  a  little 
Auaace  attached  to  one  end,  and  surrounded  with  a  case  or  jacket,  into  which  the  water 
isfwa  and  circulates  backwards  and  forwards  till  the  whole  mass  in  the  bath  gsts 
hmM  to  the  due  degree.  One  of  the  best  of  these  is  that  coutmcted  by.  Mr.  BenhMB^ 
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«f  WigBore  itreet.  The  bath  must  be  placed  near  the  fure-grate,  and  the  smoke-pipe 
«f  tke  attiched  famace  be  conducted  up  the  chimney  a  certain  way  to  secure  a  sufficient 
drugkt  to  maiatain  combustion.  The  above  bath,  well  managed,  heats  the  water  from 
50^  to  98^  in  about  20  or  25  minutes,  as  I  have  experimentally  proved.  When  the 
proper  temperature  is  attained,  the  fire  must  of  course  be  extinguished. 

BDELLIUM.  A  gam  resin,  produced  by  an  unknown  plant  which  grows  in 
Fenk  and  Arabia.  It  comes  to  us  in  yellowish  or  reddish  pieces,  smells  faintly, 
like  myrrh,  and  consists  of  59  resin,  9-2  gum,  30-6  bassorine,  and  1-2  ethereous  oil. 

BEER.  {BUn,  Ft.  ;  BUr,  Germ,)  The  fermented  infusion  of  malted  barley,  flavored 
viU  kopi,  constitutes  the  best  species  uf  beer;  but  there  are  many  beverages  of  inferior 
qnlily  to  which  this  name  is  given,  such  as  spruce  beer,  ginger  beer,  molasses  beer,  &c, ; 
iD  U  which  consist  of  a  saccharine  liquor,  partially  advanced  into  the  vinous  fermentation, 
aid  flavored  with  peculiar  substances. 

The  ancienu  were  acquainted  with  beer,  and  the  Romans  gave  it  the  appropriate 
was  at  Cenvisia  (quasi  Ceresia\  as  being  the  product  of  com,  the  gift  of  Ceref.  The 
Bost  celebrated  liquor  of  this  kind  in  the  old  time,  was  the  Pelusian  potation,  so  called 
(nm  the  Iowa  where  it  was  prepared  at  ihe  mouth  of  the  Nile.  Aristotle  speaks  of  the 
iiuaication  caased  by  beer ;  and  Theophrastns  very  justly  denominated  it  the  wine  of 
krkif.  We  may,  indeed,  infer  from  the  notices  found  in  historians,  that  drinks  anak>- 
|i«s  !•  our  beer  were  in  use  among  the  ancient  Gauls,  Germans,  and  in  fact  almost  every 
people  of  our  temperate  zone;  and  they  are  stiil  the  universal  beverage  in  every  land 
where  the  Tine  is  not  an  object  of  rustic  husbandry. 

The  nannfactnre  of  beer,  or  the  art  of  brewing,  may  be  conveniently  considered  under 
ire  heads 

1.  An  ezamiaation  of  the  natural  productions  which  enter  into  its  composition ;  or  of 
huleyand  hops. 

2.  The  changes  which  barley  mast  undergo  to  fit  it  for  making  beer ;  or  the  procattes 
of  BiltiBg  and  mashing. 

3.  The  formation  of  a  proper  wort  from  the  mashed  malt  and  hops, 
i  The  fermeaUtion  of  that  wort ;  and, 

5.  The  fining  ripening,  and  preservation  of  the  beer. 
I.  0/tkt  materials, 

1.  Barley,  wheal,  maize,  and  several  other  kinds  of  corn  are  capable  undergoing  those 
fcracatative  changes,  by  which  beer  may  be  made ;  but  the  first  substance  is  by  far  the 
kttsL  There  aic  two  species  of  barley,  the  hordeum  vulgare  or  common  barley,  having 
hro  seeds  arranged  in  a  row  on  its  spikes ;  and  the  hordeum  hexastichon,  in  which  three 
leeds  sprint  Crom  one  point,  so  that  its  double  row  has  apparently  six  seeds.  The  former 
ii  the  pn*per  barley,  and  is  much  the  larger  sized  grain  ;  the  latter  is  little  known  in 
iM^iMMd,  b«t  is  much  cultivated  in  Scotland  under  the  name  of  6ear  or  6tgg ;  being  a 
hudv  plast  adapted  to  a  coUer  country.  The  finer  the  climate  hi  which  barley  grows, 
the  dfMer  and  larger  its  seed,  and  the  thinner  its  husk ;  thus  the  Norfolk  and  Sufiblk 
htffaf  H  distinguished  in  these  respects  from  that  of  Aberdeenshire.  Bigg  is  a  less  com- 
pstf  gadm  than  barL'y ;  the  weight  of  a  Winchester  bushel  (2150*42  cubic  inches)  of 
ihclonBer  is  only  about  47  lbs.,  while  that  of  a  bushel  of  the  latter  is  nearly  51  lbs. 
Their  eoaititiients,  however,  bear  much  the  same  proportion  to  each  other. 

The  f«aliiy  of  barley  is  proved  not  only  by  its  density  when  dry,  but  by  the  increase 
if  votaae  whieh  it  acquires  when  steeped  in  water.  Thus, 

100  aeasores  of  average  English  barley  thereby  swell  into  124. 
100  —  of  —  Scotch  ditto,  -  -  -  121. 
100     —      of  —         —    bigg  or  bear,  -  118. 

Nay,  100  of  very  fine  Suffolk  barley  have  swollen  into  -  183. 
While  100  of  an  inferior  Scotch  bigg  became  no  more  than    -  109. 

This  drcofflstance  indicates  so  nearly  the  probable  yield  of  nudt,  that  it  is  carefully 
tteaied  to  hy  the  ofllcers  of  excise,  who  gauge  the  steep  cistern,  and  levy  their  duty  in 
eisfiirwty  with  the  largest  volume.  100  pounds  of  good  barley  become  almost  one  half 
h«fier  by  the  absorption  of  aioistnre ;  and  weigh  upon  an  average  147  pounds ;  the  best 
of  come  taking  ap  moat  water. 

Brcheaieal  aaalysif  barley  flour  seems  to  consist  of  67*18  parts  of  hordeine,  or  starch 
^  giiilca  inliMiely  combined,  7*29  of  vegeuble  fibre,  1*15  of  coagulated  albumen, 
HI  fuu  of  claten,  5-21  of  sugar,  4*62  of  gum,  0*24  of  phosphate  of  lime,  and  9*37  of 
*Mcr.  The  lam  amoanted  to  1*42.  To  these  principles  should  be  added  a  peculiar 
afl  of  a  eoncrete  nature,  whieh  is  obtained  during  the  process  of  distiUing  fer- 
Wfli  salt  wash.  (See  Whiskey.)  It  may  also  be  extracted  from  barley  flour,  by  the 
■liatt  aetiott  of  aleohol ;  and  never  amounts  to  more  than  a  few  parts  in  the  thousand. 
^  htak  alto  eootaina  some  of  that  fetkl  oiL   Proust  thought  that  he  had  discovered  in 

a a  ncoiliar  pciaciple,  to  which  he  gave  the  name  of  hordeim ;  and  which  he  tepa- 
i«iitw«li  Wtbeaatioft  of  both  eoU  and  boUing  water.  He  foiiiid  that  hir  IMM- 
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tng  barley  meal  soccessively  with  water,  he  obtained  from  89  to  90  parts  of  a  farinaeeoQ: 
sobstance,  com)K)6ed  of  from  32  to  33  of  starch,  and  from  57  to  58  uf  Aoniettie.  Einbor 
obtained  from  barley  seeds,  70*05  of  floor,  18-75  of  husks  or  bran,  and  11-20  of  water* 

According  lu  Proust,  hordeine  is  a  yellowish  powder,  not  unlike  fine  saw-dust.  H 
contains  no  azute,  fur  it  affords  no  ammonia  by  distillation,  and  is  therefore  very  dissimB 
lar  to  gluttn.    In  the  germination  of  barley,  which  coAsiitutes  the  process  of  mallin^a 
the  proportion  of  hordeine  is  irrcally  diiuiiiished  by  its  convci«ion  into  sugar  and  starchy 
Other  chemists  supj-osc  that  the  hordeine  of  Proust  is  merely  a  mixtnre  of  the  bran  cr 
the  barley  with  starch  and  uloten.    It  is  obvious  that  the  subject  stand*  in  need  of  r.e^v^ 
rhemical  researches.   In  barley  the  husk  cunslitutes  from  one  fourth  to  one  lifih  cf  (he 
whole  weight ;  in  oats  it  constitutes  one  third;  and  in  wheat  one  tenth.    Frtm  the  ana- 
lysis of  bailey  flour  recently  made,  it  appears  to  consist  in  1000  parts  :  of  wnier,  ICO;  al- 
bumen, 22-3;  sugar,  5(1}  gum  or  muciloifc,  50  j  gluten,  37-6;  starch,  720";  phcspbatc 
of  lime,  2*5. 

2,  The  hop,  /.tt7ijtt/ttv  lvjiuhi$y  the  female  flowers  of  the  plant.  Ives  first  directed  attenticc 
to  a  yellow  pulveruK  ni  si  b-timcc  which  invests  the  scales  of  the  catkins,  amounting  to 
about  one  eighth  (  f  their  wei'^hl;  and  referred  to  it  the  valuable  properties  which  bops  int- 
part  to  beer.  We  mny  obtain  this  substance  by  dr}  ine  the  hops  at  a  temperature  of  86® 
K.,  inlioduring  them  into  a  cuarsc  canvass  Uae,  and  shakina  it  so  that  the  yellow  powder 
shall  pass  through  the  pores  of  the  canvass.  This  powder  bears  some  resemblance  to  lyco- 
podium.  Of  the  13  parts  in  100  of  this  powder,  4  parts  aie  foreign  matters,  derived  from 
the  scales  of  the  cones;  leaving  9  parts  of  a  ptruliar  cjranular  substance.  When  distilled 
with  water,  this  substance  aifords  two  per  cent,  of  its  weight  for  100  times  the 
weis;ht  of  hops)  of  a  volatile  colorless  oil,  to  which  the  plant  owes  its  peculiar  aroma. 
This  (lil  dissolves  in  water  in  considerable  quantity.  U  appears  lo  contain  sulphur  (for 
it  blackens  solutionb  of  silver),  and  also  acetate  of  ammonia.  No  less  than  65  per  cent, 
of  the  yellow  dust  i<  soluble  in  alc<  hoi.  This  sclutii  a,  treated  with  water  and  distilled, 
leaves  a  resin,  which  amounts  to  52*5  per  cent.  It  has  no  bitter  taste,  and  is  siduUc  in 
alcohol  and  ether.  The  watery  solution  from  which  the  resin  was  separated  contains  the 
bitter  sub>tance  whicli  has  been  called  /M/m/iue  by  Payen  and  Chevollier,  mixed  with  a 
little  tannin  and  malic  acid.  To  obtain  this  in  u  state  <if  purity,  the  free  acid  must  be 
Milurated  with  lime,  the  solution  evaporated  todiyness,  and  the  re«idunm  must  be  treated 
with  ether,  which  removes  a  Utile  resin  ;  after  which  the  lupuline  is  dissolved  out  by  al- 
cohol, which  leaves  the  ninlate  of  lime.  On  evaporoiing  away  the  alcoliol,  the  Inpuline 
remains,  weirfhinii  from  8-3  lo  12*0  per  cent.  It  is  sometimes  white,  or  sli&htly  yel- 
lowish, and  opaque,  sometimes  orange  yellow  and  transparent.  At  crdinary  tempera- 
tures it  is  inodorous,  but  when  heated  stronuly  it  emits  the  smell  of  hops,  h  possesses  • 
the  characteristic  taste  and  bitterness  of  the  hop.  Water  dissolves  it  only  in  the  propor- 
tion of  5  per  cent.,  but  it  thereby  acquires  a  pule  yellow  color.  Lupuline  is  neither  - 
acid  nor  alkaline ;  it  b  acted  upon  neither  by  the  dilute  acids  nor  alkalis,  nor  by  the  = 
solutions  of  the  metallic  salts ;  it  is  quite  soluble  in  alcohol,  but  hardly  in  ether.  It  J 
contains  apparently  no  azote,  for  it  alFords  no  ammonia  by  destructive  distillation  j  Vnt  ^ 
only  an  empyreumatic  oil. 

The  yellow  dust  of  hops  contains,  moreover,  traces  of  a  fatty  matter,  gnm,  a 
small  quantity  of  an  azotized  substance,  and  several  saline  combinaticns  in  minute  —Jm 
quantity.  Boiling  water  dissolves  from  19  to  31  per  cent,  of  the  contents  of  the  dust,  of  '^fc^ 
which  a  large  proi>ortion  is  resin.  Ives  thought  that  the  scales  of  the  catkins  of  hops,  when^tfrsK- 1 
freed  from  the  yellow  powder,  contained  no  principles  analogous  to  it ;  but  Payen  andK^ci 
Chevallier  have  proved  the  contrary.  The  cones  of  hop  give  up  to  boiling  alcohol  3CZ*  t 
per  cent,  of  soluble  matter ;  while  the  same  cones,  stripped!  of  their  yellow  powder,  yiekKl^  d 
only  26  per  cent. ;  and  further,  these  chemists  found  the  same  principles  in  the  difircren!"  ^^=^1 
parts  of  the  hop,  but  in  diflierent  proportions. 

The  packing  of  the  hop  catkins  or  cones  is  one  of  the  most  important  operation»  ms 
'towards  the  preservation  of  this  plant ;  and  is  probably  the  cause  of  the  enormons  dif^K'  f- 
ference  in  value  between  the  English  and  Frendi  hops  after  a  few  years  keeping.  Tb»-  ^^cic 
former,  at  the  end  of  six  years,  ]>osse8S  still  great  value,  and  may  be  sold  as  an  nrtid^  ^^P*^ 
only  two  or  three  years  old ;  while  the  latter  have  lost  the  greater  part  of  their  valae  iiV  -^^^ 
three  years,  and  are  no  more  saleable  at  the  end  of  fotur.  In  France,  it  is  packed  merely 
by  tramping  it  with  the  feet  in  sacks.  Under  this  slight  pressure,  large  intersli  ~  ' 
spaces  are  left  amid  the  mass  of  the  hops,  through  which  the  air  freely  circulates,  c 
rying  off  the  essential  oil,  and  oxygenating  some  of  the  other  proximate  principles,  so  i 
to  raider  them  in€rt.  By  the  English  method,  on  the  contrary,  the  hops,  after  beu  _ 
well  rammed  into  strong  sacks  hung  in  frames,  are  next  subjected  to  the  action  of » 
hydraulic  press.  The  valuable  yellow  powder  thus  enclosed  on  every  side  by  innu 
Bcrable  compact  scales,  is  completely  screened  from  the  contact  of  the  atmosphm,  s 
from  all  its  vicissitudes  of  humidity.  Its  essential  oil,  in  particular,  the  basis  of  its  flavt 
ii  pceserved  without  decay. 
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AeeariiBC  to  the  elperimente  of  ChcwUIier  and  Payen  upon  the  hops  of  England, 
Fkadovt^  NetherUndf,  and  the  department  of  the  Vogges,  those  of  the  county  of  Kent 
i&ided  the  larfrest  cones,  and  were  most  productive  in  useful  secreted  and  soluble  mat- 
loi.  Next  to  them  w«ihe  hops  of  Alost, 

Tbc  beat  hopa  Iml^'  «  golden  yellow  color,  large  cones,  an  agreeable  aroma :  whenrub- 
bei  ktveen  the  hands,  they  leave  yellow  traces,  powerfully  odoriferous,  without  any 
Mca  portions  of  th«  plant,  such  as  leaves,  stems,  and  scaly  fragments.  When  alcohtA 
«&Hlfd  oa  good  hops,  from  9  to  12  per  cent,  of  soluble  yellow  matter  may  be  obtained 
If  mvpntting  it  to  dryness.   This  is  a  good  test  of  their  quality. 

Tke  tot-flavored  and  palest  hops  are  packed  in  sacks  of  fine  canvass,  which  are  call- 
Wpoekets,  and  weigh  about  H  cwt.  each.  These  are  bought  by  the  ale  brewen  The 
ttvBger-iavofed  and  darker-colored  hops  are  packed  in  bags  of  a  very  coarse  texture 
Skc  door-mats,  called  hop  bags :  these  contain  generally  about  3  cwt.,  and  are  sold  to  the 
fHrtcr  and  beer  brewers.  AAer  the  end  of  a  year  or  two,  hops  are  reckoned  to  have  lost 
aseh  of  their  marketable  value,  and  are  then  sold  to  the  second-rate  porter  brewers,  on- 
the  name  of  okl  hops.  The  finest  hops  are  grown  in  the  neighborhood  of  Canterbury ; 
km  those  of  Worcester  have  an  agreeable  mildness  of  fla\'or,  greatly  admired  by  many 
•le  drinkers.  When  the  bitter  and  aromatic  principles  disappear,  the  hops  are  no  better 
tksi  io  Boeh  chaff;  therefore,  an  accurate  chemical  criterion  of  their  principles  would 
lea frett  bemeiit  to  the  brewer. 

If.  JTal/nig.^This  process  consists  of  three  successive  operations ;  the  stcepfj*^ ;  tHe 
tttehiag,  sweating,  and  flooring ;  and  the  kiln-drying. 

The  ttofpmg  is  perfonned  in  large  cisterns  made  of  wood  or  stone,  which  being  filled 
vilh  dear  water  up  to  a  certain  height,  a  quantity  of  barley  is  fhot  into  ihem,  and  wdl 
^nred  about  with  rakes.  The  good  grain  is  heavy,  and  subsides;  the  lighter  grains, 
vkiek  float  on  the  surface,  are  damaged,  and  should  be  skimmed  oflf;  for  they  would  in- 
jct  the  qnality  of  the  malt,  and  the  flavor  of  the  beer  made  with  it.  They  seldom  amount 
^  wan  than  two  per  cent.  Mure  barley  is  successively  emptied  into  the  steep  dstem. 
<iO  the  water  stands  only  a  few  inches,  about  five,  above  its  surface ;  when  this  is  levelled 
^  esrefblly,  and  every  light  seed  is  removed.  The  steep  lasts  from  forty  to  sixty  hours, 
^ccoidmg  to  circumstances ;  new  barley  requiring  a  longer  period  than  old,  and  bigg  re- 
Ktiriig  much  less  time  than  barley. 

Dariag  this  steep,  some  carbonic  acid  is  evolved  firom  the  grains,  and  combines  with 
^  water,  which,  at  the  same  time,  acquires  a  yellowish  tinge,  and  a  strawy  smell,  from 
^iwoliing  wome  of  the  extractive  matter  of  the  barley  husks.  The  grain  imbibes  about 
^  half  its  weight  of  water,  and  increases  in  size  by  about  one  fiAh.  By  losing  this  ex- 
^nct,  the  hnsk  becomes  about  one  seventieth  lighter  in  weight,  and  paler  in  color. 

Tke  doimtion  of  the  steep  depends,  in  some  measure,  upon  the  temperature  of  the  air, 
^ii  shorter  in  summer  th&n  in  winter.  In  general  from  40  to  48  hours  will  be 
^^od  salBcient  for  sound  dry  grain.   Steeping  has  for  its  object  to  expand  the  farina 

the  harley  with  humidity,  and  thus  prepare  the  seed  for  germination,  in  the  same  way 
^  the  Boiitiire  of  the  earth  prepares  for  the  growth  of  the  radicle  and  plumula  in  seed 
otiiiit.  Too  long  continuance  in  the  steep  is  injurious;  because  it  prevents  the 
VnuHtkm  at  the  proper  time,  and  thereby  exhausts  a  portion  of  the  vegetative  power : 
it  caases  alto  an  abstraietion  of  sacchariae  matter  by  the  water.  The  maceration  is  known 
ttkeoi^plete  when  the  grain  may  be  easily  transfixed  with  a  needle,  and  is  swollen 
^  its  fUl  size.  The  fdiowing  is  reckoned  a  good  test : — If  a  barley-corn,  when  pressed 
hetweci  Ibe  thumb  and  fingers,  continues  entire  in  its  husk,  it  is  not  sufiSciently  steeped ; 
N  if  it  iheds  Its  flovr  upon  the  fingers,  it  is  ready.  When  the  substance  exudes  in  the 
fcni  of  a  milky  joiee,  the  steep  has  bec»i  too  long  continued,  and  the  barley  is  spoiled  for 

h  vaim  weather  ft  sometimes  happens  that  the  water  becomes  acescent  before  the 
piik  h  thofoii^y  swelled.  This  accident,  which  is  manifest  to  the  taste  and  smell, 
W  be  immediately  obviated  by  drawing  off  the  foul  water  through  the  tap  at  the  bottom 
if  the  astern,  and  replacing  it  with  firesh  eokl  water.  It  does  no  harm  to  renew  it  two 
fftkce  tinea  at  one  steep. 

The  emuk.  The  water  being  drawn  off,  and  occasionally  a  fresh  quantity  passed 
jwMgh,  to  wash  away  any  slimy  matter  which  may  have  been  generated  in  warm 
viMher,  the  barley  ia  now  laid  upon  the  couch  floor  of  stone  flags,  in  square  heaps  from 
ttiB  16  iaebet  high,  and  left  in  that  position  for  24  hours.  At  this  period,  the  bulk 
^thsgniB  betnf  the  greatest,  it  may  be  gauged  by  the  revenue  officers  if  they  think 
ft.  lie  flKNStnie  now  leaves  the  surface  of  the  barley  so  completely,  that  it  imparts 
*  dnplwai  to  the  hand.  By  degrees,  however,  it  beoomes  warm ;  the  temperature 
Hag  |(f  ahoire  the  attaiosphere,  while  an  agreeable  fruity  smell  is  evolved.  At  this  time^ 
if  the  head  be  thmat  into  the  heap,  it  not  only  feels  warm,  but  it  gete  bedewed  with 
■riNMv.  At  thk  sweating  stage,  the  germination  begins ;  the  fibrils  of  the  radide 
ipMl  Ibffth  Otam  the  tip  of  every  grain,  and  a  white  elevation  appears,  that  worn 
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separates  into  three  or  more  radides,  which  grow  rapidly  lan^.  Aboat  a  day  after  tkis^ 
appearance,  the  plumula  peeps  forth  at  the  same  point,  proceeding  thence  beneath  the= 
husk  to  the  other  end  of  the  seed,  in  the  fonn  of  a  green  leaflet. 

The  greatest  heat  of  the  couch  is  usually  about  96  hours  after  ihe  barley  has  been^H 
taken  out  of  the  steep.  In  consequence,  the  radicles  tend  to  increase  in  length  wHI^k 
very  great  rapidity,  and  must  be  checked  by  artificial  meaiM,  whicki  constitute  th^H 
chief  art  of  the  ma]t«ter.  He  now  begins  to  spread  the  barley  thinner  on  the  floor.  - 
and  turns  it  over  several  times  in  the  course  of  a  day,  bringing  the  portions  of  ih^M 
interior  into  the  exterior  surface.  The  depth,  which  was  originaJly  15  or  16  inehea^H 
is  lowered  a  little  at  every  turning  over,  till  it  be  brought  eventually  down  to  thre«— 
or  four'inches.  Two  turnings  a  day  are  generally  required.  At  this  period  of  apreu^^ 
ing  or  flooring,  the  temperature  in  England  is  about  62°,  and  in  Scotland  5  or  6  degin 
lower. 

About  a  day  aAer  the  radicles  appear,  the  rudiments  of  the  stem,  or  of  the  plamvl^^ 
sprout  forth,  called  by  the  English  maltsters  the  acrospirt.   It  issues  from  the  same  er:^ 
of  the  seed  as  the  radicle,  but  turns  round,  and  proceeds  within  the  husk  towards  theoth 
end,  and  would  there  come  forth  as  a  green  leaf,  were  its  progress  not  arrested.  T^^ 
malting,  however,  is  com{>letc  before  the  acrospire  becomes  a  leaf. 

The  barley  couch  absorbs  oxygen  and  emits  carbonic  acid,  just  as  animals  do  in  breafc.  M 
ing,  but  to  a  very  limited  extent ;  for  the  grain  loses  only  three  per  eent«  of  its  wei^ 
upon  the  malt  floor,  and  a  ptfrt  of  this  loss  is  due  to  waste  particles.   As  the  acro8|&  -re 
creeps  along  the  surface  of  the  seed,  the  farina  within  undergoes  a  remarkable  alte  v-i- 
tion.   The  gluten  and  mucilage  disappear,  in  a  great  measure,  the  cotor  becomes  whifc^r. 
and  the  substance  becomes  so  friable  that  it  crumbles  into  meal  between  the  fisgi^sB. 
This  is  the  great  purpose  of  malting,  and  it  is  known  to  be  accomplished  when  the  pfeln. 
mala  or  acrospire  has  approached  the  end  of  the  seed.   Now  the  further  growth  nm.  wisf 
be  completely  stopped.   Fourteen  days  may  be  reckoned  the  usual  duration  of 
germinating  stage  of  the  malting  operations  in  England ;  but  in  Scotland,  where  the 
temperature  of  the  couch  is  lower,  eighteen  days,  or  even  twenty-one,  are  sometimes  re. 
quired.   The  shorter  the  period  within  the  above  limits,  the  more  advantageous  is  Ike 
process  to  the  maltster,  as  he  can  turn  over  his  capital  the  sooner,  and  his  malt  is  mJn 
somewhat  the  better.   Bigg  is  more  rapid  in  its  germination  than  barley,  and  reqnim  Ji  to 
be  still  more  carefully  watched.   In  dry  weather  it  is  sometimes  necessary  to  water  Uie 
barley  upon  the  couch. 

Occasionally  the  odor  disengaged  from  the  couch  is  offensive,  resembling  tha.^  oT 
rotten  apples.   This  in  a  bad  prognostic,  indicating  either  that  the  barley  was  oT  M 
quality,  or  that  the  workmen,  through  careless  shovelling,  have  crushed  a  number  tht 
grains  in  turning  them  over.   Hence  when  the  weather  causes  too  quick  germinatiosi,  it 
is  batter  to  check  it  by  spreading  the  heap  out  thinner  thah  by  turning  it  too  fireqaeotfy 
over.   On  comparing  different  samples  of  barley,  we  shall  find  that  the  best  jdevelop  tbi 
germ  or  acrospire  quicker  than  the  radicles,  and  thus  occasion  a  greater  prodnetioii  of 
the  saccharine  principle ;  this  conversion  advances  along  with  the  acrospire,  and  keep 
pace  with  it,  so  that  the  portion  of  the  seed  to  which  it  has  not  reaped  is  still  in  its  si 
altered  starchy  state.   It  is  never  complete  for  any  single  barleycorn  till  the  aciosfiie 
has  come  to  the  end  opposite  to  that  from  which  it  sprung ;  henee  one  part  of  the  eon 
may  be  sugary,  while  the  other  is  still  insipid.   If  the  grain  were  allowed  to  TcgditF 
beyond  this  term,  the  radicles  being  fully  one  third  of  an  inch  long,  the  future  stem  moU 
become  visibly  green  in  the  exterior ;  it  would  shoot  forth  rapidly,  the  interior  of  the 
gnin  wouM  become  milky,  with  a  complete  exhaustion  of  aU  its  nsefiil  eoutiticMs» 
and  nothing  but  the  husk  would  remain. 

In  France,  the  brewers,  who  generally  malt  their  barley  themselves,  seldom  leave  it  oa 
tiie  couch  more  than  8  or  10  days,  which,  even  taking  into  aeeoont  the  warmer  cliBite 
of  their  country,  is  certainly  too  short  a  period,  and  hence  they  tomkt  inftrior  wort  to  th^ 
Enf^h  brewer,  from  the  same  quantity  of  malt. 

At  the  end  of  the  germination,  the  radicles  have  become  1|  longer  than  the  bailcf  # 
and  are  contorted  so  that  the  corns  hook  into  one  another,  but  the  acrospire  is  j«s^ 
beginning  to  push  through.  A  moderate  temperature  of  the  air  is  best  adajrted  lo  luh^ 
ing ;  therefore  it  cannot  be  carried  on  well  daring  the  heat  of  summer  or  the  coUi  oiT 
winter.  Malt-floors  should  be  placed  in  subsUntial  thick-walled  buildings,  wWioag 
access  of  the  sun,  so  that  a  uniform  temperature  of  59^  or  60^  may  ]>reTa3  inside'' 
Some  recommend  them  to  be  sunk  a  little  under  the  suHhce  of  the  gitnmd,  if  th^ 
situation  be  dry. 

During  germination  a  remarkable  change  has  taken  place  in  the  sobstanee  of  th^ 
grain.  The  glutinous  constituent  has  almost  entirely  disappeared,  and  is  supposed  ic^ 
hsTe  passed  into  the  matter  of  the  radicles,  while  a  portion  of  the  stardi  is  eonvertti^ 
into  sugar  and  mucilage.  The  change  is  similar  to  what  stareh  undergoei  whe9 
dbsolvcd  in  water,  and  digested  in  a  heat  of  about  IBO^  F.  along  with  a  lilllo  jlim 
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Hw  tbidc  pMte  becomes  gradually  liqaid,  transparent,  and  tweet  tasted,  and  the  iolatini 
contains  now,  sngar  and  gum,  mixed  with  some  unaltered  itareh.  Tlie  ghiten  snffen  a 
change  at  the  same  time,  and  becomes  acescent,  so  that  only  a  certain  quantity  of  starch 
can  be  thns  converted  by  a  quantity  of  gluten.  By  the  artificial  growth  upon  the  malt- 
flcxnr,  all  the  gluten  and  albumen  present  in  barley  is  not  decomposed,  and  only  abont 
cme  hair  of  the  starch  is  converted  into  sugar ;  the  other  half,  by  a  continuance  of  the 
frermination,  would  only  go  to  the  growth  of  the  roots  and  stems  of  the  plant ;  but  it  re- 
«eiTes  its  nearly  complete  conversion  into  sugar  without  any  notable  waste  of  substance 
in  the  brewer's  operation  of  mashing. 

The  kiln-drying, — When  the  malt  has  become  perceptibly  dry  to  the  hand  upon 
the  floor,  it  is  taken  to  the  kiln,  and  dned  hnrd  with  artificial  heat,  to  stop  all  further 
growth,  and  enable  it  to  be  kept,  without  change,  for  future  use,  at  any  time.  The 
snalt-kiln,  which  is  particularly  described  in  the  next  page,  is  a  round  or  a  square 
chamber,  covered  with  perforated  plates  of  cast  iron,  whose  area  is  heated  by  a  stove  or 
£omace,  so  that  not  merely  the  plates  on  which  the  malt  is  laid  are  warmed,  but  the  air 
"Which  passes  up  through  the  stratum  of  malt  itself,  with  the  effect  of  carr}'ing  oflf  very 
npidly  the  moisture  from  the  grains.    The  layer  of  malt  should  be  about  3  or  4  inches 
<hick,  and  evenly  spread,  and  its  heat  should  be  steadily  kept  at  from  the  90th  to  the 
100th  degree  of  Fahrenheit's  scale,  till  the  moisture  be  mostly  exhaled  from  it.  During 
this  time  the  malt  must  be  turned  over  at  first  frequentlr,  and  latterly  every  three  or 
Jour  hoars.    When  it  is  nearly  dr}*,  its  temperature  shotkid  be  raised  to  from  14fi^  to 
165^  F.,  and  it  mu^t  be  kept  at  this  heat  till  it  has  assumed  the  desired  shade  of  color, 
which  is  commonly  a  brownish-yellow  or  a  yellowish-brown.    The  fire  is  now  allowed 
to  die  ont,  and  the  malt  is  lef\  on  the  plates  till  it  has  become  completely  cool ;  a  result 
promoted  by  the  stream  of  cool  air,  which  now  rises  up  through  the  bars  of  the  grate ; 
or  the  thoroughly  dry  browned  mnit  may,  by  damping  the  fire,  be  taken  hot  from  the 
plates,  and  cooled  upon  the  floor  of  an  adjoining  apartment.    The  prepared  malt  muu 
he  kepC  in  a  dry  loA,  where  it  can  be  occasionally  turned  over  till  it  is  used.  The 
period  of  kiln-drying  should  not  be  hurried.   Many  persons  employ  two  days  in  this 
operation. 

According  to  the  color  and  the  degree  of  dryinsr,  malt  is  disiribnted  into  three  sorts  . 
pale,  yelkiw,  and  bn)wn.  The  first  is  produced  when  the  highest  heat  to  which  it  has 
been  subjected  is  from  90^  to  100^  F. ;  the  amber  yellow,  when  it  has  suffered  a  heat 
of  and  the  brown  when  it  has  been  treated  as  above  described.  The  black  malt 
nsed  by  the  porter  brewer  to  color  his  beer,  has  suffered  a  much  higher  heat,  and  is 
partially  charred.  The  temperature  of  the  kiln  should,  in  all  cases,  be  most  gradually 
raised,  and  most  equably  maintained.  If  the  heat  be  too  great  at  the  beginning,  the 
busk  gets  hard  drie<l,  and  hinders  the  evaporation  of  the  water  from  the  interior  sub- 
stance; and  should  the  interior  be  dried  by  a  stronger  heat,  the  husk  will  probably  split, 
and  the  farina  become  of  a  horny  texture,  very  refractory  in  the  mash-tun.  In  general, 
it  is  preferable  to  brown  malt,  rather  by  a  long-continued  moderate  heat,  than  by  a  more 
violent  heat  of  shorter  duration,  which  is  apt  to  carbonize  a  portion  of  the  mucilaginous 
sugar,  and  to  damage  the  article.  In  this  way,  the  sweet  is  sometimes  converted  into  a 
bitter  principle. 

Daring  the  kiln-drying,  the  roots  and  acrospire  of  the  barley  become  brittle,  and  fall 
ofij  and  are  separated  by  a  wire  sieve  whose  meshes  are  too  small  to  alk>w  the  malt 
itsdf  to  pass  through. 

A  quantity  of  good  barley,  which  weighs  100  pounds,  being  judiciously  malted,  wiU 
weigh,  after  drying  and  sifting,  80  pounds.  Since  the  raw  grain,  dried  by  itself  at  the 
same  temperature  as  the  malt,  would  lose  12  per  cent  of  its  weight  in  water,  the  malt 
process  dissipates  out  of  these  remaining  88  pounds,  only  8  pounds,  or  8  per  cent,  of  the 
nw  bariey.  This  loss  consists  of— 

1)  per  cent,  dissolved  out  in  the  steep  water, 
3      —      dissipated  in  the  kiln, 
3      —      by  the  falling  of  the  fibrils, 
I    —      of  waste. 

The  hnlk  of  good  malt  exceeds  that  of  the  barley  from  which  it  was  made,  by  about  8 
or 9  percent. 

Thie  operation  of  kfln-drying  is  not  confined  to  the  mere  expulsion  of  the  moisture 
from  the  germinated  seeds ;  but  it  serves  to  convot  into  sugar  a  portion  of  the  starch 
«Udi  remain^  unchanged,  and  that  in  a  twofold  way;  first,  by  the  action  of  the 
thten'upon  the  fecuU  at  an  elevated  temperature,  as  also  by  the  species  of  roasting 
vliich  the  starch  undergoes,  and  which  renders  it  of  a  gummy  nature.  (See  SrAacH.) 
We  alMU  have  a  proof  of  this  explanation,  if  we  dry  one  portion  of  the  malt  in  a 
vteilly  dry  aUno^ere,  and  another  in  a  moderately  warm  kiln;  the  former  will 
M  less  saccharine  extract  than  the  latter.  Moreover,  the  kiln-dried  malt  has  a  pe- 
^^Bu^  agreeable,  and  faintly  burned  taste,  probably  from  a  small  portion  of  empy- 
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remnatic  oil  formed  in  the  busk,  and  which  not  onlj  imparts  its  flaror  to  the  beer,  bar 
also  contributes  to  its  preservation.   It  is  therefore  obvions,  that  the  skilfol  preparatioti 
of  the  malt  must  have  the  greatest  inflnenee  both  on  the  quantity  and  quality  of  the  wortt 
to  be  made  from  it.   If  the  germination  be  pushed  too  far,  a  part  of  the  exf  ractible  mar- 
ter  is  wasted ;  if  it  has  not'advanced  far  enough,  the  malt  will  be  too  raw,  and  too  modi 
(Mf  its  substance  will  Hemain  as  an  insoluble  starch ;  if  it  is  too  highly  kiln-dried,  a  polioa 
of  its  sugar  will  be  caramelized,  and  become  bitter ;  and  if  the  sweating  was  imperfeel 
or  irregular,  much  of  the  barley  may  be  rendered  lumpy  and  useless.   Good  malt  is  db- 
tingui^able  by  the  following  characters : — 

The  grain  is  round  and  full,  breaks  freely  between  the  teeth,  and  has  a  sweetish  taste, 
an  agreeable  smell,  and  is  full  of  a  soA  flour  from  end  to  end.  It  affonis  no  unpleasant 
flavor  on  being  chewed ;  it  is  not  hard,  so  that  when  drawn  along  an  oaken  taUe  aeniis 
the  fibres,  it  leaves  a  white  streak,  like  chalk.  It  swims  upon  water,  whUe  nnrnal^ 
barley  sinks  in  it.  Since  the  quality  of  the  malt  depends  much  on  that  of  the  barley,  the 
same  sort  only  should  be  used  for  one  malting.  New  barley  germinates  quicker  than 
old,  which  is  more  dried  up ;  a  couch  of  a  mixture  of  the  two  would  be  irrqgolar,  and 
difllcult  to  regulate. 

Description  of  th€  malt-kiln.— Figs,  97,  98,  99,  100,  exhibit  the  construction  of  a  well- 
contrived  malt-kiln.  Fig,  97,  is  the  ground  plan  :  fig.  98  is  the  vertical  seetioa ;  and 
4g«.  99  and  100,  a  horizontal  and  vertical  section  in  the  line  of  the  malt-plates.  Tlie  same 
letters  denote  the  same  parts  ilk  each  of  the  figures.   A  cast-iron  cupola-shaped  oven  is 
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supported  in  the  middle,  upon  a  wall  of  brickwork  four  feet  high*;  and  beneath  it,  are  the 
grate  and  its  ash-pit.  The  smoke  passes  ofl*  through  two  equi-distant  pipes  into  the  chim- 
ney. The  oven  is  surrounded  with  four  pillars,  on  whose  top  a  stone  lintel  is  laid :  a  is 
the  grate,  9  inches  below  the  sole  of  the  oven  6 ;  c  c  c  c  are  the  four  nine-inch  8tn»g 
pillars  of  brickwork  which  bear  the  lintel  m;  ddddddare  strong  nine-inch  pfllan, 
which  support  the  girder  and  joists  upon  which  perforated  plates  repose ;  <  denotes  a 
vaulted  arch  on  each  of  the  four  sides  of  the  oven ;  /  is  the  space  between  the  kfbi 
and  the  side  arch,  into  which  a  workman  may  enter,  to  inspect  and  clean  the  kQn ;  g  g , 
the  walls  on  either  side  of  the  kihi,  upon  which  the  arches  rest;  h,  the  space  for  the  ashes 
to  fall ;  fe,  the  fire-door  of  the  kiln ;  I  I,  junction-pieces  to  connect  the  pipes  r  r  with 
the  kiln;  the  mode  of  attaching  them  is  sho^  in  fig,  99.  These  smoke-pipes  lie 
about  three  feet  under  the  iron  plates,  and  at  the  same  distance  from  the  side  walls; 
ihej  are  snpported  upon  iron  props,  which  are  made  fast  to  the  arches.  la  >lf  •  9^  « 
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lows  their  scctkm ;  at  «  Jig.  99,  they  enter  the  chimney,  which  is  provided  with  two 
agister  or  damper  plates,  to  regulate  the  draught  through  the  pipes.  These  rqg^isteri 
;e  represented  by  /  /,  fig.  100,  which  shows  a  perpendicular  section  or  the  chkiney. 
i»  fiS'  ^  lintel  which  causes  the  heated  air  to  spread  laterally  instead  of 
icending  in  one  mass  in  the  middle,  and  prevents  any  combustible  particles  from  falling 
pon  the  iron  cupola,  n  n  are  the  main  girders  of  iron  for  the  iron  beams  o  o,  upon 
'hich  the  perforated  plates  p  lie;  qyfig*  98,  is  the  vapor  pipe  in  the  middle  of  the  roof, 
'hich  allows  the  steam  of  the  drying  malt  to  escape.  The  kiln  may  be  heated  either 
ith  coal  or  wood. 

The  size  of  this  kiln  is  about  20  feet  square ;  but  it  may  be  made  proportionally  either 
nailer  or  greater.  The  perforated  floor  should  be  large  enough  to  receive  the  contents 
Tone  steep  or  couch. 

The  perforated  plate  might  be  conveniently  heated  by  steam  pipes,  laid  zig-zag,  or  in 
srallel  Lues  under  3t ;  or  a  wire-gauze  web  might  be  stretched  upon  such  pipes.  The 
rvMMlen  joists  of  a  common  floor  would  answer  perfectly  to  support  this  steam-range,  and 
!ie  heat  of  the  pipes  would  cause  an  abundant  circulation  of  air.  For  drying  the  pale 
isdt  of  the  ale  brewer,  this  plan  is  particularly  well  adapted. 

The  kiln-dried  malt  is  sometimes  ground  between  stones  in  a  common  com  mill,  like 
mfrritiml  •  but  it  Is  morc  generally  crushed  between  iron  rollers,  at  least  for  the  purposet 
£  the  London  brewers. 
The  crushing  milL^The  cylinder  malt-mill  is  constructed  as  shown  in  figs.  101,  102. 
is  the  sloping- tjough,  by  which  the  malt  is  let  down  from  its  bin  or  floor  to  the 


l.erives  its  rotatory  motion  from  a  pair  of  equal-toothed  wheels  H,  which  are  fitted  to 
^e  other  end  of  the  axes  of  the  rollers,  d  is  a  catch  which  works  into  the  teeth  of 
^  ratchet-wheel  on  the  end  of  one  of  the  rollers  (not  shown  in  this  view.)  The  lever 
strikes  the  trough  6  at  the  bottom  of  the  hopper,  and  gives  it  the  shaking  motion  for 
discharging  the  malt  between  the  rollers,  from  the  slide  sluice  a.  e  e,fig,  101,  are 
scraper-plates  of  sheet  iron,  the  edges  of  which  press  by  a  weight  against  the  surflices 
C3f  the  rulers,  and  keep  them  clean. 

Instead  of  the  cylinders,  some  employ  a  crushing  mill  of  a  conical-grooved  form  like  a 
caofiee-mOl,  upon  a  large  scale.    (See  the  general  plan^  tn/rd.) 

The  maxhing  and  &7t7tng.— Mashing  is  the  operation  by  which  the  wort  is  extracted, 
«3r  eliminated  froifi  the  malt,  and  whereby  a  saccharo-mucilaginous  extract  is  made 
dram  it.   The  malt  should  not  in  general  be  ground  into  a  fine  meal,  for  in  that  case 
MA,  would  be  apt  to  form  a  cohesive  paste  with  hot  water,  or  to  set,  as  it  is  called,  and  to 
^  difficult  to  drain.   In  crashed  malt,  the  husk  remains  nearly  entire,  and  thus  helps 
^  keep  the  farinaceous  particles  open  and  porous  to  the  action  of  the  water.    The  bulk 
the  crushed  malt  is  about  one  fifth  greater  than  that  of  the  whole,  or  one  bushel  of 
■xah  f!ives  a  bushel  and  a  quarter  of  crashed  malt.   This  is  frequently  allowed  to  lie 
^  few  days  in  a  cool  place,  in  order  that  it  may  attract  moisture  from  the  air,  which  it 
<loes  very  readily  by  its  hygrometric  power.   Thus,  the  farinaceous  substance  which  had 
^Ka  indurated  in  the  kiln,  becomes  soft,  spongy,  and  fit  for  the  ensuing  process  of  watery 
^xtnetkm. 

Mishing  has  not  for  its  object  merely  to  dissolve  the  sugar  and  gum  already  present 
ii  ibe  malt,  hut  also  to  convert  into  a  sweet  mucilage  the  starch  which  had  remained 
^Bdanged  during  the  germination.   We  have  already  stated  that  starch,  mixed  with 
^ttea,  and  digested  for  some  time  with  hot  water,  becomes  a  species  of  sugar.  This 
coivernon  takes  place  in  the  mash-tun.   The  malted  barley  contains  not  only  a  portion 
bat  dioMiau  more  than  snfllcient  to  convert  the  starch  contained  in  it,  by  this 
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hopper  A  of  the  mill,  whence 
it  is  progressively  shaken  in 
between  the  rollers  B  D.  The 
rollers  are  of  iron,  truly  cylin* 
drical,  and  their  ends  rest  in 
bearers  of  hard  brass,  fitted  into 
the  side  frames  of  iron.  A  screw 
£  goes  through  the  upright, 
and  serves  to  force  the  bearer 
of  the  one  roller  towards  that  of 
the  other,  so  as  to  bring  them 
closer  t<Mrether  when  the  crash- 
ing efifect  is  to  be  increased.  G 
is  the  square  end  of  the  axis, 
by  which  one  of  the  rollers 
may  be  tamed  either  by  the 
hand  or  by  power;  the  other 
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The  meftTclies  of  Payen  and  Peraoz  show,  that  the  mucilage  fbrtned  by  the  reactioB 
of  malt  upon  starch,  may  either  be  converted  into  sajsrar,  or  be  made  into  permaaent 
gum,  according  to  the  temperatnre  of  the  water  in  which  the  materials  are  digested. 
We  take  of  pale  barley  malt,  ground  fine,fVom  6  to  10  parts,  and  100  parts  of  starch;  we 
heat,  by  means  of  a  water-bath,  400  parts  of  water  in  a  copper,  to  about  80*  F. ;  we 
then  stir  in  the  malt,  and  increase  the  heat  to  140^  F.,  when  we  add  the  sUbA, 
and  stir  well  together.  We  next  raise  the  temperature  to  158°,  and  endeavor  to 
maintain  it  constantly  at  that  point,  or  at  least  to  keep  it  within  the  limits  of  167*  on 
the  one  side,  and  158®  on  the  other.  At  the  end  of  20  or  30  minutes,  the  original  milky 
and  pasty  solution  becomes  thinner,  and  soon  aAer  as  fluid  nearly  as  water.  This  m  the 
moment  in  which  the  starch  is  converted  into  gum,  or  into  that  subetance  which  the 
French  chemists  call  dextrinif  from  its  power  of  polarizing  light  to  the  right  hand,  whereas 
common  gum  does  it  to  the  lefl.  If  this  merely  mucilaginous  solntbn,  which  seems  to 
be  a  mixture  of  gum  with  a  little  liquid  starch  and  stfgar,  be  suitably  evaporated,  it  may 
serve  for  various  purposes  in  the  arts  to  which  gum  is  applied,  Ixit  with  this  view,  it 
must  be  quickly  raised  to  the  boiling  point,  to  prevent  the  farther  operation  of  the  niah 
upon  it.  If  we  wish,  on  the  contrary,  however,  to  promote  the  saccharine  fermeatatioOy 
for  the  formation  of  beer,  we  must  maintain  the  temperature  at  between  158**  and  167* 
for  three  or  four  hours,  when  the  greatest  part  of  the  gum  will  have  passed  into  sugar, 
and  by  evaporation  of  the  liquid  at  the  same  temperature,  a  starch  sirup  may  be  obtained 
like  that  procured  by  the  action  of  sulphuric  acid  upon  starch.  The  substance,  which  oper- 
ates in  the  formation  of  sugar,  or  is  the  peculiar  ferment  of  the  sugar  fermentation,  may 
be  considered  as  a  residuum  of  the  eluten  or  vegetable  albumen  in  the  genninating 
grain :  it  is  reckoned  by  Payen  and  Persoz,  a  new  proximate  principle  called  diaatau^ 
which  is  formed  during  malting,  in  the  i^rnins  of  barley,  oats,  and  wheat,  and  may  be 
separated  in  a  pure  state,  if  we  moisten  the  mall  flour  for  a  few  minutes  in  cold  water, 
press  it  out  strongly,  filter  the  solution,  nnd  heat  the  clear  liquid  in  a  water  bath,  to  the 
temperature  of  158^.  The  sreater  part  of  thnt  albuminous  azotized  substance  is  thus 
coagulated,  and  is  to  be  separated  by  a  fresh  filtration ;  after  which,  the  clear  liquid  is 
to  be  treated  with  alcohol,  when  a  flocky  precipitate  appears,  which  is  diastate.  To  pu- 
rify it  still  further,  especially  from  the  azntized  matter,  we  should  dissolve  it  in 
water,  and  precipitate  again  with  alcohol.  When  dried  at  a  low  temperaturp,  it  appears 
as  a  solid  white  substance,  which  contains  no  azote ;  is  insoluble  in  alcohol,  but  dissolves 
in  water  and  proof  spirit  Its  solution  is  neutral  and  tasteless ;  when  left  to  itself,  it 
changes  with  greater  or  less  rapidity  according  to  the  temperature,  and  becomes  sour  at 
a  temperatiue  of  from  149®  to  167®.  It  has  the  property  of  converting  starch  into  gum 
(dextrine)  and  sugar,  and  indeed,  when  sufliciently  pure,  with  such  energy  that  one 
part  of  it  disposes  2000  parts  of  dry  starch  to  that  change,  but  it  operates  the  quicker  the 
greater  its  quantity.  Whenever  the  solution  of  diastase  with  starch  or  with  dextrine  is 
heated  to  the  boiling  point,  it  loses  the  sugar-fermenting  property.  One  bundled  parts 
of  well-malted  starch  appear  to  contain  about  one  part  of  this  substance. 

We  can  now  understand  the  theory  of  malting,  and  the  limits  between  which  the 
temperature  of  the  liquor  ought  to  be  maintained  in  this  operation;  namely,  the  raute 
between  157®  and  160®  F.   It  has  been  ascertained  as  a  principle  in  mashimr,  that 
the  best  and  soundest  extract  of  the  malt  is  to  be  obtained,  first  of  all,  by  b^nnning  to  ^ 
work  with  water  at  the  lowest  of  these  heats,  and  to  conclude  the  mash        water  at 
the  highest.   Secondly,  not  to  operate  the  extraction  at  once  with  the  whole  of  the  water  " 
that  is  to  be  employed ;  but  with  separate  portions  and  by  degrees.   The  first  portion  is 
added  with  the  view  of  penetrating  equally  the  crushed  malt,  and  of  extracting  the  -a 
already  formed  sugar  j  the  next  for  eflfecting  the  sugar  fermentation  by  the  action  of  the  « 
diastase.'  By  this  means,  also,  the  starch  is  not  allowed  to  run  into  a  cohesive  paste, and 
the  extract  is  more  easily  drained  from  the  poorer  mass,  and  comes  off  in  the  form  of  a-^ 
nearly  limpid  wort.   The  thicker,  moreover,  or  the  less  diluted  the  mash  is,  so  much  tiie^ 
easier  is  the  wort  fined  in  the  boiler  or  copper  by  the  coagulation  of  the  albuminous^ 
matter :  these  principles  illustrate,  in  every  condition,  the  true  mode  of  cimducUng^ 
the  mashing  process ;  but  different  kinds  of  malt  require  a  different  treatment.  Pale^ 
and  slightly  kilned  malt  requires  a  somewhat  lower  heat  than  malt  highly  kilnctl,  because^ 
the  former  has  more  undecomposed  starch,  and  is  more  ready  to  become  pasty.  The^S 
former  also,  for  the  same  reason,  needs  a  more  leisurely  infusion  than  the  latter,  for  itiM 
conversion  into  mucilaginous  suear.    The  more  sugar  the  malt  contains,  the  more  is  iti^ 
saecharine  fermentation  accelerated  by  the  action  of  the  dia<&tase.   What  has  been  herc^ 
said  of  pale  malt,  is  still  more  applicable  to  the  case  of  a  mixture  of  raw  grain  with  malt^  - 
for  it  requires  still  gentler  heats,  and  more  cautious  treatment. 

UI.  The  mosh-tun  is  a  large  circuhir  tub  with  a  double  bottom ;  the  uppermost  oT^ 
which  is  called  a  false  bottom,  and  is  pierced  with  many  holes.  There  is  a*  space  of  aboo^^ 
2  or  3  inches  between  the  two,  into  which  the  stopcocks  enter,  for  letting  in  the  wate^= 
and  drawing  off  the  wort.  The  holes  of  the  false  bottom  should  be  burned,  and  not  bored^ 
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M  fiefCBt  the  chftBee  of  their  filling  up  by  the  swelling  of  the  wood,  which  would 
iWiraet  the  dimtnage :  the  holes  should  be  conical,  and  largest  below,  being  about  f  of 
«i  mA  there,  and  |  at  the  upper  surface.  The  perforated  bottom  must  be  fitted  troly 
m  Uie  sides  of  the  mash-tun,  so  that  no  grains  may  pass  through.  The  mashed  liquor  is 
klaff  into  a  large  back,  from  which  it  is  pumped  into  the  wort  coppers.  The  mash-tun 
■  porkled  with  a  peculiar  rotatory  apparatus  for  agitating  the  cnushed  grains  and  water 
lifedier,  which  we  shall  presently  describe.  The  size  of  the  wort  copper  is  proportional 
to  Ike  amount  of  the  brewing,  and  it  must,  in  general,  be  at  least  so  large  as  to 
opsite  upon  the  whole  quantity  of  wort  made  from  one  mashing ;  that  is,  for  erery 
fisrtcr  of  malt  mashed,  the  copper  should  contain  140  gallons.  The  mash-tun  ought  to 
be  Bl  leiflt  a  third  larger,  and  of  a  conical  form,  somewhat  wider  below  than  aboTe. 
IV  qoaatity  of  water  to  be  employed  for  mashing,  or  the  extraction  of  the  wort,  de- 
pods  upoD  the  greater  or  less  strength  to  be  giren  to  the  beer.  The  seeds  of  the  crushed 
■sk,  alier  the  wort  is  drawn  off,  retain  still  about  32  gallons  of  water  for  CTery  quarter 
<f  Bah.  In  the  boiling,  and  evaporation  from  the  coolers,  40  gallons  of  water  are  dis- 
apited  from  one  quarter  of  malt ;  constituting  72  gallon^n  all.  If  13  quarters  of  bailey 
W  tskea  to  make  1500  gaUons  of  beer,  2400  gallons  of  water  must  therefore  be  required 
fcr  the  washing.  This  example  wiU  give  an  idea  of  the  proportions  for  an  ordinary 
fsdity  of  beer. 

When  the  mash  is  to  begin,  the  copper  must  be  filled  with  water,  and  heated.  As  soon 
•i  the  water  has  attained  the  heat  of  145^  in  summer,  or  167"  in  winter,  600  gallons  of  it 
■re  ts  be  ma  ofiT  into  the  mash-tun,  and  the  13  quarters  of  crushed  malt  are  to  be  ^du- 
■If  thrown  in  and  well  intermixed  by  proper  agitation,  so  that  It  may  be  uniformly 
■outcBcdyand  no  lumps  may  remain. ,  After  continuing  the  agitation  in  this  way  for  one 
hiir  or  three  qnartm  of  an  hour,  the  water  in  the  copper  will  have  approached  to  its 
boilisf  point,  when  4.50  gallons  at  the  temperature  of  about  200°  are  to  be  run  into  the 
■■sb-tim,  and  the  agitation  is  to  be  renewed  till  the  whole  assumes  on  equally  fluid 
Mtte:  the  tun  is  now  to  be  weU  covered  for  the  preservation  of  its  heat,  and  to  be 
■Boved  to  remain  at  rest  for  an  hour,  or  an  hour  and  a  half.  The  mean  temperature  of 
tUi  BBsh  may  be  reckoned  at  about  145®.  The  time  which  is  necessary  for  the  trana- 
■ntiiur  heat  of  the  remaining  starch  into  sugar  depends  on  the  quality  of  the  malt. 
BnrvB  malt  requires  less  time  than  pale  malt,  and  still  less  than  a  mixture  with  raw 
{nil,  as  afaeady  explained.  AAer  the  mash  has  rested  the  proper  time,  the  tap  of  the 
ta  is  opened,  and  the  clear  wort  is  to  be  drawn  out  into  the  under  back.  If  the  wort 
(bat  6nX  flows  is  turbid,  it  must  be  returned  into  the  tun,  till  it  runs  clear.  The  amount 
«f  tkii  first  wort  may  be  about  675  gallons.  Seven  hundred  and  fifty  gallons  of  water, 
X  tke  temperature  of  200^,  are  now  to  be  introduced  up  through  the  drained  malt,  into 
tke  tan,  and  the  mixture  is  to  be  agitated  tiU  it  becomes  uniform,  as  before.  The  mash- 
tn  ii  then  to  be  covered,  and  allowed  to  remain  at  rest  for  an  hour.  The  temperature 
«f  tUs  mash  b  from  167°  to  174°.  While  the  second  mash  is  making,  the  worts  of  the 
int  are  lo  be  pumped  into  the  wort  copper,  and  set  a-boiling  as  speedily  as  possible. 
TW  wort  of  the  second  mash  is  to  be  drawn  off  at  the  proper  time,  and  added  to  the 
■opper  as  fast  as  it  will  receive  it,  without  causing  the  ebullition  to  stop. 

A  Ihiid  quantity  of  water  amounting  to  600  gallons,  at  200°,  is  to  be  introduced  into 
tke  —sh  tun,  and  after  half  an  hour  is  to  be  drawn  off,  and  cither  pumped  into  the  wort 
«ger,  or  reserved  for  mashing  fresh  malt,  as  the  brewer  may  think  fit. 

iW  qoaatity  of  extract,  per  barrel  weight,  which  a  quarter  of  malt  yieMs  to  wort, 
■Mais  lo  about  84  lbs.  The  wort  of  the  first  extract  is  the  strongest ;  the  second  eon- 
toiv,  eoannoiily,  one  half  the  extract  of  the  first ;  and  the  third,  ope  half  of  the  second ; 
■MliBg  to  eirenmstanees. 

^  To  meaanre  the  degrees  of  concentration  of  the  worts  drawn  off  fttmi  the  ton,  a  par- 
Msr  form  of  hydrometer,  called  a  saccharometer,  is  employed,  which  indicates  the 
■Ober  of  pounds  weight  of  liquid  contained  in  a  barrel  of  36  gallons  imperial  measure. 

as  the  barrel  of  water  weighs  360  lbs.,  the  indication  of  the  instrument,  when 
iheri  in  any  wort,  shows  by  how  many  pounds  a  barrel  of  that  wort  is  heavier  than  a 
kard of  water;  thus,  if  the  instrum«it  sinks  with  its  poise  tiD  the  mark  10  is  upon  a 
be  with  the  surface  of  the  liquid,  it  indicates  that  a  barrel  of  that  wort  weighs  ten 
pmk  more  than  a  barrel  of  water.   6ee  Sacchakomctfr. 

Or,  sapposiag  the  barrel  of  wort  weighs  396  lbs.,  to  convert  that  number  into  specific 
VifiCjr,  we  have  the  following  simple  rule : — 

360  :  396  ::  100:  MOO; 
■I  which  deniity,  by  my  eiperiments,  the  wort  contains  25  per  cent,  of  solid  extract. 

Baviiig  been  employed  to  make  experiments  on  the  density  of  worts,  and  the  ferment 
^  changca  which  they  undergo,  for  the  information  of  a  committee  of  the  House  of 
C^BQM,  which  tat  in  July  and  August,  1830,  1  shall  here  introduce  a  short  abstract  ci 
teptft  of  my  evidcaee  whioh  hem  upon  the  present  subject. 

Iff  inC  ol^eet  was  to  deir  up  the  difllculties  which,  to  coounon  apprehension}  hog 
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over  the  matter,  from  the  difference  in  the  scales  of  the  sucfaarometers  in  use  wantmtf 
brewers  and  distillers  of  England  and  Scotland.  I  found  that  one  quarter  of  good  malr 
would  yield  to  the  porter-brewer  a  barrel  Imperial  measure  of  wort,  at  the  eoneentimte^ 
specific  gravity  of  1*234.  Now,  if  the  decimal  part  of  this  number  be  multiplied  bf 
360,  being  the  number  of  pounds  weight  of  water  in  the  barrel,  the  product  will  denote 
the  excess  in  pounds,  of  the  weight  of  a  barrel  of  such  concentrated  wort,  OTer  that  d 
a  barrel  of  water ;  and  that  product  is,  in  the  present  case,  84*24  pounds. 

Mr.  Martineau,  jun.,  of  the  house  of  Messrs.  Whitbread  and  Company,  and  a  sentl^ 
man  connected  with  another  great  London  brewery,  had  the  kindness  to  inform  me  that 
their  average  product  from  a  quarter  of  malt  was  a  barrel  of  84  lbs.  gravity.  It  is  ob- 
vious, therefore,  that  by  taking  the  mean  operation  of  two  such  great  establisluDeiits,  I 
must  have  arrived  very  nearly  at  the  truth. 

It  ought  to  be  remarked  that  such  a  high  density  of  wort  as  1*234  is  not  the  result  at 
any  direct  experiment  in  the  brewery,  for  infusion  of  malt  is  never  drawn  off  so  strong; 
that  density  is  deduced  by  computation  from  the  quantity  and  quality  of  several  sucees- 
sive  infusions ;  thus,  supposing  a  first  infusion  of  the  quarter  of  malt  to  yield  a  barrd  of 
specific  gravity  1*112,  a  Second  to  yieU  a  barrel  at  1*091,  and  a  third  a  barrel  at  1-031, 
we  shall  have  three  barrels  at  the  mean  of  these  three  numbers,  or  one  barrel  at  their 
sum,  equal  to  1*234. 

I  may  here  observe  that  the  arithmetical  mean  or  sum  is  not  the  true  mean  or  sum  of 
the  two  specific  gravities ;  J[)Ut  this  difference  is  either  not  known  or  disregarded  by  the 
brewers.  At  low  densities  this  difference  is  inconsiderable,  but  at  high  densities  it  would 
lead  to  serious  errors.  At  specific  gravity  1*231,  wort  or  sirup  contains  one  half  of  its 
weight  of  solid  pure  saccharuro,  and  at  1*1045  it  contains  one  fourth  of  its  weight;  but 
the  brewer's  rule,  when  here  applied,  gives  for  the  mean  specific  gravity  1*1155= 
1*23 1  4- 1*000;  ipjjg  contents  in  solid  saccharine  matter  at  that  density  are  however  271 
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per  cent.,  showing  the  rule  to  be  2|  lbs.  wrong  in  excess  on  100  lbs.,  or  9  lbs.  per  baird. 

The  specific  gravity  of  the  solid  dry  extract  of  malt  wort  is  1*264 ;  it  was  taken  in  ofl 
of  turpentine,  and  the  result  reduced  to  distilled  water  bs  unity.  Its  specific  volume  is 
0*791 1,  that  is,  10  lbs.  of  it  will  occupy  the  volume  of  7*911  lbs.  of  water.  The  mean 
specific  gravity,  by  computation  of  a  solution  of  that  extract  in  its  own  weight  (rf*  water. 
Is  1*1166;  but  by  experiment,  the  specific  gravity  of  that  solution  is  1*216,  showing 
considerable  condensation  of  volume  in  the  act  of  combination  with  water. 

The  following  Table  shows  the  relation  between  the  specific  gravities  of  solutions  of 
Bait  extract,  and  the  per-centage  of  solid  extract  they  contain : 


Eztr  Malt. 

Water. 

Mult  Extract  in  100. 

Sugar  in  100. 

Specific  gnritf. 

600  H 

600 

50*00 

47*00 

1*2160 

600 

900 

40*0 

3700 

1*1670 

600 

1200 

33*3 

31*50 

1*1350 

600 

1500 

28*57 

26*75 

1*1130 

600 

1800 

26  00 

24*00 

1*1000 

The  extract  of  malt  was  evaporated  to  dryness,  at  a  temperature  of  about  250^  F., 
without  the  slightest  injury  to  its  quality,  or  any  empyreumatic  smell.  Bate's  taUes 
have  been  constructed  on  solutions  of  sugar,  and  not  with  solutions  of  extract  of  malt, 
or  they  agree  suflSciently  well  with  the  former,  but  differ  materially  from  the  latter. 
Allan's  tables  give  the  amount  of  a  certain  form  of  solid  saccharine  matter  extracted 
from  malt,  and  dried  at  175°  F.,  in  correspondence  to  the  specific  gravity  of  the  solution; 
bat  I  have  found  it  impossible  to  make  a  solid  extract  from  infusions  of  malt,  except  at 
much  higher  temperatures  than  175°  F.  Indeed,  the  numbers  on  Allan's  saccharometet 
scale  dearly  show  that  his  extract  was  by  no  means  dry:  thus,  at  1*100  of  gravity  he 
assigns  29*669  per  cent,  of  solid  saccharine  matter ;  whereas  there  is  at  that  density  of 
solid  extract  only  25  per  cent.  Again,  at  1*135,  Allan  gives  40  parts  per  cent,  of  solid 
extract,  whereas  there  are  only  33|  present. 

By  the  triple  mashing  operations  above  described,  the  malt  is  so  much  exhausted  that 
it  can  yieki  no  further  extract  useful  for  strong  beer  or  porter.  A  weaker  wort  might 
no  doubt  still  be  drawn  off  for  small  beer,  or  for  contributing  a  little  to  the  strength  of 
the  next  ma»hing  of  fresh  malt.  But  this  I  believe  is  seldom  practised  by  respectable 
brewers,  as  it  impoverishes  the  grains  which  they  dispose  of  for  feeding  cattle. 

The  wort  should  be  transferred  into  the  copper,  and  made  to  boil  as  soon  as  possible, 
for  if  it  remains  long  in  the  under-back  it  is  apt  to  become  acescent.  The  steam  more- 
over raised  from  it  in  the  act  of  boilinfir  serves  to  screen  it  from  the  oxygenating  or  acidi- 
fying influence  of  the  atmosphere.  Until  it  begins  to  boil,  the  air  should  be  excluded 
Iqr  fome  kind  of  a  cover. 
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SometimeB  the  first  wort  is  brewed  hj  itself  into  strong  ale,  the  second  hy  itself  into  an 
iatennediate  quality ;  and  the  third  into  small  beer ;  but  this  praciiee  is  not  much  fol- 
lowed in  this  country. 

We  shall  now  treat  of  the  boiling  in  of  the  hops.  The  wort  drawn  from  the  mash- 
tuUf  whenever  it  is  pnmped  into  the  copper,  must  receive  its  allowance  of  hops.  Besides 
eraporating  off  a  portion  of  the  water,  and  thereby  concentrating  the  wort,  boiling  has  a 
twofold  object.  In  the  first  place,  it  coagulates  the  albuminous  matter,  partly  by  the 
heat,  and  partly  by  the  principles  in  the  hops,  and  thereby  causes  a  general  clarification 
of  the  whole  mass,  with  the  effect  of  separating  the  muddy  matters  in  a  flocculent  form. 
Secondly,  during  the  ebullition,  the  residuary  starch  and  hordeine  of  the  malt  are  eon- 
verted  into  a  limpid  sweetish  mucilage,  the  dextrine  above  described ;  while  some  of  the 
l^latinoos  stringy  matter  is  rendered  insoluble  by  the  tannin  principle  of  the  hops,  which 
iarors  still  further  the  clearing  of  the  won.  By  both  operations  the  keeping  quality 
of  the  beer  is  improved.  This  boil  must  be  continued  during  several  hours ;  a  longer 
Time  for  the  stronger,  and  a  shorter  for  the  weaker  beers.  There  is  usually  one  seventh 
or  one  sixth  part  of  the  water  dissipated  in  the  boiling  copper.  This  process  is  known 
Co  have  continued  a  sufficient  time,  if  the  separation  of  the  albuminous  flocks  is  distinet, 
mnd  if  these  are  found,  by  means  of  a  proof  gauge  suddenly  dipped  to  the  bottom,  to  be 
collected  there,  whUe  the  supernatant  liquor  has  become  limpid.  Two  or  three  boon* 
Iboil  is  deemed  long  enough  in  many  well-conducted  breweries ;  but  in  some  of  those  in 
JSelginm,  the  boiling  is  continued  from  10  to  15  hours,  a  period  certainly  detrimental  to 
"She  aroma  derived  Irom  the  hop. 

 Many  prefer  adding  the  hops  when  the  wort  has  just  come  to  the  boiling  point 

Their  effect  is  to  repress  the  further  progress  of  fermentation,  and  especially  the  passage 
anto  the  acetous  stage,  which  would  otherwise  inevitably  ensue  in  a  few  days.   In  Uus 
wespect,  no  other  vegetable  production  hitherto  discovered  can  be  a  substitute  for  the 
liop.   The  odorant  principle  is  not  so  readily  volatilized  as  would  at  first  be  imagined; 
^or  when  hop  is  mixed  with  strong  beer  wort  and  boiled  for  many  hours,  it  can  still 
.ampart  a  very  considerable  degree  of  its  flavor  to  weaker  beer.    By  mere  infusion  in 
Slot  beer  or  water,  without  boiling,  the  hop  loses  very  little  of  its  soluble  principles. 
^"The  tannin  of  the  hop  combines,  as  we  have  said,  with  the  vegetable  albumen  of  the 
liariey,  and  helps  to  clarify  the  liquor.    Should  there  be  a  deficiency  of  albumen  and 
platen,  in  consequence  of  the  mashing  having  been  done  at  such  a  heat  as  to  have  coagn- 
Jated  them  beforehand,  the  defect  may  be  remedied  by  the  addition  of  a  little  gelatine  to 
the  wort  copper,  either  in  the  form  of  calf's  foot,  or  of  a  little  isinglass.  If  the  hops  be 
boOed  in  the  wort  for  a  longer  period  than  5  or  6  hours,  they  lose  a  portion  of  their  fine 
flavor;  but  if  their  natural  flavor  be  rank,  a  little  extra  boiling  improves  it.  Many  brew- 
ers throw  the  hops  in  upon  the  surface  of  the  boiling  wort,  and  allow  them  to  swim  there 
for  some  time,  that  the  steam  may  penetrate  them,  and  open  their  pores  for  a  complete  so- 
lution of  their  principles  when  they  are  pushed  down  into  the  liquor.  It  is  proper  to  add 
the  hops  in  considerable  masses,  because,  in  tearing  them  asunder,  some  of  the  lupuline 
powder  is  apt  to  be  lost. 
The  quantity  of  hop  to  be  added  to  the  wort  varies  according  to  the  strength  of  the 
-    beer,  the  length  of  time  it  is  to  be  kept,  or  the  heat  of  the  climate  where  it  is  intended 
to  be  tent    For  strong  beer,  4i  lbs.  of  hops  are  required  to  a  quarter  of  malt,  when  it 
is  to  be  highly  aromatic  and  remarkably  clear.   For  the  stronger  kinds  of  ale  and 
porter,  the  rule,  in  England,  is  to  take  a  pound  of  hops  for  every  bushel  of  malt,  or  8  lbs. 
to  I  quarter.    Common  beer  has  seldom  more  than  a  quarter  of  a  pound  of  hops  to  the 
bushel  of  malt. 

It  has  been  attempted  to  form  an  extract  of  hops  by  boiling  in  covered  vessels,  so  as 
Qot  to  lose  the  oil,  and  to  add  this  instead  of  the  hop  itself  to  the  beer.  On  the  great 
Wile  this  method  has  no  practical  advantage,  because  the  extraction  of  the  hop  is  per- 
Teetly  accomplished  during  the  necessary  boiling  of  the  wort,  and  because  the  hop  ope- 
ntes  very  beneficially,  as  we  have  explained,  in  clarifying  the  beer.  Such  an  extract, 
i&oreover,  could  be  easily  adulterated. 

0/  the  Coolers, — ^The  contents  of  the  copper  are  run  into  what  is  called  the  hop- 
^k,  on  the  upper  part  of  which  is  fixed  a  drainer,  to  keep  back  the  hops.  The 
PUQip  is  placed  in  the  hop-back,  for  the  purpose  of  raising  the  wort  to  the  coolers, 
|»»aally  placed  in  an  airy  situation  upon  the  top  of  the  brewery.  Two  coolers  are 
indj»pensable  when  we  make  two  kinds  of  beer  from  the  same  brewing,  and  even  in 
*iugle  brewings,  called  gyles,  if  small  beer  is  to  be  made.  One  of  these  coolers  ought 
^  he  placed  above  the  level  of  the  other.  As  it  is  of  great  consequence  to  cool  the 
^orts  down  to  the  fermenting  pitch  as  fast  as  possible,  yarious  contrivances  have  been 
**>*de  for  effecting  this  purpose.  The  common  cooler  is  a  square  wooden  cistern,  about 
^  inches  deep,  and  of  such  an  extent  of  surface  that  the  whole  of  one  boil  may  only 
^^ccapy  2  inches,  or  thereabouts,  of  depth  in  it.  For  a  quantity  of  wort  equal  to  abo« 
gallons  its  area  should  be  at  least  54  feet  long  and  20  feet  wide.   The  teams  of 
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the  cooler  moBtbe  made  perfectly  water-tight  and  anootli,  lo  that  no  Uqnor  may  lodge  mm 
them  when  they  are  emptied.  The  utmost  cleanliness  is  required,  imd  an  occadow/ 
sweetening  with  lime-water. 

The  hot  wort  reaches  the  cooler  at  a  temperature  of  from  200^  to  208^,  aeeordingto 
the  power  of  the  pump.  Here  it  should  be  cooled  to  the  proper  temperature  for  the 
fermeoting  tun,  which  may  vary  from  54°  to  64®,  according  to  eircumstanees.  Tke 
refngeration  is  accomplished  by  the  evaporation  of  a  portion  of  the  liquor :  it  is  more 
rapid  in  proportion  to  the  extent  of  the  surface,  to  the  low  temperature,  and  the  drynen 
of  the  atmosphere  surrounding  the  cooler.  The  renewal  of  a  body  iX  cool  dry  air  bf 
the  agency  of  a  fan,  may  be  employed  with  great  advantage.  The  cooler  itsdf  most 
be  so  placed  that  its  surface  shall  be  fieely  exposed  to  the  prevailing  wind  of  the  distrieC, 
and  be  as  free  as  possible  from  the  eddy  of  surrounding  buildings.  It  is  thought  by  mans 
that  the  agiUlion  of  the  wort  during  its  cooling  is  hurtfuL  Were  the  roof  made  move- 
able, so  that  the  wort  could  be  readily  exposed,  in  a  clear  nigh^  to  the  aspect  of  the  dcy, 
it  would  cool  rapidly  by  evaporation,  on  the  principles  explained  by  Dr.  Wells,  in  his 

Essay  on  Dew." 

When  the  cooling  is  effected  by  evaporation  alone,  the  temperature  fhUs  very  skridy, 
even  in  cold  air,  if  it  be  loaded  vrith  moisture.  But  when  the  air  is  dry,  the  eraporatioB 
is  vuiorous,  and  the  moisture  exhaled  does  not  remain  incumbent  on  the  liquor,  as  in 
damp  weather,  but  is  diffused  widely  in  space.  Hence  we  can  understand  horw  vuft 
cools  so  rapidly  in  the  spring  and  autumn,  when  the  air  is  generally  dry,  and  even  more 
quickly  than  in  winter,  when  the  air  is  cooler,  but  loaded  with  moisture.  In  faet,  the 
cooling  process  goes  on  better  when  the  atmosphere  is  from  W  to  55°,  than  when  it  ftUs 
to  the  filing  point,  because  in  this  case,  if  the  air  be  still,  the  vapors  generated  remain 
OA  the  surface  of  the  liquor,  and  prevent  further  evaporation.  In  summer  the  cooling 
can  take  place  only  during  the  night. 

In  consequence  of  the  evaporatk>n  during  this  cooling  process,  the  bulk  of  the  worts 
is  considerably  reduced ;  thus,  if  the  temperature  at  the  beginning  was  208°,  and  if  it 
be  at  the  end  64°,  the  quantity  of  water  necessary  to  be  evaporated  to  proiduce  thtt 
refrigeration  would  be  nearly  |  of  the  whole,  putting  radiation  and  conduction  of  heat 
out  of  the  question.  The  effect  of  this  will  be  a  proportional  concentration  of  the 
beer. 

The  period  of  refrigeration  in  a  well-constructed  cooler,  amounts  to  6  or  7  hoars  in 
favorable  weather,  but  to  12  or  15  in  other  circumstances.  The  quality  of  the  beer  is 
much  improved  by  shortening  this  period ;  because,  in  consequence  of  the  great  surface 
which  the  wort  exposes  to  the  air,  it  readily  absorbs  oxgyen,  atid  passes  into  the  acetous 
fermentation  with  the  production  of  various  mouldy  spots ;  an  evil  to  which  ill-hopped 
beer  is  particularly  liaUe.  Various  schemes  have  been  contrived  to  cool  wort,  by  trans- 
mitting it  through  the  convolutions  of  a  pipe  inmiersed  in  cold  water.  The  best  plan 
is  to  expose  the  hot  wort  for  some  hours  freely  to  the  atmosphere  and  the  cooler,  when 
the  loss  of  heat  is  most  rapid  by  evaporation  and  other  means,  and  when  the  tempera- 
ture falls  to  100°,  or  thereby,  to  transmit  the  liquor  through  a  zig-zag  pipe,  laid  almost 
horizontally  in  a  trough  of  cold  water.  The  various  methods  described  under  JRefrigeni' 
tor  are  more  complex,  but  they  may  be  practised  in  many  situations  with  consideraUe  ad-  ' 
vantage. 

Whilst  the  wort  reposes  in  the  cooler,  it  lets  fall  a  slight  sediment,  which  oonsists 
partly  of  fine  flocks  of  coagulated  albumen  combined  with  tannin,  and  partly  of  starch, 
which  had  been  dissolved  at  the  high  temperature,  and  separates  at  the  lower.  The  wort 
should  be  perfectly  limpid,  for  a  muddy  liquor  never  produces  transparent  beer.  Sndi 
beer  contains,  besides  mucilaginous  sugar  and  gum,  usually  some  stareh,  which  even  re^ 
nains  aAer  the  fermentation,  and  hinders  its  clarifying,  and  gives  it  a  tendency  to  sour. 
The  wort  contains  more  starch  the  hotter  it  has  been  mash«l,  the  less  hops  have  been 
added,  and  the  shorter  time  it  has  been  boiled.  The  presence  of  starch  in  the  wort  may 
be  made  manifest  by  adding  a  little  solution  of  iodine  in  alcohol  to  it,  when  it  will  be- 
come immediately  blue.  We  thus  see  that  the  tranquil  cooling  of  wort  in  a  proper  ves- 
sel has  an  advantage  over  cooling  it  rapidly  by  a  refrigeratory  apparatus.  When  the 
wort  is  sufficiently  cool,  it  is  let  down  into  the  fermenting  tun.  In  this  transfer  the  cool- 
ing might  be  carried  several  degrees  lower,  were  the  wort  made  to  pass  down  throngh  a 
tube  enclosed  in  another  tube,  along  which  a  stream  of  cold  water  is  flowing  in  the  oppo- 
site direction,  as  we  have  described  in  the  sequel  of  Acetic  acid.  These  fermenting  tuns 
are  commonly  called  gyU-iuns,  or  working  tuns,  and  are  either  square  or  circular,  the 
latter  being  preferable  on  many  accounts. 

rV.  0/  the  Fermeniaiion. — In  the  great  London  breweries,  the  size  of  these  fermenting 
Inns  is  such  that  they  contain  from  1200  to  1500  barrels.  The  quantity  of  wort 
introduced  at  a  time  must,  however,  be  considerably  less  than  the  capacity  of  the  vend, 
to  allow  room  fbr  the  head  of  yeast  which  rises  during  the  process;  if  the  vessel  be 
cgrliadrieal,  this  bead  is  proportional  to  the  depth  of  the  worts.   In  certain  kinds  of 
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fermentation^  it  may  rise  to  a  third  of  that  depth.   In  general,  the  fermentation  proceecii 
more  uniformly  and  constantly  in  large  masse*,  because  they  are  little  infliiencfd  by  vi- 
cimitodes  of  temperature ;  smaller  vessels,  on  the  other  hand,  are  more  easily  handled. 
The  general  view  of  fermentation  will  be  foand  under  that  title;  I  shall  here  make  a 
few  remarks  on  what  is  peculiar  to  beer.    Duringr  the  fermentation  of  wort,  a  portion 
of  its  saccliarine  matter  is  converted  into  alcohol,  and  woit  thus  changed  is  beer.   It  u 
neeessar)'  that  this  conversion  of  the  sugar  be  only  partial,  for  beer  which  contains  no 
undecomposed  sugar  would  soon  turn  sour,  and  even  in  the  casks  its  alcohol  undergoes 
a  alow  fermentation  into  vinegnr.   The  amount  of  this  excens  of  sugar  is  greater  in 
proportion  to  the  strength  of  the  wort,  since  a  certain  quantity  of  alcohd,  already 
Ibnned,  prevents  the  operation  of  the  ferment  on  the  remaining  wort.   Temperature  has 
Che  greatest  influence  upon  the  fermentation  of  wort.    A  temperature  of  from  55"  to  60^ 
of  Uie  liquor,  when  that  of  the  atmosj-here  is  55°,  is  most  advantageous  for  the 
omnmencement.   The  warmth  of  the  wort  as  it  comes  into  the  g}'le-tnn  must  be  modi- 
fied by  that  of  the  air  in  the  apartment.    In  winter,  when  this  apartment  is  cold,  the 
-wort  should  not  be  cooled  under      or  60",  as  in  that  case  the  fermentation  woald  be 
tedious  or  interrupted,  and  the  wort  liable  to  spoil  or  become  sour.   In  snmmer,  when 
Um*  Umperatore  of  the  place  rise*  to  above  75^,  the  wort  should  be  cooled,  if  possible, 
down  to  hfy*,  for  which  purpose  it  should  be  let  in  by  the  system  of  doable  pipes,  above 
mrationcd.   The  hisher  the  temperature  of  the  wort,  the  sooner  will  the  fermentation 
h^in  and  end,  and  the  less  is  it  in  our  power  to  reguhite  its  progress.   The  expert 
brewer  miist  steer  a  middle  course  between  these  two  extremes,  which  threaten  to  de- 
rtroy  his  labors.   In  some  breweries  a  convoluted  pipe  is  made  to  traverse  or  go  round 
the  sides  of  the  g^-le-tun,  through  which  warm  water  is  allowed  to  flow  in  winter,  and 
cold  u  summer,  so  as  to  modify  the  temperature  of  the  mass  to  the  proper  fermenting 
pitch.    If  there  be  no  contrivance  of  this  kind,  the  apartment  may  be  cooled  in  summer, 
by  suspending  wet  cam-ass  opposite  the  windows  in  warm  weather,  and  kindling  a  small 
stove  withm  it  in  cold. 

When  the  wort  is  discharged  into  the  gyle-tun,  it  must  receive  its  dose  of  yeast,  which 
has  been  previously  mixed  with  a  quantity  of  the  wort,  and  left  in  a  warm  place  tm  it 
tes  begun  to  fennent.  This  mixture,  called  lobb,  is  then  to  be  put  into  the  tun,  and  stir 
red  well  through  the  mass.  The  yeast  should  be  taken  from  similar  beer.  lu  quantity 
mast  depend  upon  the  temperature,  strength,  and  quantity  of  the  wort.  In  genwal,  one 
galton  of  yeast  is  suflicient  to  set  100  gallons  of  wort  in  complete  fermentation.  An  ex- 
cess of  yeast  is  to  be  avoided,  lest  the  fermentaiion  shouhl  be  loo  violent,  and  be  flnishcd 
u  less  than  the  proper  period  of  6  or  8  days.  More  yeast  is  required  in  winter  than  in 
sammer;  for,  at  a  temperature  of  50*>,  »  double  quantity  may  be  used  to  that  at  68". 

Six  or  ei«hi  hours  after  addinc  the  yeast,  the  tun  being  meanwhile  covered,  the  fer- 
mentation  becomes  active  :  a  white  milky-looking  froth  appears,  first  on  the  middle,  and 
spareads  gradually  over  the  whole  surface ;  bit  continues  highest  in  the  middle,  forming 
a  frothy  elevation,  the  height  of  which  increav^  with  the  progress  of  the  fermentation, 
ind  whoM?  color  gradually  changes  to  a  bright  brown,  the  result,  apparenUy,  of  the  oxy- 
duion  of  the  extractive  contained  in  this  yeasty  top.   This  covering  screens  the  wort 
from  the  contact  of  the  atmospherical  air.   During  this  time,  there  is  a  perpetual  disen- 
gigement  of  carbonic  acid  gas,  which  is  proportional  to  the  quantity  of  \ugar  eonvertcd 
iaio  alcohol.   The  warmth  of  the  fermenting  liquid  mereases  at  the  same  time,  and  is  at 
a  maximum  when  the  fermentation  has  come  to  its  high<!st  point.   This  increase  of 
temperature  amounts  to  from  9°  to  14**  or  upwards,  and  is  the  greater  the  more  rapid  the 
fermentation.   But  in  general,  the  fermentation  is  not  allowed  to  proceed  so  ikr  in  the 
gyle-tun,  for  after  it  is  advanced  a  little  way,  the  beer  is  cUanstd,  that  is,  drawn  oflf  into 
other  vessels,  which  are  lai^  barrels  set  on  end,  with  large  o^Knings  in  their  top,  fur- 
nished with  a  sloping  tray  for  discharging  an  excess  of  yeast  into  ih«;  wooden  trough,  in 
^hich  the  ttilliotu  stand.   These  ttiUions  are  placed  in  communication  with  a  store^tub, 
^hich  keeps  them  always  full,  by  hydrostatic  pressure,  so"  that  the  head  of  yeast  may 
spontaneously  flow  over,  and  keep  the  body  of  liquor  in  the  cask  cleaa.   This  apparatus 
Win  be  explained  in  describing  the  brewery  plant.   See  the  figures^  infra. 

It  must  be  observed,  that  the  quantity  of  yeast,  and  the  heat  of  fennenmtion,  differ 
every  different  quality  of  beer.    For  mild  ale,  when  the  fermentation  ha«  reached  7^ 
JJa  first  flavor  begins;  at  80°  the  flavor  increases;  at  85°  it  approaches  the  high 
t&sTor;  at  90°  it  is  hii?h;  but  it  may  be  carried  to  100°  and  upwards,  for  particalar 
Y^vrposes.    A  wort  of  301bs.  per  barrel  (sp.  gr.  1-088),  oui?ht  to  increase  about  15*, 
*o  that  in  order  to  arrive  at  80°,  it  should  be  set  at  65°.   The  quantity  of  yeast  for  such 
ale  should  be  from  2  to  3  lbs.  per  barrel.   The  higher  the  heat,  the  less  yeast  is  ne- 
cessary.  If  the  heat  of  the  fermentation  should  at  any  time  fall,  it  must  be  raised  by  a 
^^pply  of  fresh  yeast,  well  stirred  in;  but  this  practice  is  not  adnsable  in  general, 
^s^anse  rousing  the  worts  in  the  gyle-ton  is  apt  to  communicate  a  rank  flavor  of  yeatt 
to  the  lie.   It  is  the  practice  of  many  experienced  brewers  to  kxik  every  2  hours  into  the 
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gjle-tun,  chiefly  with  the  view  of  ohsenring  the  progress  of  the  heat,  which  is  km  at 
first,  but  aAerwards  often  increases  half  a  decree  per  hour,  and  subsequently  dedinef.as 
the  ferment  alien  approaches  its  conclusion,  till  at  length  the  heat  becomes  uniform^  or 
sometimes  decreases,  before  the  fermentation  is  finished,  especially  where  the  quantity 
operated  upon  is  small. 

Some  brewers  recommend,  when  the  fermentation  is  carried  to  its  utmost  period,  to  add 
about  7  lbs.  of  wheat  or  bean  flour  to  a  fsyle-tun  of  25  or  30  barrels,  at  the  time  of  dean- 
sing,  so  as  to  quicken  the  discharge  of  the  yeast,  by  disengagement  of  more  carbonic  acid. 
The  flour  should  be  whisked  up  in  a  pail,  with  some  of  the  beer,  till  the  lumps  are  bro- 
ken, and  then  poured  in.  By  early  cleansing,  the  yeast  is  preserved  longer  in  a  stale 
proper  for  a  perfect  fermentation  than  by  a  contrary  practice. 

For  old  ale,  which  is  to  be  long  kept,  the  heat  of  the  fermentation  should  not  ezeeed 
75®,  but  a  longer  time  is  required  to  complete  the  fermentation  and  ensure  the  future 
good  flavor  of  the  ale. 

For  porter,  the  general  practice  is,  to  use  from  4  to  4|  lbs.  of  hops  per  barrel  for  keep- 
ing ;  though  what  is  termed  mild  or  mixing  porter,  has  not  more  than  3  or  3|  lbs.  llie 
heat  of  fermentation  must  not  exceed  70°,  and  begin  about  60°.  If  the  heat  tend  to  ib* 
crease  much  above  that  pitch  in  the  gyle-tun,  the  porter  shoukl  be  cleansetJ,  by  means  of 
the  stillions.  At  this  period  of  the  fermentation,  care  should  be  taken  that  the  sweetoesB 
of  the  malt  be  removed,  for  which  purpose  more  yeast  may  be  used  thaa  with  any  other 
beer  of  the  same  strength.  The  quantity  is  from  3  to  4  lbs.  per  barrel,  rousing  the  wwt 
in  the  gyle-tun  every  2  hours  in  the  day-time. 

When  the  plan  of  cleansing  casks  is  not  employed,  the  yeast  is  removed  from  the 
surface  of  the  fermenting  tun  by  a  skimmer,  and  the  clear  beer  beneath  is  then  drawn 
oflf  into  the  ripening  tuns,  called  store-vafSy  in  which  it  is  mixed  up  with  different  brew- 
ings, to  suit  the  taste  of  the  customers.  This  transfer  must  take  place  whenever  the 
extrication  of  carbonic  acid  has  neatly  erased  i  left  the  alcohol  Ibrmed  should  dissolve 
some  of  the  floating  yeast,  acquiie  thereby  a  disagreeable  tastr,  and  pa»s  partially  into 
the  acetous  state. 

In  this  process,  durin?  the  formation  of  vinous  spirit  at  the  expense  of  the  sugar,  the 
albumen  and  gluten  diflfused  through  the  beer,  being  acted  upon  by  the  alcohol,  become 
insoluble;  one  portion  of  them  is  buoyed  to  the  top  with  the  carbonic  acid  gas,  to  form 
the  frothy  yeast ;  and  another  portion  falls  to  form  the  bottom  barm.  The  former  con« 
sists  of  the  same  materials  as  the  wort,  with  a  large  proportion  of  gluten,  which  formf 
its  active  constituent;  the  latter  is  a  peculiar  deposite,  consisting  of  the  same  gluten  mixed 
with  the  various  dense  impurities  of  the  wort,  and  may  be  also  used  as  a  ferment,  but  is 
cruder  than  the  floating  yeast.  The  amount  of  yehsX  is  proportional  to  the  activity  cf  the 
fermentation,  or  extrication  of  carbonic  acid  gas,  as  also  to  the  heat  of  the  mashing  pro- 
cess, and  the  quantity  of  starch  or  flour  unaltered  by  germination.  Pale  malt  affords^ 
usually,  more  yeast  than  malt  highly  kilned.  When  the  yeast  becomes  excessive,  from 
too  violent  fermentation,  it  should  be  skimmed  oflTfrom  time  to  time,  which  will  tend  to 
cool  the  liquor  and  moderate  the  intestine  changes. 

After  the  beer  is  let  down  into  the  c/ose  store-tuns  in  the  cellar,  an  obscure  ferroenta- 
tion  goes  on,  for  a  considerable  period,  in  its  body,  which  increases  its  spirituous  strength, 
and  keeps  up  iif  it  a  constant  impregnation  of  carbonic  acid  gas,  so  as  to  render  it  lively 
and  agreeable  to  the  taste,  when  it  is  casked  oflf  for  sale.  It  would  appear  that  beer  is 
never  stationary  in  quality,  while  it  is  contained  in  the  tuns ;  for  the  moment  when  it 
ceases  to  improve  by  the  decomposition  of  its  residuary  sugar,  it  begins  to  degenerate 
into  vinegar.  This  result  may  be  produced  either  by  the  exhaustion  of  the  saccharine, 
or  by  the  fermentative  matter.  The  store  cellar  should  therefore  be  under  ground,  free 
from  alternations  of  temperature,  vibrations  of  carriages,  and  as  cool  as  possible.  In  the 
great  London  breweries  the  fermentation  is  rendered  very  complete  in  the  cleansing 
butts ;  so  that  a  slow  and  steady  ripening  is  ensured  in  the  great  store-tuns.  The  gyle- 
tuns  are  too  capacious  to  permit  the  fermentation  to  be  finished,  with  either  safety  or 
sufllcient  despatch  in  them. 

V.  Of  ripening  differknt  kinds  or  Beek.— The  varieties  of  beer  depend  either  upon 
the  diflTerence  of  their  materials,  or  from  a  diflferent  management  of  the  brewing  processes. 

With  regurd  to  the  materials,  beers  differ  in  the  proportion  of  their  malt,  hops,  and 
water;  and  ift  the  different  kinds  of  malt  or  other  grain.  To  the  class  of  table  or 
small  beers,  all  those  sorts  may  be  referred  whose  specific  gravity  does  not  exceed  1*025, 
which  contain  about  5  per  cent,  of  malt  extract,  or  nearly  18  pounds  per  barrel.  Beers 
of  middling  strength  may  be  reckoned  those  between  the  density  of  1-025  and  1-0405 
which  conUin  at  the  average  7  per  cent,  or  25  pounds  per  barrel.  The  latter  may 
be  made  with  400  quarters  of  malt  to  1600  barrels  of  beer.  Stronger  beers  have  a 
spedfic  gravity  of  from  1*050  to  1*080,  and  take  from  45  to  75  quarters  of  malt  to 
the  same  quantity  of  beer.  The  strongest  beer  found  in  the  market  is  some  of  the 
English  and  Scotch  ales,  for  which  from  18  to  27  quarters  of  malt  are  taken  for  1600 
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SiDoM  of  beer.  Good  porter  requires  from  16  to  18  quarters  for  that  quantity.  Bec.s 
ire  •omctimes  made  with  the  addition  of  other  farinaceous  matter  to  the  malt ;  but 
vfcn  the  Utter  constitutes  the  main  portion  of  the  grain,  the  maltinsr  of  the  other 
kisdi  of  com  becomes  unnecessary,  for  the  diastase  of  the  barley-malt  chanm  the 
Mtreh  into  sugar  during  the  mashing  operation.  Even  with  entirely  raw  srrain,  beer 
■  made  in  some  parts  of  the  Continent,  the  brewers  trusting  the  conversion  of  the 
tttrdi  into  sagar  to  the  action  of  the  gluten  alone,  at  a  ]ow  mashing  temperature,  on 
Ike  principle  of  Saassure's  and  KirchofTs  researchpK. 

The  eokir  of  the  beer  depends  upon  the  color  of  the  matt,  and  the  duration  of  the 
koil  m  the  copper.  The  pale  ale  is  made,  as  we  have  stated,  from  steam  or  sun-dried 
OMh,  and  the  young  shoots  of  the  hop ;  the  deep  yellow  ale  from  a  mixture  of  pale 
jreOow  and  brown  malt;  and  the  dark  brown  beer  from  well-kilned  and  partly  ear- 
boaiied  malt,  mixed  with  a  good  deal  of  the  pale,  to  give  body.  The  longer-  and  more 
Kreagly  heated  the  malt  has  been  in  the  kiln,  the  less  weight  of  extract,  cateris  paribuM^ 
does  it  afford.  In  making  the  fine  mild  ales,  hish  temperatures  ourht  to  be  avoided, 
ltd  the  yeast  ought  to  be  skimmed  off,  or  ollowed  to  flow  very  readily  from  its  top,  by 
Maat  of  the  cleansing  butt  system,  so  that  little  ferment  being  leA  in  it  to  decompose 
Ike  rest  of  the  sugar,  the  sweetness  may  remain  unimpaired.  With  regard  to  porter, 
in  certain  breweries,  each  of  the  three  kinds  of  malt  employed  for  it  is  separately 
■ashed,  after  whieh  the  first  and  the  half  of  the  second  wort  is  boiled  along  with  the 
whole  oiif  the  hops,  and  thence  cooled  and  set  to  ferment  in  the  gyle-tun.  The  third 
irawB  wort,  with  the  remaining  half  of  the  second,  is  then  boiled  with  the  same  hopl^ 
mwtd  by  the  drainer,  and,  after  cooling,  added  to  the  former  in  the  gyle-tun,  when  the 
two  DDst  be  well  roused  together. 

It  is  obriooM,  from  the  preceding  development  of  principles,  that  all  amylaceous  and 
SMchariae  materials,  such  as  potatoes,  beans,  turnips,  as  well  as  cane  and  starch  sirup, 
Bolaneii,  may  be  used  in  brewing  beer.  When,  however,  a  superior  quality  of 
brown  beer  is  defired,  malted  barley  is  indLspen^able,  and  even  with  these  substitutei 
a  auxtnre  of  it  is  most  advantageous.  The  washed  roots  of  the  common  carrot,  of  the 
red  and  yellow  beet,  or  of  the  potato,  must  be  first  boiled  in  water,  and  then  mashed 
tatoapnlp.  This  pulp  must  be  mixed  with  water  in  the  copper,  along  with  wheaten 
m  oat  meal,  and  the  proper  quantity  of  hops,  then  boiled  during  8  or  9  hours.  This 
wan  is  to  be  cooled  in  the  usual  way,  and  fermented,  with  the  addition  of  yeatt 
A  maeh  better  process  is  that  now  practised,  on  a  considerable  scale,  at  Strasbourg,  in 
■■king  the  ale,  for  which  that  city  is  celebrated.  The  mashed  potatoes  are  mixed  with 
from  a  twentieth  to  a  tenth  of  their  weight  of  finely  ground  barley  malt,  and  some 
water.  The  mixture  is  exposed,  in  a  water-bath,  to  a  heat  of  160°  F.  for  four  honriL 
whereby  it  passes  into  a  saccharine  state,  and  may  then  be  boiled  with  hops,  cooled,  and 
properly  fermented  into  good  beer. 

Maize,  or  Indian  corn,  has  also  been  employed  to  make  beer ;  but  its  malting  it 
somewhat  difficult  on  account  of  the  rapidity  and  vigor  with  which  its  radicals  and 
plunala  sprout  forth.  The  proper  mode  of  causing  it  to  germinate  is  to  cover  it,  a  few 
inches  deep,  with  common  soil,  in  a  carden  or  field,  and  to  leave  it  there  till  the  bed  ki 
eovered  with  green  shoots  of  the  plant.  The  corn  must  be  then  lifted,  washed,  and 
apooed  to  the  kiln. 

Thf  Difimet  of  tJu  Fermentalum. — The  greater  or  less  rapidity  with  which  the 
wovn  are  made  to  ferment  has  a  remarkable  influence  upon  the  quality  of  the  beer, 
cipeeiaBy  in  reference  to  its  fitness  for  keeping.  The  wort  is  a  mucilaginous  solution 
ii  whieh  the  yeasty  principles,  eliminated  by  the  fermentation,  will,  if  favored  by 
Rgilar  and  slow  intestine  movements,  completely  rise  to  the  surface,  or  sink  to  the 
bouom,  so  as  to  leave  the  body  fine.  But,  when  the  action  is  too  violent,  these  barmy 
clitioovs  matters  get  comminuted  and  dispersed  throus:h  the  liquor,  and  can  never  after- 
wuds  be  thoroughly  separated.  A  portion  of  the  same  feculent  matter  becomes,  moreover, 
pmMaeatly  dissolved,  during  this  Airioos  commotion,  by  the  alcohol  that  is  generated. 
Tkii  the  beer  loees  not  merely  its  agreeable  flavor  and  limpidity,  but  is  apt  to  spoil 
fnm  the  slightest  eaases.  The  slower,  more  regularly  progressive,  and  less  interrupted, 
therefore,  the  fennenUtion  is,  so  much  better  will  the  product  be. 

Beer,  in  its  perfect  condition,  is  an  excellent  and  healthful  beverage,  combining,  in 
WMe  awasnre,  the  virtues  of  water,  of  wine,  and  of  food,  as  it  quenches  thirst,  stimulates, 
(Wen,  and  strengthens.  The  vinous  portion  of  it  is  the  alcohol,  proceeding  from  tlie 
feraeaiation  of  the  malt  sugar.  Its  amount,  in  common  strong  ale  or  beer,  is  aboat 
^percenL,  or  foar  measures,  of  spirits,  specific  gravity  0*823  in  100  mrosures  of  the 
%ior.  The  best  brown  stout  porter  contains  6  per  cent.,  the  strongest  nle  even  8  per 
OM.;  hot  eommoo  beer  only  one.  The  nutritive  part  of  the  beer  is  the  undecompoeed 
t^wgai,  and  the  starch-gum,  not  changed  into  sugar.  Its  quantity  is  very  variable^ 
•TiMdiM  lo  the  original  starch  of  the  won,  the  length  of  the  fermenta»ion^  and  the  afe 
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The  main  feature  of  good  beer  is  fine  color  and  tranffparenej ;  the  pndnetkMV 
which  is  an  object  of  great  interest  to  the  brewer.   Attempts  to  clarify  it  in  the  oivrf 
seldom  fail  to  do  it  harm.   The  only  thing  that  can  be  used  with  advantage  for  fimng 
fonl  or  muddy  beer,  is  isinglass.   For  porter,  as  commonly  brewed,  it  is  frequent^  kai 
recourse  to.   A  pound  of  good  isinglaiv  will  make  about  12  gallons  of  ftnmgs.   It  i 
cut  into  slender  shreds,  and  put  into  a  tub  with  as  much  vinegar  or  hard  beer  as  wiD 
cover  it,  in  order  that  it  may  swell  and  dissolve.   In  proportion  as  the  solution  proceed^ 
more  beer  must  be  poured  upon  it,  but  it  need  not  be  so  acidulous  as  the  first,  beeasie, 
when  once  well  softened  by  the  vinegar,  it  readily  dissolves.   The  mixture  ahonid  be 
frequently  agitated  with  a  bundle  of  rods,  till  it  acquires  the  uniform  consistence  of  this 
treacle,  when  it  must  be  equalized  f^till  more  by  passing  through  a  tammy  cldhy  or  a 
sieve.   It  may  now  be  made  up  with  beer  to  the  proper  measure  of  dUntion.  The 
quantity  generally  used  is  from  a  pint  to  a  quart  per  barrel,  more  or  less,  aeeovding  to 
the  foulness  of  the  beer.   But  before  putting  it  into  the  butt,  it  should  be  diAMd 
<     through  a  considerable  volume  of  the  beer  with  a  whisk,  till  a  frothy  head  be  raited 
upon  it.   It  is  in  this  state  to  be  poured  into  the  cask,  briskly  stinred  about ;  after 
which  the  cask  must  be  bunged  down  for  at  least  24  hours,  when  the  liquor  abooU  be 
limpid.   Sometimes  the  beer  will  not  be  improved  by  this  treatment ;  but  this  thatHA 
be  ascertained  beforehand,  by  drawing  off  some  of  the  beer  into  a  cylindric  jar  or  vid, 
and  adding  to  it  a  little  of  the  finincs.   After  shaking  and  setting  down  the  glass,  we 
shall  observe  whether  the  feculencies  begin  to  collect  in  flocky  parcels,  whidi  slowly 
subside ;  or  whether  the  isinglass  falls  to  the  bottom  without  making  any  impression 
upon  the  beer.   This  is  always  the  case  when  the  fermentation  is  incomplete,  or  a  se- 
condary decomposition  has  begun.   Mr.  Jackson  has  accounted  for  this  darifying  efiset 
of  isinglass  in  the  following  way. 

The  isinglass,  he  thinks,  is  first  of  all  rather  diffused  mechanically,  than  chcmicBlly 
dissolved,  in  the  sour  beer  or  vinegar,  so  that  when  the  finings  are  put  into  the  fool  beer, 
the  gelatinous  fibres,  being  set  free  in  the  liquor,  attract  and  unite  with  the  fioating  feen- 
lendes,  which  before  this  union  were  of  the  same  spedfic  gravity  with  the  bev,  aid 
therefore  conid  not  subside  alone ;  but  having  now  acquired  additional  weight  by  the 
coating  of  fish  glue,  predpitate  as  a  flocculent  magma.   This  is  Mr.  Jackson's  ezplann- 
tion ;  to  which  I  would  add,  that  if  there  be  the  slightest  disengagement  of  carbonk  s 
acid  gas,  it  will  keep  up  an  obscure  locomotion  in  the  partides,  whic^  win  prevent  the  ssM  J 
light  impurities,  either  alone  or  when  coated  with  isinglass,  from  subsiding.   The  beer  ^ 
is  then  properly  enough  called  ttubbom  by  the  coopers.   But  the  true  theory  of  the  action  ^ 
of  isinglass  is,  that  the  tannin  of  the  hops  combines  with  the  fluid  gelatine,  and  forms  a-ss 

fiocculent  mass,  which  envelopes  the  muddy  particles  of  the  beer,  and  carries  them  to  tlx  ■ 

bottom  as  it  falls,  and  forms  a  sediment.  When,  adcr  the  finings  are  poured  in,  no^a 
proper  precipitate  ensues,  it  may  be  made  to  appear  by  the  addition  of  a  little  del  ni.liiM  ■ 
of  hop. 

Mr.  Richardson,  the  author  of  the  well-known  brewer's  saccharometer,  gives  th^v 
fioUowing  as  the  densities  of  different  kinds  of  beer : — 


Be«r. 

Poondt  p«r  Barrel. 

Speeiile  OraTitj. 

Burton  ale,  Ist  sort 

40  to  43 

Mil  to  M20 

2d  ditto  - 

85  to  40 

1-097  to  Mil 

3d  ditto 

28  to  33 

l-On  to  1-092 

Common  ale  - 

25  to  27 

1-070  to  1-078 

Ditto  ditto  . 

21 

1-058 

Potter,  common  sort 

18 

1-050 

Ditto,  double 

20 

1-055 

Ditto,  brown  stout  - 

23 

1-064 

Ditto,  best  brown  stout 

26 

1-072 

Common  small  beer  - 

6 

1-014 

Good  table  beer  - 

12  to  14 

1-033  to  1-039 

Of  Hetums  or  Malt  Reaiduunu, —  When  small  beer  is  brewed  aAer  ale  or  porter,  onl^^ 
one  mash  is  to  be  made ;  but  where  this  is  not  done,  there  may  be  two  mashes,  in  ordc^^ 
to  economize  malt  to  the  utmost.   We  may  let  on  the  water  at  160^  or  165%  in  •M^0 
eonvenient  quantity,  infuse  for  an  hour  or  thereby,  then  run  it  off,  and  pump  into  th^^ 
copper,  putting  some  hops  yito  it,  and  causing  it  to  boil  for  an  instant;  when  it  may  b^ 
transferred  to  the  cooler.   A  second  mash  or  return  may  be  made  in  the  same  manner^ 
but  at  a  heat  5°  lower;  and  then  disposed  of  in  the  boiler  with  some  hops,  which  ma^ 
mukin  in  the  copper  during  the  night  at  a  scalding  heat,  and  may  be  discharged  'mta 
Ike  cooler  in  the  momiag.   These  two  returns  are  to  be  let  down  into  the  uadflf- 
lade  immediatdy  before  the  next  brewing,  and  thence  heated  in  the  copper  foe  tliejMiit 
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muHag  of  Cresh  malt,  instead  of  hot  water,  commonly  called  liquor,  in  the  brewerien. 
Bat  aSowaoce  most  bf  made,  in  the  calculation  of  the  worts,  for  the  quantity  of  ferment* 
ible  matter  in  these  two  returns.  The  nett  tu^gregatc  saving  is  estimated  fhmi  the 
snrity  of  the  return  taken  when  cold  in  the  cooler.  A  slight  economy  is  also  made  in 
the  extza  boiling  of  the  used  hops.  The  lapse  of  a  day  or  two  between  the  consecutive 
bim^s  is  DO  objection  to  the  method  of  returns,  because  they  are  too  weak  in  saccha- 
riae  natter  to  run  any  risk  of  fermentation. 

Ii  coaehisioii,  it  may  be  remarked  that  Mr.  Richardson  somewhat  underrates  the 
grarity  of  porter,  which  is  now  seldom  under  201bs.  per  barrel.  The  criterion  for  trans- 
foriag  from  the  gyle-tun  to  the  cleansing  butts  is  the  attenuation  caused  by  the  produc- 
tioa  of  alcohol  in  the  beer :  when  that  has  faUen  to  lOlbs.  or  1  libs.,  which  it  usually  does 
ii  48  houiytbe  cleansing  process  is  commenced.  The  heat  is  at  this  time  generally  75°, 
if  it  was  pitched  at  65° ;  for  the  heat  and  the  attenuation  go  hand  in  hand. 

About  thirty  years  ago,  \t  was  customary  for  the  London  brewers  of  porter  to  keep 
■Be&se  ftoeks  of  it  for  eighteen  months  or  two  years,  with  the  vievr  of  improving  its 
qnliiy.  The  beer  was  pumped  from  the  cleansing  butts  into  store-vats,  holding  from 
trortj  to  twenty-five  gyles  or  brewings  of  several  hundred  barrels  each.  The  store-vats 
bid  eoQunonly  a  capacity  of  5000  or  COOO  barrels ;  and  a  few  were  double,  and  one  was 
trefaK  this  lize.  The  porter,  during  its  long  repose  in  these  vats,  became  fine,  and  by 
cbKire  fermentation  its  saccharine  mucilage  was  nearly  all  converted  into  vinous  liquor, 
aad  diaupatcd  in  carbonic  add.  Its  hop-bitter  was  also  in  a  great  degree  decomposed. 
Good  kard  bter  was  the  boast  of  the  day.  This  was  sometimes  softened  by  the  publican, 
bf  the  addition  cf  some  mild  new-brewed  beer.  Of  bite  years,  the  taste  of  the  metro- 
pofn  ka«  undereonc  such  a  complete  revolution  in  this  respect,  that  nothing  but  the 
mildest  porter  will  now  ^o  down.  Hence,  six  weeks  is  a  lons^  period  for  beer  to  be  kept 
m  LoadoB;  and  much  of  it  is  drunk  when  only  a  fortnight  old.  Ale  is  for  the  same  rea- 
wa  come  greatly  into  vcm^uc;  and  the  two  qrcntcst  porter  houses,  Messrs.  Barclay, 
Perkins,  Sl  Co.,  and  Truman,  Hanbury,  Sc  Co.,  have  become  extensive  and  successful 
bmrcrs  of  milJ  ale,  to  please  the  chanced  palate  of  their  customers. 

We  shall  a- Id  a  few  observations  ui>on  the  brewing  cf  Scotch  ale.  This  beverage  is 
cbancterizcl  by  its  pale  an.ber  color,  and  its  mild  balsamic  flavor.  The  bitterness  of 
tiie  bop  is  so  mellowed  with  the  malt  as  not  to  predominate.  The  ale  of  Preston  Pans 
i"%in  fact,  the  bo>f  sub^tilute  for  wine  which  Ixarley  has  hitherto  produced.  The  low 
tmpr.'aturc  at  which  the  Scotch  brewer  pitches  his  fermenting  tun  restricts  his  labors 
'0  the  colder  months  of  the  year.  He  does  notiiing  during  four  of  the  summer  months. 
H;  »  frrtrcmrly  nice  in  seloctin!?  his  malt  and  hops;  the  former  being  made  fmni  the  best 
Kadi^h  hnrloy,  and  the  latter  being  the  gro>vih  of  Famhom  or  Kast  Kent.  The  yeast  is 
nnftiUy  hwkctl  n(\er,  and  measured  into  the  fermenting  tun  in  the  ])roi;ortion  of  one 
z^hb  to  '240  eallons  of  wort. 

one  nia^h  is  n»ade  by  the  Scotch  ale  brewer,  and  that  prctly  strong;  but  the 
.^nli  ih  rxliausK"!  by  eiifht  or  ten  successive  sprinklings  of  lifjuor  (hot  >*Titer)  over  the 
2^d»  (mult),  which  are  termed  in  the  vemarular  tonjjue,  sparges.  Those  waterings 
ffrrijlaie  tltruui'h  the  mult  on  the  mnsh-tun  bottom,  and  extract  as  much  of  the  saccharine 
r^ti'T  niay  Iw  sutficient  for  the  brewincr.  iJy  this  simple  method  nmch  hiirhcr  j^prcific 
er»T3!i»-j  may  \h*  ohtainr*d  than  would  Ik*  practicable  by  a  second  mash.  With  malt,  the 
'-fi'v'.n  or  sriccharine  fermentotion  of  the  dvisfast  is  finished  with  the  first  mush;  and 
nc4hiaj;  remains  but  to  wash  away  from  the  i^tKnls  the  matter  which  that  process  has 
f^^wM  s^iHble.  It  will  br  found  on  trial  that  20  barrels  of  wort  drawn  from  a  certain 
lUBU'ty  of  malt,  by  two  successive  mnshihcs,  will  not  be  so  rich  in  fcnnentable  matter 
3)  barfl*  extracted  by  ten  successive  sparges  of  two  barrels  each.  'Hie  grains 
ilvtT^  remain  si);ike<l  with  wort  like  that  just  drawn  off,  and  the  total  residual  quantity 
» tbr»tr  fourth of  a  barri'l  for  every  quarter  of  malt.  The  gravity  of  this  residual  wort 
"1  the  first  plan  be  equal  to  that  of  the  second  mash ;  but  on  the  second  plan,  it 
*iU  bp  e^ioal  only  to  that  of  the  tenth  sparse,  and  will  be  more  attenuated  in  a  very  high 
s^^ooKrical  ratio.  The  only  serious  objection  to  the  spannng  system  is  the  km  of  time 
^  tb«f  soceevive  drainages.  A  mash-tun  with  a  steam  jacket  promises  to  suit  the 
"pvang  system  well ;  as  it  would  keep  up  a  uniform  temperature  in  the  goods,  witlwut 
f^libia?  them  to  be  sparged  with  very  hot  liquor. 

Tbe  first  part  of  the  Scotch  process  seems  of  doubtful  economy;  for  the  mash  liquor  is 
^tMed  ao  hiigh  as  180°.  After  mashing  for  about  half  an  hour,  or  till  every  iNuticle  of 
^  aatl  ii  thorou(;)ily  drenched,  the  tun  is  covered,  and  the  mixture  leA  to  infuse  about 
^  hours  s  it  is  then  drained  off  into  the  under-back,  or  preferably  into  the  wort 

iihn  tUi  wort  is  ran  ofi",  a  quantity  of  liquor  (water),  at  180°  of  heat,  is  sprinkled 
*>iAfiily  orer  the  aiuface  of  the  malt;  being  first  dashed  on  a  perforated  circular 
wpewied  horuontally  over  the  mash-tun,  wherefrom  it  deicendf  like  a  shower 
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upon  the  whole  of  the  goods.  The  percolating  wort  is  allowed  to  flow  off,  by  three 
more  small  stopcocks  round  the  circumference  of  the  mash-tun,  to  ensure  the  equal  < 
fusion  of  the  liquor. 

The  first  s|iarge  being  run  off  in  the  course  of  twenty  minutes,  another  similar  < 
is  affusrd  ;  and  thus  in  succession  till  the  whole  of  the  drainage,  when  mixed  with 
first  mash-wort,  constitutes  the  density  adapted  to  the  quality  of  the  ale.  Thus, 
strong  worts  are  piepared,  and  the  malt  is  exhausted  either  for  table  beer,  or  f< 
re/am,  as  pointed  out  above.  The  last  sparges  aie  made  5"  or  6°  cooler  than 
first. 

The  quantity  of  hops  seldom  exceeds  four  pounds  to  the  quarter  of  malt.  The  man 
of  boiling  the  worts  is  the  same  as  that  above  described ;  but  the  conduct  of  the 
mentation  is  peculiar.  The  heat  is  pitched  at  50^,  and  the  fermentatioa  continues  fl 
a  fortnight  to  three  weeks.  Were  three  brewings  made  in  the  week,  seven  or  d 
working  tuns  would  thus  be  in  constant  action ;  and,  as  th^y  are  usnslly  in  one  ro 
and  some  of  them  at  an  elevation  of  temperature  of  15°,  the  apartment  most  be  ] 
pitious  to  fermentation,  however  low  its  heat  may  be  at  the  commencement.  No  B 
yeast  is  used  than  is  indisi>cnsable ;  if  a  little  more  be  needed,  it  is  made  effeethn 
rousing  up  the  tuns  twice  a  day  from  the  bottom. 

When  the  progress  of  the  attenuation  becomes  so  slack  as  not  to  exceed  half  a  po 
in  the  day,  it  is  prudent  to  cleanse,  otherwise  the  top-barm  might  re-enter  the  body  of 
beer,  and  it  would  become  yeatt-hiUen,  When  the  ale  is  deansed,  the  head,  which 
not  been  disturbed  for  some  days,  is  allowed  to  float  on  the  surface  till  the  whole  of 
Men  pure  ale  is  drawn  off  into  the  casks.  This  top  is  regarded  as  a  sufllicient  presenra 
against  the  contact  of  the  atmosphere.  The  Scotch  do  not  skim  their  tuns,  as  the  I 
4ion  ale  brewers  commonly  do.  The  Scotch  ale,  when  so  cleansed,  does  not  reqvir 
be  set  upon  close  stillions.  It  throws  off  little  or  no  yeast,  because  the  ferments 
was  nearly  finished  in  the  tun.  The  strength  of  the  best  Scotch  ale  ranges  betweei 
and  44  pounds  to  the  barrel;  or  it  has  a  specific  gravity  of  fjpom  1*088  to  M22,  aeoon 
to  the  price  at  which  it  is  sold.  In  a  good  fermentation,  seldom  more  than  a  fourt 
the  original  gravity  of  the  wort  remains  at  the  period  of  the  cleansing.  Between 
third  and  one  fourth  is  the  usual  degree  of  attenuation.  Scotch  ale  soon  becomes  i 
and  is  seldom  racked  for  the  home  market.  The  following  tabic  will  show  the  prog 
of  fermentation  in  a  brewing  of  good  Scotch  ale : 

20  barrels  of  mash-worts  of  42^  pounds  gravity  =  860*6 
20    —        returns  6^  =  122 

12  )  982*6 

pounds  weight  of  extract  per  quarter  of  malt  =  81 

Fermentation : — 

March  24.  pitched  the  tun  at  51° :  yeast  4  gallons. 


Temp. 

Gravity. 

25. 

52* 

41  pounds. 

28. 

56» 

39 

30. 

60P 

34 

1. 

62» 

32 

4. 

650 

29  added  1  lb.  of  yeast. 

5. 

66° 

25 

6. 

23 

7. 

20 

8. 

66° 

18 

9. 

15 

10. 

64» 

14*5  cleansed.  * 

The  following  table  shows  the  or^in  and  the  result  of  fermentation,  in  a  nuxnbe 
inractical  experiments : — 


Oiigiaal  GrtTity  of 

Ibn.  per  Bartel  of 

Specific  GraTity  of 

Lbs.  per  Birrel  of 

AitenaatiOBfOr  1 

Ui0  Won*. 

Sacrhanne  Matter. 

the  Ale. 

Saccbarine  Matter. 

chamn  deooaip* 

1*0950 

88*75 

1*0500 

40*25 

0-478 

1*0918 

85*62 

1*0420 

38*42 

0-552 

1*0829 

78*125 

1*0205 

16*87 

0*787 

1*0862 

80*625 

1*0236 

20*00 

0-757 

1*0780 

73*75 

1*0280 

24*25 

0-698 

1-0700 

65*00 

1*0285 

25*00 

0*615 

M002 

93*75 

1*0400 

36*25 

0^18 

*  BaiwiHO  (8oei«ty  tar  diAuinff  Ustfvl  Kaowledct),  p.  IM. 
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Fennentation  Table — coii/tii««<{. 


't&ViMl  GrmTity  of 
tk«  Woru. 


M025 
1-0978 
1-0956 
1-1130 
1-1092 
1-1171 
M030 
1-0660 


Iba.  per  Bartel  of 
Saccharin*  Matter. 


95-  93 
91-56 
89-37 

105-82 

102-187 

110-00 

96-  40 
61-25 


Specific  GraTity  of 
the  Ale. 


Lba.  per  Barrel  of 
Saccharine  Matter. 


1-0420 
1-0307 
1-0358 
1-0352 
1-0302 
1-0400 
1-0271 
1-0214 


38-42 
27-00 
32-19 
31-87 
26-75 
36-25 
23-42* 
17-80 


Attenuatiftn,  or  Sai>! 
■hanim  decompoeed. 


0-600 
0-705 
0-640 
0-661 
0-605 
0-669 
0-757 
0-709 


J 


The  second  column  here  does  not  represent,  I  believe,  the  solid  extract,  but  the  pasty 
^tract  obtained  as  the  basis  of  Mr.  Allen's  saccharometer,  and  therefore  each  of  its 
^^bm  is  somewhat  too  high.   The  last  column,  also,  must  be  in  some  measure  erro> 
*^^oiiSy  on  aceonnt  of  the  quantity  of  aoohol  dissipated  daring  the  process  of  femienta^ 
^i^a.   Ic  must  be  likewise  incorrect,  because  the  density  due  to  the  saccharine  matter 
be  partly  coonteracted,  by  the  effect  of  the  aleohol  present  in  the  fermented  liquor, 
fact,  the  attenuation  does  not  correspond  to  the  strength  of  the  wort ;  being  greatest 
the  third  brewing,  and  smallest  in  the  first   The  quantity  of  yeast  for  the  above  ale 
brewings  in  the  taUe  was,  upon  an  average,  one  gallon  for  108  gallons;  but  it  varied 
'^ivith  its  qnaBty,  and  with  the  state  of  the^nreather,  which,  when  warm,  permits  much 
^«ts  to  be  used  with  propriety. 

The  good  quality  of  the  malt,  and  the  right  management  of  the  mashing,  may  be  tested 
lEary  the  quantity  of  saccharine  matter  contained  in  the  successively  drawn  worts.  With 
~ils  Tiew,  an  aliquot  portion  of  each  of  them  should  be  evaporated  by  a  safety-bath  heat 
i  a  nearly  concrete  consistence,  and  then  mixed  with  twjce  its  volume  of  strong  spirit 
r  wine.   The  truly  saccharine  substance  wiU  be  dissolved,  while  the  starch  and  other 
wili  be  separate ;  aAer  which  the  proportions  of  each  may  be  determined  by 
filtration  and  evaporation.    Or  an  equally  correct,  and  much  more  expeditious  method  of 
arriving  at  the  same  result  would  be,  after  agitating  the  viscid  extract  with  the  alcohol 
B  A  a  tali  glass  cylinder,  to  allow  the  insoluble  fecula  to  subside,  and  then  to  determine 
tJie  spec^  gravity  of  the  supernatant  liquid  by  a  hydrometer.    The  additional  density 
^which  the  alcohol  has  acquired  will  indicate  the  quantity  of  malt  sugar  which  it  has 
w^KtiTcL   The  following  table,  constructed  by  me,  at  the  request  of  Henry  Worburton, 
Esq.,  M.  P.,  chairman  of  the  Molasses  Committee  of  the  House  of  Commons  in  1830, 
'•win  show  the  brewer  the  principle  of  this  important  inquiry.    It  exhibits  the  quantity  in 
^nains  weight  of  sugar  requisite  to  raise  the  specific  gravity  of  a  gallon  of  spirit  of  dif- 
ferent densties  to  the  gravity  of  water  =  1-000 : 

Graiaa ;  Weight  of  Sagmr  in  the 
Gallon  Impetial. 
980 


Specific  Gravity  of 
Spirit. 

0-995 
0-990 
0-985 
0-980 
0*975 
0-970 
0-9«5 
0-960 
0*955 
0-950 


1-  890 

2-  800 

3-  710 

4-  690 

5-  600 

6-  650 

7-  070 

8-  400 

9-  310 


The  immediate  purpose  of  this  table  was  to  show  the  effect  of  saccharine  matter  in 
^ittTiisiBg  the  presence  or  amount  of  alcohol  in  the  weak  feints  of  the  distiller.  But 
^  offlilar  table  might  easily  be  constructed,  in  which,  taking  a  uniform  quantity  of  alco- 
^of  0-825,  for  example,  the  quantity  of  sugar  in  any  wort-extract  would  be  shown  by 
the  increaae  of  specific  gravity  which  the  alcohol  received  from  agitation  with  a  certain 
'^'dglit  of  the  wort,  inspissated  to  a  nearly  solid  consistence  by  a  safety-pan,  made  on 
principle  of  my  patent  sugar-pan.    (See  Sugar.)   Thus,  the  normal  quantities 
^iQBg  1000  grain  measures  oC  alcohol,  and  100  grains  by  weight  of  inspissated  mash- 
^itrtct,  the  hydrometer  would  at  once  indicate,  by  help  of  the  table,  first,  the  quantity 
^  cent  of  troly  saccharine  matter,  and  next,  by  subtraction,  that  of  farinaceous  matter 
promt  m  it. 

Plom,  Madiinenfy  and  UtensU*  of  a  great  Brewery, — Ftgt.  103  and  104  represent  the 
vrtBgonent  of  the  utedkils  and  machinery  in  a  porter  brewery  on  the  largest  scale ;  in 
however,  it  must  be  observed  that  the  elevation  fig'  103  is  in  a  great  degree  ima- 
Stttry  II  to  the  plane  upon  which  it  is  taken ;  but  the  diflerent  vessels  are  arranged  so  as 


The  malt  for  the  supply  of  the  brewery  is  stored  in  vast  granaries  or  malt-lofti 
?^ituated  in  the  upper  part  of  the  boildings.  Of  these^  I  have  been  able  to  r 
only  ono^  at  a,  fig.  103  :  the  others,  which  ore  tnppoeed  to  be  on  each  side  of  it 
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I  this  Tiew.  Immediately  beneath  the  trranary  a,  on  the  ground  floor,  is  the 
tie  apper  story  above  it,  are  two  pairs  of  rollers,  101,  102,  and  103,  under 
imising  or  crushing  the  frniins  of  the  malt.  In  the  floor  beneath  the  rollers  are 
ones  h,  6,  where  the  malt  is  sometimes  ground,  instead  of  being  merely  bruised 
;  between  the  rollers,  under  a,  a. 

dt,  when  prepared,  is  conveyed  by  a  trough  into  a  chest  d,  to  the-  right  of  b, 
h  it  can  be  elevated  by  the  action  of  a  spiral  screw,  fig,  105,  enclosed  in  the 
be  e,  into  the  large  chest  or  bin  b,  for  holding  ground  mall,  situated  imme- 
er  the  mash-tun  d.  The  malt  is  reserved  in  this  bin  till  wanted,  and  it  is 
own  into  the  mashini;-tun,  where  the  extract  is  obtained  by  hot  water  supplied 
xipper  6,  seen  to  the  right  of  b. 

iter  for  the  service  of  the  brewery  is  obtained  from  the  well  e,  seen  beneath  the 
!  leil,  by  a  lifting  pump  worked  by  the  steam  engine ;  and  the  forcing-pipe  / 
np  conveys  the  water  up  to  the  large  reservoir  or  water-back  f,  placed  at  the 
!  engine-house.  From  this  cistern,  iron  pipes  are  laid  to  the  copper  g  (on  the 
1  side  of  the  figure),  as  also  to  every  part  of  the  establishment  where  cold  water 
mted  for  cleaning  and  washing  the  vessels.  The  copper  g  can  be  filled  with 
r  by  merely  turning  a  cock ;  and  the  water,  when  boiled  therein,  is  conveyed 
»e  g  into  the  bottom  of  the  mash-tun  d.  It  is  introduced  beneath  a  false  bot- 
i  which  the  malt  lies,  and,  rising  up  through  the  holes  in  the  false  bottom,  it 
he  saccharine  matter  from  the  malt ;  a  greater  or  less  time  bein?  allowed  for  the 
according  to  circumstances.  The  instant  the  water  is  drawn  ofi'from  the  copper, 
er  must  be  let  into  it,  in  order  to  be  ready  for  boiling  the  second  mashing ;  be- 
copper  must  not  be  left  empty  for  a  moment,  otherwise  the  intense  hea(  of  the 
1  destroy  its  bottom.  For  the  convenience  of  thus  letting  down  at  once  as  much 
trill  fill  the  lower  part  of  the  copper,  a  pan  or  second  boiler  is  plnced  over  the 
copper,  as  seen  in  fig.  103 ;  and  the  steam  rising  from  the  copper  communi- 
msiderable  degree  of  heat  to  the  contents  of  the  pan,  without  any  expense  of 
is  will  be  more  minutely  explained  hereafter.  (See  fig,  107.) 
the  process  of  mashing,  the  malt  is  agitated  in  the  mash-tun  so  as  to  expose 
t  to  the  action  of  the  water.  This  is  done  by  a  mechanism  contained  within 
tun,  which  is  put  in  motion  by  a  horizontal  shaft  above  it,  h,  leading  from  the 
,e  mash  machine  is  shown  separately  in  fig,  106.  When  the  operation  of  mash- 
shed,  the  wort  or  extract  is  drained  down  from  the  malt  into  the  vessel  i,  called 
-back,  immediately  below  the  mash-tun,  of  like  dimensions,  and  situated  always 
r  level,  for  which  reason  it  has  received  this  name.  Here  the  wurt  does  not  re- 
fer than  is  necessary  to  drain  off  the  whole  of  it  from  the  tun  above.  It  is  then 
p  by  the  three-barrelled  pump  fc,  into  the  pan  upon  the  top  of  the  copper,  by  a 
k  cannot  be  seen  in  this  section.  The  wort  remains  in  the  pan  until  the  water 
icceeding  mashes  is  discharged  from  the  copper.  But  this  delay  is  no  loss  of 
luse  the  heat  of  the  copper,  and  the  steam  arising  from  it,  prepare  the  wort, 
1  become  cooler,  for  boiling.  The  instant  the  copper  is  emptied,  the  first  wort 
n  from  the  pan  into  the  copper,  and  the  second  wort  is  pumped  up  from  the 
:k  into  the  upper  pan.  The  proper  proportion  of  hops  is  thrown  into  the  cop- 
^h  the  near  hole,  and  then  the  door  is  shut  down,  and  screwed  fast,  to  keep  in 
,  and  cause  it  to  rise  up  through  pipes  into  the  pan.  It  is  thus  forced  to  blow 
;h  the  wort  in  the  pan«  and  communicates  so  much  heat  to  it,  or  water,  called  It- 
lie  brewers,  that  either  is  brought  near  to  the  boiling  point.  The  different  worts 
ach  other  through  all  the  different  vessels  with  the  greatest  regularity,  so  that 
10  loss  of  time,  but  every  part  of  the  apparatus  is  constantly  employed.  When 
tion  has  continued  a  sntlicient  period  to  coagulate  the  grosser  part  of  tlie  extract, 
aporate  part  of  the  water,  the  contents  of  the  copper  are  run  ofi'  through  a  large 
the  jack-back  k,  below  g,  which  is  a  vessel  of  sufliicicnt  dimensions  to  contain 
ovided  with  a  bottom  of  cast-iron  plates,  perforated  with  small  holes,  through 
f  wort  drains  and  leaves  the  hops.  The  hot  wort  is  drawn  off  from  the  jack- 
ngh  the  pipe  h  by  the  three-barrelled  pump,  which  throws  it  op  to  the  coolen? 
his  pump  being  made  with  difiercnt  pipes  and  cocks  of  communication,  to  serve 
uposes  of  the  brewery  except  that  of  raising  the  cold  water  from  the  well.  The 
L,  L,  are  very  shallow  vessels,  built  over  one  another  in  several  stages  :  and  that 
e  buikiing  in  which  they  are  contained  is  built  wi:h  lattice- work  or  shutter  flaps, 
M,  to  admit  free  currents  of  air.  When  the  wort  is  sufficiently  cooled  to  be  put  to 
ermentation,  it  is  conducted  in  pipes  from  all  the  different  coolers  to  the  large 
g  vessel  or  gyle  tnn  m,  which,  with  another  similar  vessel  behind  it,  is  of  suflli- 
leity  to  contain  all  the  beer  of  one  day's  brewings. 

vcr  the  first  fermentation  is  concluded,  the  beer  is  drawn  off  from  the  great  fer- 
resKl  M,  into  the  small  fermenting  casks  or  cleansing  vessels  n,  of  which  there 
«t  number  in  the  brewery.  They  are  placed  four  together,  and  to  each  four  a  com- 
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mon  spout  is  provided  to  carry  off  the  yeast,  and  conduct  it  into  the  troog] 
beneath.  In  these  cleansing  vessels  the  beer  remains  till  the  fermentation  a 
and  it  is  then  put  into  the  store-vats,  which  are  casks  or  tuns  of  an  immense 

it  is  kept  till  wani 

t^^.^.iv.......\  off  » 

and  sent  away  from  tl 
The  store-vats  are  not 
in  the  figure :  they  are 
siiape,  and  of  differ 
sions,  from  fifteen  to 
diameter,  and  usuaUy 
to  twenty  feet  in  cU 
steam-engine  which  p 
machine  in  moiion  i 
in  its  place,  on  the 
the  figure.  On  the  i 
large  fly-wheel  is  a  be 
wheel,  which  turns 
milar  wheel  upon  thi 
horizontal  shah,  whj 
from  the  engine-hou 
great  horse-wheel,  se 
by  means  of  a  spur-^ 
horse-wheel  drives  all 
for  the  mill-stones  6 
the  horizontal  axis  w 
the  three-barrelled  pai 
rollers  a,  a,  are  turnec 
wheel  upon  the  upper 
axis  of  the  horse-whe 
prolonged  for  that  pu 
the  horizontal  shaft 
mashing  engine,  is  d 
pair  of  bevel  wheels, 
likewise  a  sack-tackh 
not  represented.  It  ii 
for  drawing  up  the  sa 
from  the  court-yard  to 
part  of  the  building, 
sacks  are  wheeled  on 
the  malt-loft  a,  and  t 
of  the  sacks  are  discha 
The  horse-wheel  is 
be  driven  by  horses  c 
if  the  steam-engine  ] 
but  these  engines  are  i 
to  such  perfection  tha 
seldom  any  recourse  of 
needed. 

Fig,  104  is  a  re 
of  the  fermenting  hi 
biewery  of  Messrs. 
and  Company,  Chis^ 
London,  which  is  one 
complete  in  its  arra' 
the  world :  it  was  ereci 
plan  of  Mr.  Richardso 
duels  the  brewing  at  t 
The  whole  of  fig.  I 
considered  as  devoted  ' 
object  as  the  large  vi 
tiie  casks  k.  Jig.  103. 
r  r  is  the  pipe  which 
the  different  coolers 
the  wort  to  the  jfreat 
vessels  or  squares  m,  of  which  there  are  two,  one  behind  the  other ;  / /  represe 
the  great  pipe  which  conveys  all  the  water  from  the  well  e,  j»tg.  103,  up  to  the  n 
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V*.  This  pipe  is  eondaeted  purposely  up  the  wall  of  the  fennenttiig-house,>lf .  104,  and 
lias  a  cock  in  it,  near  r,  to  stop  the  passage.  Just  beneath  this  passage  a  branch-pipe  p 
jtocccdi,  and  enters  a  large  pipe  x  which  has  the  former  pipe  r  withinskie  of  it. 
Wrom  the  end  of  the  pipe  x,  nearest  to  the  squares  m,  another  branch  n  n  proceeds,  and 
nConis  to  the  orisrinal  pipe/,  with  a  cock  to  reflate  it.  The  object  of  this  arrangement 
ms  to  make  all,  or  any  part,  of  the  cold  water  flow  through  the  pipe  x  which  surrounds 
'Che  pipe  r,  furmed  only  of  thin  copper,  and  thus  cool  the  wort  passing  through  the  pipe 
-ar^  until  it  is  found  hy  the  thermometer  to  have  the  exact  temperature  which  is  desirable 
Wfore  it  is  put  to  fennent  in  the  great  square  m.  By  means  of  the  cocks  at  n  and  p,  the 
«liiantity  of  cold  water  passing  over  the  surface  of  the  pipe  r  can  be  regulated  at  pleasure, 
-whereby  the  heat  of  the  wort,  when  it  enters  into  the  square,  may  be  adjusted  within  half 
A  de^ee. 

When  the  first  fermentation  in  the  squares  m  m  is  finished,  the  beer  is  drawn  off  from 
-Aeni  by  pipes  marked  v,  and  conducted  by  its  branches  w  w  w,  to  the  different  rows  of 
#ermenting-tuns,  marked  n  n,  which  occupy  the  greater  part  of  the  building.    In  the 
IkoUow  between  every  two  rows  are  placed  large  troughs,  to  contain  the  yeast  which 
"Shey  throw  off.   The  figure  shows  that  the  small  tuns  are  all  placed  on  a  lower  level 
"^an  the  bottom  of  the  great  vessels  m,  so  thai  the  beer  will  flow  into  them,  and,  by  hy- 
^irostatic  equilibrium,  will  fill  them  to  the  same  level.   When  they  are  filled,  Uie  com- 
xnanication-cock  is  i(hut;  but,  as  the  working  off  the  yeast  diminishes  the  quantity  of 
fceer  in  each  vessel,  it  is  necessary  to  replenish  them  from  time  to  lime.    For  this 
IHirpose,  the  two  large  vats  o  o  are  filled  from  the  great  squares  m  m,  b^-fore  any  beer 
is  drawn  off  into  the  small  casks  s",  and  this  quantity  of  beer  is  reserved  at  the  higher 
level  for  filling  up.   The  iwo  vessels  o  o  arc,  in  reality,  situated  between  the  two  squares 
M  u;  but  I  have  been  obliged  to  place  them  thus  in  the  section,  in  order  that  they 
may  be  seen.    Near  each  filling-up  tun  o  is  a  small  cistern  /  communicating  with  the 
tan  0  by  a  pipc^hich  is  closed  by  a  float-valve.    The  small  cisterns  /  are  always  in 
communication  with  the  pipes  which  lead  to  the  small  ferment insr  vessels  N  ;  and  there- 
ibre  the  surface  of  the  beer  in  all  the  tuns,  and  in  the  cisterns,  will  always  be  at  the  same 
Icrd ;  and  as  this  level  subsides  by  the  working  off  of  the  yeast  from  the  tuns,  the  float 
sinks  and  opens  the  valve,  so  as  to  admit  a  sufficiency  of  beer  from  the  filling-up  tuns 
o,  to  restore  the  surfaces  of  the  beer  in  all  the  tuns,  and  also  in  the  cistern  /,  to  the 
original  level.    In  order  to  carry  off  the  yeast  which  is  produced  by  the  fermentation  of 
tlie  beer  in  the  tuns  o  o,  a  conical  iron  dish  or  funnel  is  made  to  float  upon  the  surface  of 
tbe  beer  which  they  contain ;  and  from  the  centre  of  this  funnel  a  pipe,  o,  descends,  and 
puies  through  the  bottom  of  the  tun,  being  packed  with  a  collar  of  leather,  so  as  to  be 
^ter-light ;  at  the  same  time  that  it  is  at  liberty  to  slide  down,  as  the  surface  of  the  beer 
<le»end8  in  the  tun.   The  yeast  flows  over  the  edge  of  this  funnel-shaped  dish,  and  is 
<*nveyed  down  the  pipe  to  a  trough  beneath. 

Beneath  the  fennenling-house  are  large  arched  vaults,  r,  built  with  stone,  and  lined 
]^  stucco.  Into  these  the  beer  is  let  down  in  casks  when  sufficiently  fermented,  and 
*5  kept  in  store  till  wanted.  These  vaults  are  used  at  Mr.  Whitbrcad's  brewery,  instead 
^  the  great  store-vats  of  which  we  have  before  spoken,  and  arc  in  some  respects  pre- 
^^ble,  because  they  preserve  a  great  equality  of  temperature,  being  beneath  the  surface 
<^tbeeaith. 

The  malt-rollers,  or  machines  for  bruising  the  grains  of  the  mvMyfigs,  101,  102,  have 
^n  already  described.  The  malt  is  shot  down  from  a,  fig.  103,  the  malt-loA,  into  the 
Hper;  and  from  this  it  is  let  out  gradually  through  a  sluice  or  sliding  shuttle,  a,  fig,  103, 
^  falls  between  the  rollers. 

^ig.  105,  is  tlie  screw  by  which  the  ground  or  bruised  malt  is  raised  up,  or  conveyed 
ftom  one  part  of  the  brewery  to  another,  k  is  an  inclined  box  or  trough,  in  the  centre 
^  which  the  axis  of  the  screw  n  is  placed ;  the  spiral  iron  plate  or  worm,  which  is 
filed  projecting  from  the  axis,  and  which  forms  the  screw,  is  made  very  nearly  to 
fill  the  inside  of  the  box.  By  this  means,  when  the  screw  is  turned  round  by  the 
vbeels  E  F,  or  by  any  other  means,  it  raises  up  the  malt  from  the  box  and  delivers  it 
tttbe  spout  G. 

This  screw  is  equally  applicable  for  conveying  the  malt  horizontally  in  the  trough  x, 
Mdantingly ;  and  similar  machines  are  employed  in  various  parts  of  breweries  for  con- 
ing the  malt  wherever  the  situation  of  the  works  requires. 

fig.  106,  is  the  mashing-machine.  a  a  is  the  tun,  made  of  wood  staves,  hooped  to- 
Wher.  In  the  centre  of  it  rises  a  perpendicular  shafl,  b,  which  is  turned  slowly  round 
[  W  means  of  the  bevelled  wheels  /  tt  at  the  top.  c  c  are  two  arms,  projecting  fVom 
^  axis,  and  supporting  the  short  vertical  axis  d  of  the  spur-wheel  x,  which  is 
^■aed  by  the  spur-wheel  w ;  so  that,  when  the  central  axis  b  is  made  to  revolve,  it 
^  carry  the  thick  short  axle  d  round  the  tun  in  a  circle.  That  axle  d  is  furnished 
^  a  Qunber  of  arms,  e  e,  which  have  blades  placed  obliquely  to  the  plane  of  th«r 
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motioii.  When  the  axis  is  tamed  round,  these  aims  agitate  the  malt  in  the  tm,  and  gife 
it  a  constant  tendenqr  to  rise  upward  from  the  bottom. 
The  motion  of  the  aide  d  is  produced  by  a  wheel,  x,  on  the  upper  end  of  it,  which  » 


turned  by  a  wheel,  w,  fastened  on  the  middle  of  the  tube  b,  which  turns  freely 
upon  its  central  axis.    Upon  a  higher  point  of  the  same  tube  6  is  a  bevel  wheel,  ^ 
receiving  motion  from  a  bevel  wheel,  q,  iixed  upon  the  end  of  the  horizontal  axis  «  i^^^ 


which  gives  motion  to  the  whole  machine.   This  same  axis  has  a  pinion, 
it,  which  gives  motion  to  the  wheel  r,  fixed  near  the  middle  of  a  horizontal 
whidi,  at  its  left  hand  end,  has  a  bevel  ])inion,  t,  working  the  wheel  «,  before  mentkw^ 
Bf  these  means,  the  rotation  of  the  central  axis  b  wiU  be  very  slow  compared  with  W 
ion  of  the  axled;  for  the  latter  will  make  seventeen  or  eighteen  revolutions  on 
i  axis  in  the  same  space  of  time  that  it  will  be  carried  once  round  the  tun  hf  " 
km  of  the  shaft  6.   At  the  beginning  of  the  operation  of  mashing,  the  machine 
mlde  to  turn  with  a  slow  motion ;  but,  after  having  wetted  all  the  inalt  by  one  : 
IntioDf  it  is  driven  quicker.   For  this  purpose,  the  ascending  shaft  /g,  which 
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Mtfn  lo  the  nMchiae,  has  two  level  wheels,  h  i,  fixed  upon  a  tube,  /g,  wbieh  is,  fitted 
ip«  a  central  ahaft.  These  wheels  actuate  the  wheels  m  and  o,  upon  the  end  of  the 
hvooatal  shaA  an;  but  the  distance  between  the  two  wheels  h  and  t  is  such,  that  they 
cnaot  be  engaged  both  at  once  with  the  wheels  m  and  o but  the  tube  /  g,  to  which 
Ikjr  are  fixed,  is  capable  of  sliding  up  and  down  on  its  central  axis  sufficiently  to  bring 
eidier  wheel  A  or  i  into  gear  with  its  corresponding  wheel  o  or  m,  upon  the  horizontal 
ihiA;  and  as  the  diameters  of  n  o,  and  i  m,  are  of  very  different  proportions,  the  velocity 
the  motion  of  the  machine  can  be  varied  at  pleasure,  by  using  one  or  other,  k  and 
lie  two  levers,  which  are  forked  at  their  extremities,  and  embrace  collars  at  the  ends 
cf  tke  tobc/g.  These  levers  being  united  by  a  rod,  /,  the  handle  k  gives  the  means  of 
■oviii^  the  tnbe/g,  and  its  wheels  h  i,  up  or  down,  to  throw  either  the  one  or  the  other 
wkeel  ioto  gear. 

The  object  of  boiling  the  wort  is  not  merely  evaporation  and  concentration,  but  extrac- 
tioi,  coagulation,  and,  finally,  combination  with  the  hops ;  purposes  which  are  better  ac- 
complished in  a  deep  confined  copper,  by  a  moderate  heat,  than  in  an  open  shallow  pan 
with  a  quick  fire.  The  copper,  being  incased  above  in  brickwork,  retains  its  digesting 
tmperature  much  longer  than  the  pan  could  do.  The  waste  steam  of  the  close  kettle, 
■ORorer,  can  be  economically  employed  in  communicating  heat  to  water  or  weak  worts ; 
vbereas  the  exhalations  from  an  open  pan  wouU  prove  a  nuisance,  and  would  need  to  be 
timed  off  by  a  hood.  The  boiling  has  a  four-fold  effect :  1.  it  concentrates  the  wort ;  2. 
Jviag  the  earlier  stages  of  heating,  it  converts  the  starch  into  sugar,  dextrine,  and  gum, 
bf  means  of  the  diastase ;  3.  it  extracts  the  substance  of  the  hops  diffused  through  the 
v«t;  4.  it  coagulates  the  albuminous  matter  present  in  the  grain,  or  precipitates  it  by 
mans  of  the  tannin  of  the  hops. 

The  degree  of  evaporation  is  regulated  by  the  nature  of  the  wort,  and  the  quality  of 
Ike  beer.  Strong  ale  and  stout  for  keeping,  require  more  boiling  than  ordinary  porter 
w  table-beer  ^rewed  for  immediate  use.  The  proportion  of  the  water  carried  off  by 
mporation  is  mally  from  a  seventh  to  a  sixth  of  the  volume.  The  hops  arc  introduced 
^via^  the  progress  of  the  ebullition.  They  serve  to  give  the  beer  not  only  a  bitter 
vomatic  taste,  but  also  a  keeping  quality,  or  they  counteract  its  natural  tendency  to 
hecooe  Koor ;  an  effect  partly  due  to  the  precipitation  of  the  albumen  and  starch,  by 
ihor  reftinous  and  tanning  constituents,  and  partly  to  the  antifermentable  properties  of 
Ikdi  lapaline,  bitter  principle,  ethereous  oil,  and  resin.  In  these  respects,  there  is  none 
•f  the  hitler  plants  which  can  be  substituted  for  hops  with  advantage.  For  strong  beer, 
pvaerfnl  freah  hops  shoukl  be  selected ;  for  weaker  beer,  an  older  and  weaker  article 
viUnffice. 

The  bopi  are  either  boiled  with  the  whole  body  of  the  wort,  or  extracted  with  a 
PMioa  of  it ;  and  this  concentrated  extract  added  to  the  rest.  The  stronger  the  hops 
^the  k>nger  time  they  require  for  extraction  of  their  virtues;  for  strong  hops,  an  boiur 
^  a  half  or  two  hours  boiling  may  be  proper ;  for  a  weaker  sort,  half  an  hour  or  an 
^  BMiy  be  suflkient ;  but  it  is  never  advisable  to  push  this  process  too  far,  lest  a  dis- 
ipecable  bitterness,  without  aroma,  be  imparted  to  the  beer.  In  our  breweries,  it  is  tke 
inetiee  to  boil  the  hops  with  a  part  of  th«  #ort,  and  to  filter  the  decoction  tlirough  a 
'ttiier,  called  the  jack  hop-htuk.  The  proportion  of  hops  to  malt  is  very  various ;  but,  in 
fAoal,  from  a  pound  and  a  quarter  to  a  pound  and  a  half  of  the  former  are  taken  for 
M  is.  of  the  latter  in  making  good  table-beer.  For  porter  and  stron?  ale,  2  pounds  of 
are  used,  or  even  more ;  for  instance,  one  pound  of  hope  to  a  bushel  of  malt,  if  the 
^  he  destined  for  the  consumption  of  India. 

Bvmi?  the  boiling  of  the  two  ingredients,  much  coagulated  albuminous  matter,  m 
^nm  slates  of  combination,  makes  its  appearance  in  the  liquid,  constituting  what  i^ 
the  ftreolrtag  or  curdling  of  the  warty  when  numerous  minute  flocks  are  seen  floating 
TIm  resinous,  bitter,  and  oily-ethereons  principles  of  the  hops  combine  with  the 
1^  aad  gum,  or  dextrine  of  the  wort ;  but  for  this  effect  they  require  time  and  heat ; 
ikoviftf  that  the  boil  is  not  a  process  of  mere  evaporation,  but  one  of  chemical  reactkm. 
^icflowisli-ffreen  pellicle  of  hop-oU  and  resin  appears  upon  the  surface  of  the  boiling 
in  a  somewhat  fVothy  form :  when  this  disappears,  the  boiling  is  presumed  to  be 
•spieled,  and  the  beer  is  strained  off  into  the  cooler.   The  residuar}-  hop?  may  be 
Med  and  used  for  an  inferior  quality  of  beei ;  or  they  may  be  boiled  with  fresh  worf» 
>N  he  added  to  the  next  brewing  charge. 

Afi.  107,108,  represent  the  copper  of  a  London  brewery.  Fig.  107  is  a  vertical  sectkNi; 
h»  tB6,  a  ffronnd-plan  of  the  fire-grate  and  flue,  upon  a  smaller  scale :  a  is  the  close  eop- 
PVhldt,  having  its  bottom'  convex  within ;  6  is  the  open  pan  placed  upon  its  top.  From 
dipper  part  of  the  copper,  a  wkle  tube,  c,  ascends,  to  carry  off  the  steam  generalfd 
hriif  tke  ebullition  of  the  wort,  which  is  conducted  through  four  downwards-slanting 
Ite,  d  d  (two  only  are  visible  in  this  section),  into  the  Ikiuor  of  the  pan  6,  in  order  lo 
MM  flla  eomtCBls.  A  vertical  iron  shaft  or  spindle,  e,  passes  down  through  the  tvbe 
lo  tlM  bottom  of  the  copper,  and  is  there  mounted  with  an  iron  anB|  eaDed  m 


122 


roum,  which  carries  round  a  chain  hong  in  loops,  to  prevent  the  hops  from  adhering  |q 
the  hottom  of  the  boiler.  Three  bent  stays,/,  are  stretched  across  the  interior,  to  sopCMit 
the  shaft  by  a  collet  at  their  middle  junction.   The  shaft  carries  at  its  upper  end  a  borvd 


wheel,  g,  working  into  a  bevel  pinion  upon  the  axis  A,  which  may  be  turned  either  by 
power  or  by  hand.  The  rouser  shaft  may  be  lifted  by  means  of  the  chain  i,  which,  going 
over  two  puUeyit,  has  its  end  passed  round  the  wheel  and  axle  ky  and  is  turned  by  a 
winch :  /  is  a  tube  for  conveying  the  waste  steam  into  the  chinmey  m. 

The  heat  is  applied  as  follows : — For  heating  the  colossal  coppers  of  the  London 
breweries,  two  separate  fires  are  required,  which  are  separated  by  a  narrow  wall  of 
brickwork,  n.  Jigs,  107,  108.  The  dotted  circle  a'  a'  indicates  the  largest  circnmferenee  of 
the  copper,  and  1/  V  its  bottom ;  o  o  are  the  grates  upon  which  the  coals  are  thrown, 
not  tbrotiirh  folding  doors  (as  of  old),  but  through  a  short  slanting  iron  hopper,  shonti  at 
Pi  fig'  107,  built  in  the  wall,  and  kept  constantly  filled  with  the  fuel,  in  order  to  exdnde 
the  air.  Thus  the  lower  stratum  of  coals  gets  ignited  before  it  reaches  the  grate.  Above 
the  hopper  a  narrow  channel  is  provided  for  the  admission  of  atnM)spherica1  air,  in 
such  quantity  merely  as  may  be  requisite  to  complete  the  combustion  of  the  smoke  of 
the  coals.  Behind  each  grate  there  is  a  fire-bridge,  r,  which  reflects  the  flame  upwards, 
and  causes  it  to  play  upon  the  bottom  of  the  copper.  The  burnt  air  then  passes  nrand 
the  copper  in  a  semicircular  flue,  t  a,  from  which  it  flows  oflf  into  the  chimney  m,  on 
whose  under  end  a  slidine  damper-plate,  /,  is  placed  for  tempering  the  draught  Whem 
cold  air  is  admitted  at  this  orifice,  the  combustion  of  the  fuel  is  immediately  checked. 
There  is,  besides,  another  slide-plate  at  the  entrance  of  the  slanting  flue  into  the  vertical 
chimney,  for  rei>ii]atinir  the  play  of  the  flame  under  and  around  the  copper.  If  the  plate 
t  be  opened,  and  the  other  plate  shut,  the  power  of  the  fire  is  suspended,  as  it  ought  to 
be,  at  the  time  of  empiyinsr  the  copper.  Immediately  over  the  grate  is  a  brick  arch,  «,  to 
protect  the  front  edge  of  the  copper  from  the  first  impulsion  of  the  flame.  The  chim- 
ney is  supported  upon  iron  pillars,  r,  v ;  is  a  cavity  closed  with  a  slide-plate,  through 
which  the  ashes  may  be  taken  out  from  behind,  by  means  of  a  long  iron  hook. 

Fig,  109  represents  one  of  the  sluice-cocks,  which  are  used  to  make  the  commu- 
nications of  the  pipes  with  the  pumps,  or  other  parts  of  the  brewery,  b  b  repreaeiiti 
the  pipe  in  which  the  cock  is  placed.  The  two  parts  of  this  pipe  are  screwed  to  tke 
dde  of  a  box,  c  c,  in  which  a  slkler,  a,  rises  and  faUs,  and  intercepts,  at  pleutuie^  tke 
petnge  of  the  pipe.  The  sUder  is  moved  by  the  rod  a.  Thii  ptases  through  a  ttuffiag - 


li^  k  tke  top  of  the  box  wUeh  cont«iiis  the  slider,  and  has  the  rack  b  fastened  to  it 
IWnck  u  moved  hy  a  piaioii  fixed  apon  the  axis  of  a  handle  and  the  rack  and  pinion 
m  eoolBiaed  im,  a  frame  dy  which  is  supported  by  two  piUan.  The  frame  contains  a 
■mo  roDer  behind  the  rack,  wliieh  bears  it  up  towards  the  pinion,  and  keeps  ito  teeth 
■p  to  dke  teeth  of  the  pinion.  The  slider  a  is  made  to  fit  accurately  against  the  internal 
<w&ee  of  the  box  c,  and  to  bear  against  this  surface  by  the  pressure  of  a  spring,  so  as  to 
Btke  s  prrfectly  close  fitting. 

Fig,  110  is  a  small  cock  to  be  placed  in  the  side  of  the  great  store  vato,  for  the 
parpoce  of  drawing  off  a  small  quantity  of  beer,  to  taste  and  try  its  quality,   a  is  a 


part  cf  the  stave  or  thickness  of  the  great  store  vat ;  into  this  the  tube  b  of  the  cock  is 
fitted,  and  is  held  tight  in  its  place  by  a  nut,  a  a,  screwed  on  withinside.   At  the  other 
fifed  of  the  tuby,  a  plug,  c,  is  fitted,  by  grinding  it  into  a  cone,  and  it  is  kept  in  by  a 
icrew.  This  piug  has  a  hole  up  the  centre  of  it,  and  from  this  a  hole  proceeds  side- 
wise,  sad  corresponds  with  a  hole  made  through  the  side  of  the  tube  when  the  cock  is 
open ;  but  when  the  plug  e  is  turned  round,  the  hole  will  not  coincide;  and  then  the 
cock  will  be  shuL   d  is  the  handle  or  key  of  the  cock,  by  which  its  plug  is  turned  to 
open  or  shut  it :  this  handle  is  put  up  the  bore  of  the  tube  (the  cover  e  being  first 
soscrewed  and  removed),  and  the  end  of  it  is  adapted  to  fit  the  end  of  the  plug  of  the 
eock.  The  handle  has  a  tube  or  pa»sase  bored  up  it,  to  convey  the  beer  away  from  the 
eock  when  it  is  opened,  and  from  this  the  passage  /,  through  the  handle,  leads,  to  draw 
tke  beer  into  a  glass  or  tumbler.   The  hole  in  the  side  of  the  plug  is  so  arrani^cd,  that, 
vkes  the  handle  it  turned  into  a  perpendicular  direction,  with  the  passage /  duwnwards, 
the  eock  will  be  open.   The  intention  of  this  contrivance  is,  that  there  shall  be  no 
ttsiidertble  projection  beyond  the  surface  of  the  tun ;  because  it  sometimes  happens 
thtt  a  great  hoop  of  the  tun  breaks,  and,  falling  down,  its  great  weight  would  strike  out 
•a7eod[  whieh  had  a  projection;  and,  if  this  happened  in  the  night,  much  beer  might 
^  lott  before  it  was  discovered.   The  cock  above  described,  being  almost  wholly  within- 
Bie,  and  having  scarcely  any  projection  beyond  the  outside  surface  of  the  tun,  is  secure 
hm  this  aceident. 

ill  is  a  small  contrivance  of  a  vent  peg,  to  be  screwed  into  the  head  of  a  compioo 
c«k  when  the  beer  is  to  be  drawn  ofi*  from  it,  and  it  is  necessary  to  admit  some  air  to 
allow  the  beer  to  flow,  a  a  represents  a  portion  of  the  head 
of  the  cask  into  which  the  tube  b  is  screwed.  The  top  of 
this  tube  is  surrounded  by  a  small  cup,  from  which  project 
the  two  small  bandies  c  c,  by  which  the  peg  is  turned  round  to 
screw  it  into  the  cask.  The  cup  round  the  other  part  of  the 
tube  is  filled  with  water;  into  this  a  small  cop,  d,  is  inverted ; 
in  consequence,  the  air  can  gain  admission  into  the  cnsk  when 
the  pressure  within  is  so  far  diminished,  that  the  air  bubble 
*9  tkroagh  the  water,  and  enter  beneath  the  small  cup  d. 

Tke  Doti  eflieient  substance  for  fining  beer  hitherto  discovered  is  isinglass,  which  if 
^pued  by  solution  in  vinegar  or  old  stale  beer,  and  this  solution  »  afterwards  reduced 
vilk  thin  mild  beer  generally  horewed  for  the  purpose,  in  all  large  establibhme nts,  from  a 
^  ^  return  wort.  It  must  next  be  passed  through  a  fine  hair  sieve,  by  means  of  rub- 
y  il  down  with  a  hard  hair-brush,  and  brought  to  the  proper  consistency  by  thin  mild 
If  properly  made,  it  will  be  dear,  transparent,  and  free  from  feculencies.  Finings 
*^  excellently  to  remove  any  extraneous  matter  that  may  be  found  floating  in  the  beer, 
^  Ikns  changes  it  from  bright  to  brilliant.  The  common  quantity  used  is  from  a  pint 
^  >  fiait  per  barrel,  according  to  the  nature  of  the  beer. 

Meertain  whether  the  beer  is  in  a  fit  state  for  fining,  put  it  into  a  long  gla« 
^Urie  vewel,  and  add  to  it  a  teaspoonAil,  or  thereby,  of  the  fining;  then  give  tht 
^'Bve  a  good  shake,  by  turning  the  vessel  np  and  down,  after  closing  its  month  with 


m 


BERRIES  OP  AVIGNON. 


tlie  palm  of  the  hand.  If  the  beer  has  been  well  brewed,  ita  aptitode  to  become  briglit 
inU  be  soon  shown  by  the  mixture  getting  thick  and  curdy  {  a  bright  portion  will  gencr- 
ally  show  itself  at  the  bottom  or  middle ;  after  which  the  finings  will  gradually  monnt  to 
th«  top,  taking  up  all  the  impurities  along  with  them,  till  the  whole  becomes  brilUaiU. 
Some  have  sa&  that  the  finings  should  carry  the  impurities  down  to  the  bottom ;  bat 
this,  according  to  Mr.  Black,*  takes  place  only  with  stubborn  beer,  which  would  not  be- 
come thoroughly  bright  with  any  quantity  of  finings  which  could  be  introduced.  Finings 
have  usually  a  specific  gravity  of  from  1-010  to  1-016,  and,  when  added  to  beer  in  a  fit 
condition  for  fining,  invariably  go  to  the  top,  and  not  to  the  bottom.  In  fining  beer  in 
a  barrel  laid  on  its  side,  if  the  finings  do  not  make  their  appearance  at  the  bang-hole, 
the  beer  will  not  become  bright.  The  isinglass  must  not  be  dissolved  with  heat,  nor  in 
hot  water. 

Beer  brewed  from  imperfectly  malted  grain,  or  from  a  mixture  of  malt  and  raw  com, 
gives  a  fermentation  quite  difierent  in  flavor  from  that  of  beer  from  sound  malt.  The 
nose  is,  in  fact,  the  best  guide  to  the  experienced  brewer  for  ascertaining  whether  his 
process  is  going  on  well  or  ilL 

Bopiness  is  a  morbid  state  of  beer,  which  is  best  remedied,  according  to  Mr.  Black,  by 
patting  the  beer  into  a  vat  with  a  false  bottom,  and  adding,  per  barrel,  4  or  5  pounds  of 
hops,  taken  gradually  away  after  the  first  boilings  of  the  worts ;  and  to  them  may  be 
added  about  half  a  pound  per  barrel  of  mustard-seed.  Rouse  the  beer  as  the  hops  are 
gradually  introduced,  and,  in  some  months,  the  ropiness  will  be  perfectly  cured.  The 
beer  should  be  drawn  off  from  below  the  false  bottom. 

For  theoretical  views,  see  Fermentation  ;  and  for  wort- cooling  apparatus,  see  Refbi- 

GERATOB. 

•      BEET-ROOT  SUGAR.   See  Sugar. 

BELL-METAL,  an  alloy  of  copper  and  tin.   See  Copper. 
BELLOWS.   See  Metajllurgy. 

BEN  OIL.    See  Oil  of  Ben.  • 
BENGAL  STRIPES.    Ginghams;  a  kind  of  cotton  ck>th  woven  with  colmd 
stripes. 

BENJAMIN  or  BENZOIN.  (Benjoin^  Fr. ;  Benzde,  Germ.)  A  species  of  resin  used 
chiefly  in  perfumery.  It  is  extracted  by  incision  ftom  the  trunk  and  branches  of  the  tfy- 
rax  binzoin,  which  grows  in  Java,  Sumatra,  Santa  F^,  and  in  the  kingdom  of  Siam.  The 
.  plant  belongs  to  the  decandria  monogynia  of  Linnsus,  and  the  natural  family  of  the  ebe- 
nacese.  It  hardens  readily  in  the  air,  and  comes  to  us  in  brittle  masses,  whose  fracture 
presents  a  mixture  of  red,  brown,  and  white  grains  of  various  sizes,  which,  when  white, 
and  of  a  certain  shape,  have  been  called  amygdaloidy  from  their  resemblance  to  almonds. 
Th6  torted  benzoin  is,  on  the  other  hand,  very  impure. 

The  fracture  of  benzoin  is  conchoidal,  and  its  lustre  greasy :  its  specific  gravity  vmries 
from  1-063  to  1*092.  It  has  an  agreeable  smell,  somewhat  like  vanilla,  which  is  most 
manifest  when  it  is  ground.  It  enters  into  fusion  at  a  gentle  heat,  and  then  exhales  a 
white  smoke,  which  may  be  condensed  into  the  acicular  crystals  of  benzoic  acid,  of  whidi 
it  contains  18  parts  in  the  hundred.  Stoltze  recommends  the  following  process  for  ex- 
tracting the  acid.  The  resin  is  to  be  dissolved  in  3  parts  of  alcohol,  the  solution  it  to  be 
introduced  into  a  retort,  and  a  solution  of  carbonate  of  soda  dissolved  in  dilute  alcohol  is  to 
be  gradually  addll  to  it,  till  the  free  acid  be  neutralized ;  and  then  a  bulk  of  water  equal 
to  doable  the  weight  of  the  benzoin  is  to  be  poured  in.  The  alcohol  being  drawn  off  by 
'  distillation,  the  rMuning  liquor  conuins  the  acid,  and  the  resin  floating  upon  it  may  be 
skimmed  off  anAiXshed,  when  its  weight  will  be  found  to  amount  to  about  80  per  cenU 
»  of  the  raw  material.  The  benzoin  contains  traces  of  a  voUtile  oil,  and  a  substance  solu- 
ble in  water,  at  least  through  the  agency  of  carbonate  of  potash.  Ether  does  not  dissolve 
benzoin  completely.   The  fat  and  volatile  oils  dissolve  very  little  of  it. 

Unverdorben  has  found  in  benzoin,  besides  benzoic  acid,  and  a  little  volatile  oD,  no  less 
than  three  different  kinds  of  resin,  none  of  which  has,  however,  been  turned  as  yet  to 
any  use  m  the  arts. 

Benzoin  is  of  great  use  in  perfumery,  as  it  enters  into  a  number  of  preparations ;  ainon^ 
which  may  be  mentioned  fumigating  pastilles,  fumigating  cloves  (called  also  nails), |ioii^ 
d  la  marechak,  &,c.  The  alcoholic  tincture,  mLxed  with  water,  forms  virginal  millu 
Benzoin  enters  also  into  the  composition  of  certain  varnishes  employed  for  snuff-boxies 
and  walking-sticks,  in  order  to  give  these  objects  an  agreeable  smell  when  they  become 
heated  in  the  hand.  It  is  likewise  added  to  the  spirituous  solution  of  isinglass  with 
vhicb  the  best  court  plaster  is  made. 

BERUNBLUE.   Prussian  blue.   See  Blue. 

BERRIES  OF  AVIGNON,  and  Persian  Berries.  {Grainu  d'jSvigntm,  Fr. ; 
OMmtUy  Genn.)  A  yeUowish  dye-drug,  the  fruit  of  the  rhanmus  vtfectorins,  a  plaal 
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caltiTEted  in  ProTence,  Langnedoc,  and  Danphin6,  for  the  sake  of  its  berries,  which  a-e 
plucked  before  they  are  ripe,  while  they  have  a  greenish  hue.  Another  variety  comn 
from  Persia,  whence  its  trivial  name :  it  is  larger  than  the  French  kind,  and  has  supraior 
properties.  The  principal  substances  containeid  in  these  berries  are,  1.  A  colormg  mat- 
ter, which  is  nnit^  with  a  matter  insoluble  in  ether,  little  soluble  in  concentrated  alcohol, 
tod  very  soluble  in  water :  it  appears  to  be  volatile.  2.  A  matter  remarkable  for  its 
iMttemcss,  which  is  soluble  in  water  and  alcohol.  3.  A  third  principle,  in  small  quantity. 
A  decoction  of  one  part  of  the  Avignon  or  Persian  berry  in  ten  of  water  affords  a  brovm- 
reUow  liquor  bordering  upon  green,  having;  the  smell  of  a  vegetable  extract,  and  a  slightly 
bitter  taste. 

With  gelatine  that  decoction  gives,  after  some  time,  a  slight  precipitate, — 

—  alkalis        -----      a  yellow  hue, 

—  acids  a  slight  muddiness, 

—  lime-water         -      -      -      -      a  greenish-yellow  tint, 

—  alum  a  yellow  color, 

—  red  sulphate  of  iron     -      -      -      an  olive-green  color, 

—  sulphate  of  copper         -      -      -  an  olive  color, 

—  proto-muriate  of  tin  -      -      a  greenish  yellow  with  a  slight 

precipitate.      (See  Calico 
Printino.) 

>B£RTL.  A  beautiful  mineral  vr  gem,  of  moderate  price,  usually  of  a  green  cc^ot  of 
^^-*nous  shades,  passing  into  honey-yelk)w  and  sky  blue. 

^EZOAR.   The  name  of  certain  concretions  found  in  the  stomachs  of  animals,  to 
^^^ich  many  fanciful  virtues  were  fortnerly  ascribed.   They  are  interesting  only  to  (be 
*^  ^^ical  pathologist. 

^IL£.  ( Bile,  Ft,  ;  gallty  Grerm.)  The  secreted  liquor  of  the  liver  in  animals.  For  an 
^  "^CMunt  of  the  uses  of  animal  bile  in  the  arts,  see  Gall. 

^^IRDLIME.    {GlUy  Ft.  ;  Vogflleim,  Germ.)   The  best  birdlime  may  be  made  from  the 
^*^^-i«idle  bark  of  the  holly,  bofled  seven  or  eight  hours  in  water,  till  it  is  soft  and  tender. 
~^^p  laul  by  heaps  in  pits  under  ground,  covered  with  stones  after  the  water  is  drained 
'^'^ni  it.   There  it  must  be  left  during  two  or  three  weeks,  to  ferment  in  the  summer  M- 
^^ai,  and  watered  if  necessary,  till  it  passes  into  a  mucilaginous  state.   It  is  then  to  be 
^^^tmded  in  a  mortar  to  a  paste,  washed  in  running  water,  and  kneaded  till  it  be  free  fnMti 
^^Iraneous  matters.   It  is  next  left  for  four  or  five  days  in  earthen  vessels  to  ferment  and 
^'^^Jify  itself,  when  it  is  fit  for  use.   Birdlime  may  be  made  by  the  same  process  fiom  the 
*^istletoe  (viburnum  laniana),  young  shoots  of  elder,  and  the  barks  of  other  vegetables, 
well  as  from  most  parasite  plants. 

Good  birdlime  is  of  a  greenish  color,  and  sour  flavor,  somewhat  resembling  that  of  lin- 
"J^ed  oil ;  gluey,  stringy,  and  tenacious.   By  drying  in  the  air  it  becomes  brittle,  and  may 
powdered ;  but  its  viscosity  may  be  restored  by  moistening  it.   It  has  an  acid  reactkm 
^ith  liimns  paper.   It  contains  resin,  mucilage,  a  little  free  acid,  coloring  and  extract}? e 
*3a*ttcr.   The  resin  has  been  called  Viscine. 

BISMUTH.    (Bismuth,  Fr. ;  Wismuth,  Germ.)   Called  also  marcasite  and  tin-glan. 
*t  was  shown  to  be  a  metal  somewhat  different  from  lead,  by  G.  Agricola,  in  1546 ;  Stahl 
J^d  Dufay  proved  its  peculiarity ;  but  it  was  more  minutely  distinguished  by  Pott  and 
Oeofiroy,  about  the  middle  of  the  last  cehtury.   It  is  a  rare  6ub8tance,%ccurring  natfre^ 
kh  okyde,  under  the  name  of  bismuth  dichre ;  as  a  snlphuret,  called  bismuth  glance ;  kB 
^  snlphuret  with  cofper,  called  copper  bismuth  ore ;  as  also  with  conw  and  lead,  eidled 
>^eedle  ore.   It  is  found  associated  likewise  with  selenium  and  tellnrii^.   The  native 
^>wtal  occurs  in  various  forms  and  colors,  as  white,  reddish,  and  variegated ;  in  primitiTe , 
«ud  floetz  formations,  along  with  the  ores  of  cobalt,  nickel,  copper,  silver,  and  bismuth 
<>«hre ;  at  the  Saion  Erzegebirge,  near  Shneeberg,  and  Joh.  Georgenstadt ;  also  in  Bohe- 
*iiia,  Baden,  Wurtemberg,  Hessia,  Sweden,  Norway,  England,  and  France. 

The  production  of  this  metai  is  but  a  limited  object  of  the  smelting-works  of  the  Saxon 
I^rregebirge  at  Schneebere.  It  there  occurs,  mixed  with  cobalt  speiss,  in  the  proportion 
of  about  7  per  cent,  upon  the  average,  and  is  procured  by  means  of  a  peculiar  flirnace  of 
liqoation,  which  is  the  most  economical  method,  both  as  to  saving  fuel,  and  oxydizement 
oflbe  bismuth. 

The  bismuth  eliquation  furnace  at  Schneeberg  is  represented  in  Jigs.  112, 113,  and  114, 
<>f '•hich  the  first  is  a  view  from  above,  the  second  a  view  in  front,  and  the  third  a  trans- 
^  section  in  the  dotted  line  a  b  of  ^g.  112.  a  is  the  ash-pit ;  b,  the  fireplace ;  c,  the  eli- 
'P^tion  pipes ;  rf,  the  grate  of  masonry  or  brickwork,  upon  which  the  fuel  is  thrown  through 
fire-door  e  e.   The  anterior  deeper  lying  orifice  of  the  eliquation  pipes  is  closed  with 
oie  day.plate  /;  which  has  beneath  a  small  circular  groove,  through  which  the  liquefied 
■«W  flows  off",   g  is  a  wall  extending  from  the  hearth-sole  nearly  to  the  anterior 
'nice  of  the  eliquation  pipes,  in  which  wall  there  are  as  many  fire-holes.  A,  as  there  are 
W** » the  furnace :  i  are  iron  pans,  which  receive  the  fluid  metal;  h,  a  wooden  water- 
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trough,  in  which  the  hismnth  ii  granulated  and  cooled ;  2,  the  posterior  and  higher 
apertures  of  the  eliquatioa  pipes,  shut  merely  with  a  sheet-iron  eorer.   The  granulaCww 
of  bismuth  drained  from  the  posterior  openings  fall  upon  the  flat  surfaces  m,  and  '^hea 


into  the  water-trou^Ii.  n  n  are  (]raugLt-hi*Ies  in  the  vault  between  the  two  pipes,  which 
serve  for  increasing  or  diminishing  the  heat  at  pleasure. 

'  The  ores  to  be  cliquateU  (sweated)  are  sorted  by  han  1  from  the  gangue,  broken  into 
pieces  about  the  size  of  a  hazel  nut,  and  introduced  into  the  isrnited  pipes  ;  one  charge 
eonsistin;;  of  about  |  cwt. ;  so  that  the  pipes  are  filled  to  half  their  diameter,  and  three 
fourths  of  their  length.  The  sheet-iron  door  is  shut,  and  the  fire  strongly  urged,  whereby 
the  bismuth  begins  to  flow  in  ten  minutes,  and  falls  through  the  holes  in  the  day-plates 
into  hot  pans  containing  some  coal-dust.  Whenever  it  runs  slowly,  the  ore  is  stirred 
round  in  the  pipes,  at  intervals  during  half  an  hour,  in  which  time  the  liquation  is  usually 
finished.  The  residuum,  called  bismuth  barley  (graupen),  is  scooped  out  with  iron  rakes 
into  a  water  trough ;  the  pipes  are  charged  afresh ;  the  pans,  when  full,  have  their  con- 
tents cast  into  moulds,  forming  bars  of  from  25  to  50  pounds  weight.  Abont  20  cwt.  of 
ore  are  smelted  in  8  hours,  with  a  consumption  of  63  Leipzic  cubic  feet  of  wood.  The 
total  production  of  Shoeeberg,  in  1830,  was  9800  lbs.  The  bismuth  thus  procured  by 
liquation  upon  the  great  scale,  contains  no  small  admixture  of  arsenic,  iron,  and  some 
oUter  metals,  from  which  it  may  be  freed  by  solution  in  nitric  acid,  precipitation  by  water, 
and  reduction  of  the  subnitrated  oxyde  by  black  flux.  By  exposing  the  crude  bismuth 
for  some  time  to  a  dull  red  heat,  under  charcoal,  arsenic  is  expelled. 

Bismuth  is  white,  and  resembles  antimony,  but  has  a  reddish  tint ;  whereas  the  latter 
metal  has  a  blueish  cast.  It  is  brilliant,  crystallizes  readily  in  small  cubical  facets,  is 
Tery  brittle,  and  may  be  easily  reduced  to  powder.  Its  specific  gravity  is  9*83  ;  and  by 
haznmering  it  with  care,  the  density  may  be  increased  to  9*8827.  It  melts  at  48Cf^  Fahr., 
and  may  be  cooled  6  or  7  degrees  below  this  point  without  fixing ;  but  the  moment  it  be- 
gins'to  solidify,  the  temperature  rises  to  480^,  and  continues  stationary  till  the  whole 
mass  is  congealed.  V^en  heated  finom  32?  to  212?,  it  expands  in  length.  When 
pore  it  aflfords  a  very  valuable  means  of  adjusting  the  scale  of  high-ranged  thermometers. 
At  strong  heats  bismuth  voUtilizeSy  may  be  distilled  in  close  veniels,  and  is  thus  obtained 
m  crystalline  hwiins.  ^ 

The  alloy  ofoismuth  and  lead  in  equal  parts  has  a  density  of  10-709,  being  greater 
Ann  the  mean  of  the  constituents ;  it  has  a  foliated  texture,  is  brittle,  and  of  the  same 
tolm  as  bismuth.  Bismuth,  with  tin,  forms  a  compound  more  elastic  and  sonorous  than 
the  tin  itself,  and  is  therefore  frequently  added  to  it  by  the  pewterers.  With  1  of  bis- 
muth and  24  of  tin,  the  alloy  is  somewhat  malleable ;  with  more  bismuth,  it  is  brittle. 
When  much  bismuth  is  present,  it  may  be  easily  parted  by  strong  muriatic  acid,  which 
dissolves  the  tin,  and  leaves  the  bismuth  in  a  black  powder.  It  has  been  said,  that  an 
alloy  of  tin,  bismuth,  nickel,  and  silver  hinders  iron  from  rusting.  (Erdmann't  Journal,) 
The  alloy  of  bismuth  with  tin  and  lead  was  first  examined  by  Sir  I.  Newton,  and  has 
been  called  ever  since  fusible  metal.  Eight  parts  of  bismuth,  5  of  lead,  and  3  of  tin,  melt 
at  the  moderate  temperature  of  202?  F. ;  but  2  of  bismuth,  1  of  lead,  and  1  of  tin,  melt 
at  200*75°  F.  according  to  Rose.  A  small  addition  of  mercury  of  course  aids  the  fusi- 
bility. Such  alloys  serve  to  take  casts  of  anatomical  preparations.  An  alloy  of  1  bis- 
muth, 2  tin,  and  1  lead,  is  employed  as  a  soil  solder  by  the  pewterers ;  and  the  same 
has  been  proposed  as  a  bath  for  tempering  steel  instruments.  Cake-moulds,  for  the 
nanufacturers  of  toilet  soaps,  are  made  of  the  same  metal ;  as  also  excellent  cliche  for 
stereotype,  of  3  lead,  2  tin,  and  5  bismuth ;  an  alloy  which  melts  at  199°  F.  This  oom- 
Voand  should  be  allowed  to  cool  upon  a  piece  of  pasteboard,  till  it  becomes  of  a  doughy 
eonsistence,  before  it  is  applied  to.  the  mould,  to  receive  the  impress  of  the  stamp. 


drruMEN. 


Tk  emplojrmeiit  of  plates  of  fusible  melal  as  safety  nmddks,  to  apertures  in  the  tops 
of  ileuB  boQeiSy  has  been  proposed  in  France,  because  they  would  melt  an4  give  way  at 
dentioDS  of  temperature  under  those  which  would  endanger  the  bursting  of  the  vessel ; 
tbe fsiihility  of  the  alloy  being  proportioned  to  the  quality  of  steam  required  for  the  en- 
giie.  It  has  been  found,  however,  that  boilers,  apparently  secured  in  this  way,  burst, 
whde  the  safety  discs  remained  entire ;  the  expansive  force  of  the  steam  causing  explo- 
sios  so  sodden]^,  that  the  fusible  alloy  had  not  time  to  melt  or  give  way. 

There  are  two,  perhaps  three,  oxydes  of  bismuth ;  the  first  and  the  third,  or  the  sub-' 
oifde  and  saper-ozyde,  are  merely  objects  of  chemical  curiosity.  The  oxyde  proper  occurs 
Mtire,  and-may  be  readily  formed  by  exposing  the  metal  to  a  red-white  heat  in  a  muffle, 
when  it  takes  fire,  bums  with  a  faint  blue  flame^  and  sends  ofi*  fumes  which  condense  into 
t  ydkrw  polvemlent  oxyde.  But  an  easier  process  than  that  now  mentioned  is  to 
diMolTe  the  bismuth  in  nitric  acid,  precipitate  with  water,  and  expose  the  precipitate  to 
t  red  heat.  The  oxyde  thus  obtained  has  a  straw  yellow  color,  and  Aises  at  a  high 
hat  into  an  opaque  glass  of  a  dark-brown  or  black  color;  but  which  becomes  less 
opunie  and  yellow  aAer  it  has  cooled.  Its  specific  gravity  is  so  high  as  8*211.  It  con- 
«tt  of  89-87  of  metal  and  10*13  oxygen  in  100  parts.  The  above  precipitate,  which 
ii  t  sob-oitnte  of  bismuth,  is  called  pearl-whUpy  and  is  employed  as  a  flux  for  certam 
CMBeb;  as  it  augments  their  fusibility  without  imparting  any  color  to  them.  Hence, 
it  ii  used  sooietimes  as  a  vehicle  of  the  colors  of  other  metdlic  oxydes.  When  well 
vuhed,  it  is  employed  in  gilding  porcelain ;  being  added  in  the  proportion  of  one 
ifteeith  to  the  gold.  But  pearl-white  is  most  used  by  ladies  as  a  cosmetic  for  giving  A 
hriUint  tint  to  a  faded  complexion.  It  is  called  6/aiic  de  fardy  by  the  French.  If  it  eon- 
lUM,  u  hismuth  often  does,  a  little  silver,  it  becomes  gray  or  dingy  colored  on  exposure 
Ii  light  When  the  oxyde  is  prepared,  by  dropping  the  nitric  solution  into  an  alkaline 
ky  it  excess,  if  this  precipitate  is  well  washed  and  dried,  it  forms  an  excellent  medicine ; 
nd  ii  given,  mixed  with  gum  tragacanth,  for  the  relief  of  cardialgia,  or  burning  and 
H— wdic  pains  of  the  stomach. 

iaolher  sort  of  pearl-powder  is  prepared  by  adding  a  very  dilute  solution  of  common 
■llto the  above  nitric  solution  of  bismuth,  whereby  a  pulverulent  sub-chloride  of  the 
Ml  b  obtained  in  a  light  flocculent  form.  A  similar  powder  of  a  mother-of-peari 
Mpeet  Bay  be  formed  by  dropping  dilute  muriatic  acid  into  the  solution  of  nitrate  of 
hianih.  The  arsenic  always  present  in  the  bismuth  of  commerce  is  converted  by  nitric 
tod  mto  arsenic  acid,  which,  forming  an  insoluble  arseniate  of  bismuth,  separates  firom 
tk  lohitioD,  unless  there  be  such  an  Excess  of  nitric  acid  as  to  re^issolve  it.  Hence  tht 
■ofieiBal  oxyde,  prepared  from  a  rightly-made  nitrate,  can  contain  no  arsenic.  If  we 
vrile  with  a  pen  dipped  in  that  solution,  the  dry  invisible  traces  will  become  legible  on 
phaiiag  the  paper  in  water. 

U  ku  been  proposed  to  substitute  bismuth  for  lead  in  assaying  silver,  as  a  smaller 
Vtttity  of  it  answers  the  purpose,  and,  as  its  oxyde  is  more  fluent,^  can  therefore 
mrate  the  cupel  more  readily,  aind  give  a  more  rapid  result.   But,  independently 

tbe  objection  from  its  high  price,  bismuth  has  the  disadvantage  of  boiling  up,  at 
as  of  rocfcrag  or  vegetating,  with  the  silver,  when  the  eupellation  requires  a  hig^ 
hciL  In  extracting  the  silver  from  the  galena  found  in  the  copper-mine  of  Yahlun, 
't  his  happened  sometimes  that  the  silver  concreted  towards  the  end  of  the  operation, 
lid  prodoeed  a  cauliflower  excrescence,  which  had  to  be  cupelled  again  with  a  fresh 
sf  lend.  It  was  observed  that,  in  this  case,  a  portion  of  the  silver  had  passed  into 
thtofid.   Benelins  detected  in  a  sample  of  silver  thus  concreted, |lie  pretenee  of 

The  nitrate  of  bismuth,  mixed  with  solution  of  tin  and  tartar,  has  been  employed^  I 
andbat  for  dyeing  lilach  and  violet  in  calico  printing. 

^  BBTRE.  (Bw/re,  Fr. ;  6tt/er,  Germ.)  A  brown  color  which  is  used  in  water  colony 
ii  the  same  way  as  China  ink.  It  is  prepared  Oom  wood-soot,  that  of  beech  being  pre- 
^snL  The  most  compact  and  best  burned  parceln  of  soot  are  collected  from  the  chim- 
■cy,  palverized,  and  passed  through  a  silk  sieve.  This  powder  is  inAised  in  pure  water, 
tnl  ftirred  frequently  with  a  glass  ruler,  then  allowed  to  settle,  when  the  water  is  decant- 
ed. If  the  salto  are  not  all  washed  away,  the  process  may  be  repeated  with  warm  water, 
the  paste  is  now  to  be  poured  into  a  long  narrow  vessel  filled  with  water,  stirred  well, 
lid  left  to  settle  for  a  few  minutes,  in  order  to  let  the  grosser  parts  subside.  The  super- 
ittsat  part  is  then  to  be  poured  off  into  a  similar  vessel.  Tliis  process  may  be  repeiUed 
twice  or  thriee,  to  obuin  a  very  good  bistre.  At  last  the  settled  deposite  is  sufliciently 
Ik,  and  when  freed  from  its  supernatant  water,  it  is  mixed  with  gum-water,  moukled 
iMs  proper  eakes,  and  diied.  It  is  not  used  in  oil  painting,  but  has  the  same  effect  in 
iMMflwrf  M  brown  phik  has  in  oil. 

nrnCEN,  or  ASPHALTUM.  (BOumt,  Fr.;  Erdpechy  Germ.)  A  black  rnb- 
iMn  tend  in  the  earth,  txtemally  not  dissimilar  to  pit-eoal.  It  is  composed  of 
QAm^  kydrageny  and  oizygn,  like  organic  bodies;  but  its  origin  is  unknown.  It 
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liu  not  been  observed  among  tbe  primitive  or  oUer  stnta,  but  oeif  in  the  i 
and  alluvial  formations.  It  constitutes  Mmetimes  considerable  beds,  as  in  tbe  ids  cf 
Trinidad,  where  it  ocgodi  over  extensive  district,  in  scattered  mastet.  Tbe  pests 
part  of  the  asphaltum  to  be  met  uith  in  commerce  comes  from  tbe  Dead  Sea,  on  wboK 
shores  it  is  cast  up  and  leathered ;  whence  it  has  got  the  name  of  Jewish  bitumen,  b 
its  Mack  color  and  fracture  it  resembles  ordinary  pilch.  By  friction  it  affords  negative 
electricity.  Its  average  density  is  1*16.  It  melts  at  the  temperature  of  boiling  water, 
kindles  very  readily  at  the  flame,  bums  brightly  with  a  thick  smoke,  and  leaves  little 
ashes.  Distilled  by  itfielf,  it  yields  a  peculiar  bituminous  oil,  very  little  water,  some  eont- 
bnstible  gases,  and  traces  of  ammonia.  It  leaves  about  one  third  of  its  weight  of  char- 
coal ader  combustion,  and  ashes,  containing  silica,  alumina,  oxyde  of  iron,  sometimes  b. 
little  lime,  and  oxyde  of  mani^nese.  According  to  John,  asphaltum  may  be  deeomposed^ 
by  different  solvents,  into  three  distinct  substances.   Water  dissolves  nothing ;  alcoboL 

(anhydrous)  dissolves  out  a  yellow  resin  equal  to  6  per  cent,  of  the  weight  of  the  asphal  

tum ;  that  resin  is  soluble  in  dilute  alcohol  and  in  ether.    The  portion  not  soluble  in  the  

alcohol  gives  up  a  brown  resin  to  ether,  amounting  to  70  per  cent,  of  the  weight  of  tht 
asphaltum.    On  evaporating  off  the  ether,  the  resin  remains  of  a  brownish-black  color, 
which  dissolves  readily  in  the  \'olatile  oils,  and  in  the  oil  of  petroleum.   The  portion  oi 
asphaltum  which  does  not  dissolve  in  ether  is  ver>'  soluble  in  oil  of  turpentine,  and  in  o^^^U 
of  petroleum;  but  less  so  in  oil  of  lavender.   These  three  resinous  principles  dissoIreaiK^  -1 
together  by  digestion  in  the  oils  of  anise,  rosemar}',  turpentine,  olive,  hemp-seed,  nut,  amfc  ■! 
linseed.   Caustic  potash  dissolves  a  notable  quantity  of  asphaltum ;  but  caibonate  of  pot — 
ash  has  no  effect  upon  it. 

^  Asphaltum  enters  into  the  composition  of  hydraulic  cements,  and  into  that  of  black  Tar— 
niahes,  called  japans,  for  coating  iron  trays,  &c.    A  similar  varnish  may  be  prepared  "  ~^ 
dissolving  J 2  parts  of  fused  amber,  2  parts  of  rosin,  and  2  parts  of  asphaltum,  in  6  ] 
of  linseed  oil  varni<h,  to  which  12  parts  of  oil  of  turpentine  have  been  added. 

There  is  a  kind  of  bitumen  found  at  A  niches,  in  France,  in  the  department  of  t 
north,  which  is  black,  very  fusible,  and  soA.    It  bums  with  flame.   Alcohol,  ether, 
oil  of  turpentine  extract  from  it  a  fatty  substance,  which  may  be  saponified  with  alkalis 

The  bitumen  of  IMurindu,  near  Choco,  in  Columbia,  is  of  a  brownish-black  color,  soft.^::^^ 
and  has  an  earthy  fracture.    It  has  an  acrid  taste,  bums  with  a  smell  of  vanilla,  and  i^^^ 

said  to  contain  a  large  quantity  of  benzoic  acid.  It  appears  to  be  the  result  of  the  decom  

position  of  trees  containing  benzoin. 

Asphaltum  occurs  abundantly  at  the  surface  of  the  salt  lake  Asphaltites,  in  Jndea 
fvoduced  from  springs  in  the  neighborhood ;  it  is  floated  down,  gathers  consistence  anc^ 
iieeumulates  upon  the  surface  of  the  lake;  the  winds  drive  it  on  the  shores,  and  the  in^ — 
habitants  collect  it  for  sale.    Its  inspissalion  diffuses  a  disagreeable  smell  in  the  air  of* 
that  region,  which  is  supposed  by  the  natives  to  be  powerful  enough  to  kill  birds  whecv 
they  attempt  to  fly  across  the  lake. 

But  probably  the  most  remarkable  locality  of  asphaltum  in  the  world  is  the  entire 
basin,  or  rather  plain  of  it,  in  the  island  of  Trinidad,  called  the  Tar  Lake.  It  lies  on  the 
highest  land  in  the  island,  and  emits  a  strong  smell,  sensible  at  ten  miles'  distance.  It5 
fiiif  appearance  is  that  of  a  lake  of  water,  but  when  viewed  more  nearly,  it  seems  to  be 
a  surface  of  glass.  In  hot  weather  its  surface  liquefies  to  the  depth  of  an  inch,  and  it 
cannot  then  be  walked  upon.  It  is  of  a  circular  form,  about  three  miles  in  circumference, 
and  of  a  depth  not  ascertained.  Large  fissures  frequently  open  and  close  up  in  it,  whence 
<lie  pilch  has  been  supposed  to  float  upon  a  body  of  water.  The  soil,  for  a  considerable 
distance  round  it,  consists  of  cinders  and  burnt  earth,  and  presents  in  many  points  indi- 
cations of  convulsions  by  subterranean  fire.  In  several  parts  of  the  neighboring  woods, 
there  are  round  holes  and  fissures  in  the  ground,  containing  liquid  bitumen  to  the  depth 
of  two  inches. 

Mr.  Hatchett  examined  some  specimens  from  Trinidad,  and  concluded  that  what  had 
been  heretofore  supposed  to  be  a  pure  mineral  pitch  was  in  reality  only  a  porous  stone  of 
the  argillaceous  kind,  much  impregnated  with  bitumen. 

These  various  bitumens  belong"  exclusively  to  the  secondary  and  tertiary  geological 
formations,  and  are  not  found  among  primitive  rocks,  except  very  rarely  in  veins.  They 
occur  most  generally  in  calcareous,  argillaceous,  and  sandy  strata,  and  also  in  volcanic 
districts.  Petroleum  frequently  floats  on  the  waters  which  issue  from  the  volcanic  monn- 
tains,  or  which  lie  at  their  base ;  even  the  sea  is  at  times  covered  with  it  near  the  vol- 
canic islands  of  Cape  Verd.  Mr.  Breislnck  observed  a  petroleum  spring  rising  from  the 
bottom  of  the  sea  near  the  sonthem  base  of  Vesuvius. 

The  substance  with  which  bitumen  seems  to  have  the  most  constant  and  most  remaik- 
able  relations,  is  sea-salt ;  so  that  almost  all  the  countries  most  abundant  in  petro]evi&, 
as  Italy,  Transylvania,  Persia,  the  environs  of  Babylon,  the  region  of  the  Dead  Sea,  fcc., 
contain  salt  mines,  or  lakes,  or  exhibit  saline  eflloresccnces.  Iron  pyrites  is  often  im- 
pregnated with  petroleum,  or  contains  a  bituminous  nucleus. 


BLACK  DYE. 


l!he  ori|^  of  hitmnen  is  «s  little  known  as  that  of  most  of  the  prodactionf  of  nature. 
8oBe  regard  it  ai  an  empyreamatic  oil,  a  matter  analogous  to  liqnid  resin  or  essential 
oil,  resulting  from  the  destruction  of  that  astonishing,  multitude  of  animals  and  vege- 
tablet  buried  in  the  earth,  whose  solid  remains  are  daily  brought  to  view  in  mineral 
Rtearches.  It  bas  been  also  supposed  that  naphtha  and  petroleum  are  the  product  of 
voals  decomposed  either  by  the  fire  of  volcanoes,  by  the  subterranean  combustion  of  coal 
itself,  or  by  the  decomposition  of  pyrites.  The  latter  opinion  is  not  supported  by  any 
direct  evidence,  but  the  two  former  are  sufficiently  probable. 

Elastic  BUumm  is  a  rare  substance,  found  hitherto  only  near  Castleton,  in  Derby- 
ikire,  in  fissures  of  slaty  clay. 

BUuminouM  masiic,  or  cement,  has  been  of  late  extensively  employed  in  France  for 
wvering  roofs  and  terraces,  and  lininjr  water  cisterns.  The  mineral  bitumen  used  for 
the  composition  of  this  mastic  is  procured  chiefly  from  the  Obiann  (Bas-Rhin),  from 
the  Pare  (department  de  PAin),  and  from  the  Puy^'la-Poix  (department  of  Puy^e- 
Dome.)  But  boiled  coal-tar  answers  equally  well.  In  the  neighborhood  of  these 
localities,  there  is  a  limeMonc  impregnated  with  bitumen,  which  suits  for  giving  con- 
sistence to  the  cement.  This  is  well  dried,  cround  to  powder,  sifted,  and  stirred  while 
boc,  in  about  one  fifth  its  weight  of  melted  asphaltum,  contained  in  a  cast-iron  boiler. 
Dry  chalk  or  biicks,  ground  and  sifted,  will  suit  equally  well.  As  soon  as  this  paste  is 
made  quite  hoDM»freneous,  it  is  lifted  out  with  an  iron  shovel  or  spoon,  and  spread  in 
rectangular  mculds,  secured  with  at  the  joints,  fastened  to  a  kind  of  platform  of 
smoothed  planks,  covered  with  strong  sheet-iron.  The  sides  of  these  moulds  should  be 
(levioasly  smeared  over  with  a  thin  coat  of  loam-paste,  to  prevent  their  adhesion  to  the 
mstic.  Whenever  the  cake  is  ctild,  the  frame  is  taken  asunder,  and  it  is  removed  from 
the  iron  plate  by  an  oblong  shovel,  or  strong  spatula  of  iron.  These  cakes  or  bricks  are 
usoally  18  inches  long,  12  broad,  and  4  thick,  and  weii^h  about  70  lbs. 

BrxTER  PRINCIPLE,  (w^mire,  Fr. ;  Bitientoffy  Germ.)  This  principle  has  not 
been  insulated  hitherto  by  the  chemist  from  the  other  proximate  principles  of  plants,  but 
its  existence  is  sufficiently  recognised  by  the  taste.  The  foUowint;  list  contains  the  prin- 
eipal  bitter  substances,  many  of  which  have  been  used  in  the  arts  and  in  medicine. 


Name. 


Quassia 

Wormwood 
Aloe 

Angostura 
Orange 
I>itto 
Acorns 

Cunluus  Bmcd ictus 

Cascarilla 

Cenlaurv 

Chamomile 

Colocynth 

Colombo 

Fumitory 

Gentiaoa  Intca 

Ground  Ivy 

Walnut 

Idand  moss 

Hops 


Mflfofl 

Unfe-leaved 

Rhubarb 

Rue 

Tansy 

Bitter  trefna 
Smtrouba 


Bryony 
Coffee 


Part  riii|ili>yf(]. 

Country. 

Wood 

Surinam,  East  Indies 

Herb 

Great  Britain 

Inspissated  juice 

South  Africa 

Bark 

South  America 

Unripe  fruil 

Souih  of  Europe 

Peel 

Ditto 

Root 

Ditto 

Herb 

Greek  Archipelago 

Bark 

Jamaica 

Herb 

Great  Britain 

Flowers 

Fruit 

Levant 

Root 

East  Africa 

Herb 

Great  Britain 

Root 

Switzerland 

Herb 

Great  Britain 

Peels 

Scales  of  the  fe-  ) 

Great  Britain 

male  flowers  ) 

Herb  flowers 

Great  Britain 

Herb 

Great  Britain 

Root 

China 

Herb 

Great  Britain 

Herb  flowers 

Ditto 

Herb 

Ditto 

Bark 

Guyana 

Root 

Great  Britain 

Seeds 

Arabia 

OI»ervaiiiins. 


Powerfully  bitter 

Ditto 

Ditto 

Ditto 

Aromatic  bitter 
Ditto 

Ditto 


Intolerably  bitter 
Yery  bitter 

Very  bitter 

With  tannin 
With  starch 

Aromatic  bitters 


Disagreeable  odor 
Bitter  and  sharp 
Bitter  and  ofiensive  | 

I 

i  Sharp,  bitter, 
)  nauseous 


BUCK  DYE.  {Ttinte  noire,  Fr.;  Schwartze  farbe,  Germ.)  For  1  cwt.  of  cloth,  there 
ve  pit  into  a  boiler  of  middle  size  18  lbs.  of  logwood,  with  as  much  Aleppo  galls  in 
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powder,  and  the  whole,  being  enclosed  in  a  bag,  is  boiled  in  a  soffident  quantity  of  water 
for  12  hours.  One  third  of  this  bath  is  transferred  into  another  boiler  with  two  pounds 
of  verdieris;  and  the  stuff  is  poised  through  this  solution,  stirrinsc  it  continually  durinf 
two  hours,  taking  care  to  keep  the  bath  very  hot  without  boiling.  The  slufl'  is  then 
liAcfl  out,  another  third  of  the  bath  is  added  to  the  boiler,  along  with  eisrht  pounds, 
of  sulplmte  of  iron  or  green  vitriol.  The  fire  is  to  be  lowered  while  the  sulphate  dis* 
solves,  and  the  bath  is  allrtwed  to  cool  for  half  an  hour,  after  which  the  stuff  is  introduced, 
and  well  moved  about  for  an  hour,  afler  which  it  is  taken  out  to  air.  Lastly,  the  remainf 
ing  third  of  the  bath  is  added  to  the  other  two,  taking  care  to  squeeze  the  bag  well.  IS 
or  22  lbs.  of  siunach  are  thrown  in ;  the  whole  is  just  brought  to  a  boil,  and  then  refreshed 
with  a  little  cold  water ;  two  pounds  more  of  sulphate  of  iron  are  added,  after  which 
the  stuff  is  turned  through  tor  an  hour.  It  is  thereafter  washed,  aired,  and  put  again 
into  the  bath,  stirring  it  continually  for  an  hour.  After  this,  it  is  carried  to  the  river, 
washed  well,  and  tlicn  filled.  Whenever  the  water  runs  off  clear,  a  bath  is  prepared 
with  wdd,  which  is  made  to  boil  for  an  instant ;  and  after  refreshing  the  bath  the  stnlT 
is  turned  in  to  soften,  and  to  render  the  black  more  fast.  In  this  manner,  a  very  beauti- 
All  black  is  obtained,  without  rendering  the  cloth  too  harsh. 

Commonly  more  simple  processes  are  employed.  Thus  the  blue  doth  is  simply  turned 
through  a  bath  of  gall-nuts,  where  it  is  boiled  for  two  hours.  It  is  next  passed  through 
a  bath  of  logwood  and  sulphate  of  iron  for  two  hours,  without  boiling,  after  which  it  is 
washed  and  fulled. 

Hellot  has  found  that  the  dyeing  mizht  be  performed  in  the  following  manner : — ^For 
20  yards  of  dark  blue  cloth,  a  bath  is  made  of  two  pounds  of  fustic  (morus  tinctoria), 
4}  lbs.  of  logwood,  and  11  lbs.  sumach.  After  boiling  the  cloth  in  it  for  three  hours 
At  is  lifted  out,  1 1  lbs.  of  sulphate  of  iron  arc  thrown  into  the  boiler,  and  the  ck>th  is 
Ihen  passed  through  it  during  two  hours.  It  is  now  aired,  and  put  again  in  the  bath 
lor  an  hour.  It  is,  lastly,  washed  and  scoured.  The  black  is  less  velvety  than  that  of 
the  preceding  process.  Experience  convinced  him  thai  the  maddering  prescribed  in 
the  ancient  regulations  only  gives  a  reddish  cast  to  the  black,  which  is  obtained  finer 
and  more  velvety  without  madder. 

A  black  may  be  dyed  likewise  without  having  given  a  blue  ground.  This  method  is 
employed  for  cloths  of  Utile  value.  In  this  case  they  are  rooted ;  that  is  to  say,  they 
receive  a  dun  ground  with  walnut  husks,  or  the  root  of  the  walnut-tree,  and  are  after- 
wanls  made  black  in  the  manner  above  described,  or  in  some  other  way ;  for  it  is  ob- 
vious that  a  black  may  be  obtained  by  several  processes. 

According  to  Lewis,  the  proportions  which  the  Knslish  dyers  most  generally  adopt 
are,  for  one  hundred  and  twelve  pounds  of  woollen  cloth  previously  dyed  of  a  dark  blue, 
about  five  pounds  of  sulphate  of  iron,  as  much  miW  nuts,  and  thirty  pounds  of  logwood. 
They  besin  by  gallin?  the  cloth,  they  then  pass  it  through  the  decoction  of  logwood,  to 
which  the  sulphate  of  iron  has  been  added. 

When  the  cloth  is  completely  dyed,  it  is  wa<'hed  in  the  river,  and  passed  through  the 
fulling-mill  lill  the  water  runs  off  clear  and  coloilcss.  Some  persons  recommend,  for 
fine  cloths,  to  full  them  with  soap  water.  This  operation  requires  an  expert  workman, 
who  can  free  tlic  cloth  t!u>ro<i(?liIy  I'rom  the  soap.  Several  rec(»mmend  at  its  coming 
from  the  fullins;  to  pass  the  cloth  tliroush  a  balh  of  weld,  with  the  view  of  giving  soft 
ness  and  solidity  to  the  black.  Lewis  says,  that  passing  the  cloth  through  weld,  after  it 
has  b(M>n  treated  with  soap,  is  absolutely  useless,  although  it  may  be  beneficial  when  this 
operation  has  been  neglected. 

Dill'erent  operations  may  be  distins^uished  in  dyeing  siUc  black ;  the  boilinz  of  the  siK, 
its  ffallinir,  the  preparation  of  the  bath,  the  operation  of  dyeing,  the  softening  of  the 
black. 

Silk  naturally  contains  a  substance  called  sum,  which  gives  it  the  stiffness  and  elas- 
ticity peculiar  to  it  in  its  native  state;  but  this  adds  nothing  to  the  strength  of  the  silk, 
which  is  then  styled  raw ;  it  rather  renders  it,  indeed,  more  apt  to  wear  out  by  the  stiff- 
ness which  it  communicates;  and  alihou£;h  raw  silk  more  readily  takes  a  black  color, yet 
the  black  is  not  so  perfect  in  intensity,  nor  does  it  so  well  resist  the  re-nsrents  capable  of 
dissolving  the  coloring  partich^s,  as  silk  which  is  scoured  or  deprive<l  of  its  gum. 

To  clean>«e  silk  intemled  for  black,  it  is  usually  builed  four  or  five  hours  with  one  fifth 
of  its  weight  of  while  soap,  after  which  it  is  carefully  beetled  and  washed. 

For  the  gallin?,  nut-jfuils  equal  nearly  to  three  fourtlis  of  the  wei'jht  of  the  silk  are 
boiled  during  three  or  four  hours ;  but  on  account  of  the  price  of  Aleppo  caUs,  more  or 
less  of  the  white  gall-nuts,  or  of  even  an  inferior  kind  called  galon,  berry  or  apple  galls, 
are  used.  The  propoition  commonly  employed  at  Paris  is  two  parts  of  Aleppo  galls  to 
from  eight  to  ten  parts  of  galon.  After  the  boiling,  the  calls  are  allowed  to  settle  Ibt 
about  tw)  hours.  The  silk  is  then  plunged  into  the  bath,  and  left  in  it  from  twdve  to 
thirty-six  hours,  after  whidi  it  is  taken  out  and  washed  in  the  river. 

Silk  is  capable  of  combining  with  quantities,  more  or  less  oonsiderabk,  of  the  astriB- 
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gent  prindpfe ;  whence  retohf  a  eonsidenble  increase  of  weiglit,  not  only  from  the  weif^t 
of  ihe  astringent  principle,  but  also  from  that  of  the  coloring  particles,  which  snbseqaent- 
}f  fix  themselm  in  proportion  to  the  quantity  of  tiie  astringent  principle  which  had  en- 
tered into  combination.  Consequently  the  processes  are  Taried  according  to  the  degree 
of  weight  which  it  is  wished  to  communicate  to  the  silk ;  a  circumstance  requiring  s(Hne 
fflnstration. 

The  commerce  of  silk  goods  is  carried  on  in  two  ways ;  they  are  sold  either  by  the 
weight,  or  by  the  surfhce,  that  is,  by  measure.  Thus  the  trade  of  Tours  was  former|f 
distingnished  from  that  of  Lyons;  the  silks  of  the  former  bein«  sold  by  weight,  those  of 
the  latter,  by  measure.  It  was  therefore  their  interest  to  surcharge  the  weight  at  Tonrs, 
and,  on  the  contrary,  to  be  sparing  of  the  dyeing  ingredients  at  Lyons ;  whence  came  the 
distinction  of  light  black  and  heavy  black.  At  present,  both  methods  of  dyeing  are  prae- 
t^wd  at  Lyons,  the  two  modes  of  sale  having  beeil  adopted  there. 

Silk  loses  nearly  a  fourth  of  its  weight  by  a  thorough  boiling,  and  it  resumes,  in  the 
light  blade  dye,  one  half  of  this  loss ;  but  in  the  heavy  black  dye,  it  takes  sometimes  up- 
wards of  a  fifth  more  than  its  primitive  weight ;  a  snrcharce  injurious  to  the  beauty  of 
the  black,  and  the  durability  of  the  stuff.  The  surcharged  kind  is  denominated  English 
black,  beMose  it  is  pretended  that  it  was  first  practised  in  England.  Since  silk  dyed  with 
a  great  surcharge  has  not  a  beautiful  black,  it  is  usually  destined  forwefV,  and  is  blended 
with  a  warp  dyed  of  a  fine  black. 

The  peculiarity  of  the  process  for  obtaining  the  heavy  black  consists  in  leaving  the 
filk  longer  in  the  gall  liquor,  in  repeating  the  galline,  in  passing  the  silk  a  greater  num- 
ber of  times  through  the  dye,  and  even  letting  it  lie  in  it  for  some  time.  The  first  gall- 
ing is  usually  made  with  galls  which  have  served  for  a  preceding  operation,  and  fresh 
gaU-nnts  are  employed  for  the  second  But  these  methods  would  not  be  sufficient  for 
giving  a  great  surcharge,  such  as  is  found  in  what  is  called  the  English  black.  To  give 
it  this  weight,  the  silk  is  galled  without  being  ungummed ;  and,  on  coming  out  of  the 
galls,  it  is  rendered  supple  by  being  worked  on  the  jack  and  pin. 

The  silk-dyers  keep  a  black  vat,  and  its  very  complex  composition  varies  in  different 
dye-houses.  These  vats  are  commonly  established  for  many  years :  and  when  their  black 
is  exhausted  it  is  renovated  by  what  is  called  in  France  a  brevet.  When  the  deposite 
which  has  accumulated  in  it  is  too  great,  it  is  taken  out,  so  that  at  the  end  of  a  certain 
time  nothing  remains  of  the  several  ingredients  which  composed  the  primitive  bath,  but 
which  are  not  employed  in  the  brevet. 

For  the  dyeing  of  raw  silk  black,  it  is  frilled  in  the  cold,  with  the  bath  of  galls  which 
bis  already  served  for  the  black  of  boiled  silk.  For  this  purpose,  silk,  in  its  native 
JiWow  color,  is  made  choice  of.  It  should  be  remarked,  that  when  it  is  desired  to 
preserve  a  portion  of  the  gum  of  the  silk,  which  is  aAerwards  made  flexible,  the  galling 
is?iven  with  the  hot  bath  of  gall  nuts  in  the  ordinary  manner.  But  here,  where  the 
whole  gum  of  the  silk,  and  its  conconiitant  elasticity,  are  to  be  preserved,  the  galling 
is  made  in  the  cold.    If  the  infusion  of  galls  be  weak,  the  silk  is  led  in  it  for  several 

Sik  thus  prepared  and  washed  takes  very  easily  the  black  dye,  and  the  rinsing  in  a 
fittle  water,  to  which  sulphate  of  iron  may  be  added,  is  sufficient  to  give  it.  The  dye  is 
oade  in  the  cold ;  but,  according  to  the  greater  or  less  strength  of  the  rinsings,  it  re- 
quires more  or  less  time.  Occasionally  three  or  four  days  are  necessary ;  after  which 
it  is  washed,  it  is  beetled  once  or  twice,  and  it  is  then  dried  without  wringing,  to  avoid 
soAeoing  it. 

Raw  silk  maybe  more  quickly  dyed,  by  shaking  it  round  the  rods  in  the  cold  bath  aAer^ 
the  galling,  airing  it,  and  repealing  these  manipulations  several  times,  afler  which  it  is 
WHshed  and  dried  as  above. 

Maoqner  describes  a  more  simple  process  for  the  black  by  which  velvet  is  dyed  at  Ge- 
lot;  and  he  says  that  this  process,  rendered  still  simpler,  has  had  complete  success  at 
Tours.   The  following  is  his  description. 

For  1  cwt.  (50  kilogrammes)  silk,  22  lbs.  (11  kilogrammes)  of  Aleppo  palls,  in  powder, 
tre  boiled  for  an  hour  in  a  sufficient  quantity  of  water.  The  bath  is  allowed  to  settle  till 
the  ealls  have  fallen  to  the  bottom  of  the  boiler,  from  which  they  are  withdrawn  ;  aAei 
which  32  lbs.  of  English  vitriol  (or  copperas)  are  introduced,  with  13  lbs.  of  iron  filings, 
tsd  22  lbs.  of  country  gum,  put  into  a  kind  of  two-handled  cullender,  pierced  every 
where  with  holes.  This  kettle  is  suspended  by  two  rods  in  the  boiler,  so  as  not  to  reach 
the  bottom.  The  gum  is  left  to  dissolve  for  about  an  hour,  stirrin?  it  from  time  to 
tiae.  If,  aAer  this  time,  some  gum  remains  in  the  kettle,  it  is  a  proof  that  the  bath, 
wliicb  contains  two  hogsheads,  has  taken  as  much  of  it  as  is  necessary.  If.  on  the  con- 
titry,  the  whole  gum  is  dissolved,  from  one  to  4  lbs.  more  may  be  added.  This  cul- 
mer  is  left  constantly  suspended  in  the  boiler,  from  which  it  is  removed  only  when  the 
^ycia;  is  going  on ;  and  thereafter  it  is  replaced.  During  all  these  operations  the  boiler 
be  kept  hot,  but  without  boiling.   The  galling  of  the  silk  is  performed  with  onn 
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third  of  Aleppo  gmUs.  The  tflk  is  left  in  it  Tor  uz  hours  the  first  time,  thm  for  tweif  t 
honrs.   The  rest,  tecwiidtuii  artem, 

Lewis  states  that  he  has  repeated  this  process  in  the  small  way ;  and  that  hf  addiag 
sulphate  of  iron  progressively,  and  repeating  the  immersions  of  the  silk  a  great  number 
of  times,  he  erentnalljr  obtained  a  fine  black. 

Astringents  differ  from  one  another  as  to  the  quantity  of  the  prineiple  which  enters  into 
combination  with  the  oxyde  of  iron.  Hence,  the  proportion  of  the  sulphate,  or  of  any 
other  salt  of  iron,  and  that  of  the  astringents,  should  vary  according  to  the  astringents 
made  use  of,  and  according  to  their  respective  quantities.  GaO-nut  is  the  sabstanee 
which  contains  most  astringent ;  sumach,  which  seems  second  to  it  in  thisrespeet,  throws 
down  (decomposes),  however,  only  half  as  much  sulphate  of  iron. 

The  most  suitable  proportion  of  sulphate  of  iron  appears  to  be  that  which  eorreqiottds 
to  the  quantity  of  the  astringent  matter,  so  that  the  whole  iron  precipitable  by  the  as- 
tringent may  be  thrown  down,  and  the  whole  astringent  may  be  taken  np  in  combjiiatinn 
with  the  iron.  As  it  is  not  possible,  however,  to  arrive  at  such  precision,  it  is  better 
that  the  sulphate  of  iron  should  predominate,  because  the  astringent,  when  in  fxeeai, 
counteracts  the  precipitation  of  the  black  coloring  particJes,  and  has  the  property  of  etm 
dissolving  them. 

This  action  of  the  astringent  is  such  that,  if  a  pattern  of  black  eloth  be  boiled  with  {^aU- 
nuts,  it  is  reducible  to  gray.   An  observation  of  Lewis  may  thence  be  explained.  If  doth 
be  turned  several  times  through  the  coloring  bath,  after  it  has  taken  a  good  black  eolor, 
instead  of  acquiring  more  body,  it  is  weakened,  and  becomes  brownish.   Too  ooaaidera— 
ble  a  quantity  of  the  ingredients  produces  the  same  effect ;  to  which  the  suli^urie  ^j*^^ 
set  at  liberty  by  the  precipitation  of  the  oxyde  of  iron,  contributes. 

It  is  merely  the  highly  oxydizcd  sulphate  which  is  decomposed  by  the  astringent 
whence  it  appears,  that  the  sulphate  will  produce  a  different  effect  according  to  its  slated 
of  oxydizement,  and  call  for  other  proportions.  Some  ndvise,  therefore,  to  ibUow  tk^S 
method  of  Proust,  employing  it  in  the  oxydized  state ;  but  in  this  case  it  is  only  partiaUjMi 
decomposed,  and  another  part  is  brought,  by  the  action  of  the  astringent,  into  the  lowe^v 
degree  of  oxydizement. 

The  particles  precipitated  by  the  mixture  of  an  astringent  and  sulphate  of  iron  havi^M 
not  at  first  a  deep  color ;  but  they  pass  to  a  bhick  by  contact  of  air  while  they  ar^M 
moist. 

Under  dyeing  I  shall  show  that  the  black  dye  is  only  a  very  condensed  color,  and  tha^  ^ 
it  assumes  more  intensity  from  the  mixture  of  different  colors  likewise  deep.  It  is  fo  :M 
this  reason  advantageous  to  unite  several  astrins^ents,  each  combination  of  which  prodi^— 
oes  a  different  shade.  But  blue  appears  the  color  most  conducive  to  this  effect,  and  mf 
corrects  the  tendency  to  dun,  which  is  remarked  in  the  black  produced  on  stuffs  by  th^ 
other  astringents. 

On  this  property  is  founded  the  practice  of  giving  a  blue  ground  to  black  cloths,  whidb 
'  acquire  more  beauty  and  solidity  the  deeper  the  blue.    Another  advantage  of  this  prac- 
tice is  to  diminish  the  quantity  of  8uli)huric  acid  which  is  necessarily  disengaged  by  the 
precipitation  of  the  black  particles,  and  which  would  not  only  counteract  their  fixatioo, 
bat  would  further  weaken  the  stuff,  and  give  it  harshness. 

For  common  stuffs,  a  portion  of  the  effect  of  the  blue  ground  is  produced  by  the 
rooting. 

The  mixture  of  logwood  with  astringents  contributes  to  the  beauty  of  the  blade  in  a 
twofold  way.  It  produces  molecules  of  a  hue  different  from  what  the  astrinj^ents  do^ 
and  particularly  blue  molecules,  with  the  oxyde  of  copper,  commonly  employed  in  the 
black  dyes ;  which  appears  to  be  more  useful  the  more  acetate  the  verdigris  made  nse  of 
oontaia^ 

The  fj^l  of  weld,  by  which  the  dye  of  black  cloth  is  frequently  finished,  may  also  con* 
tribute  (o  A  beauty,  by  the  shade  peculiar  to  its  combination.  It  has,  moreover,  the  ad- 
vantage of^ving  softness  to  the  stuffs. 

The  processes  that  are  employed  for  wool,  yield,  according  to  the  observation  of  Lewis, 
only  a  rusty  black  to  silk ;  and  cotton  is  hanily  dyed  by  the  processes  proper  for  wool 
and  silk.  Let  us  endeavor  to  ascertain  the  conditions  which  these  three  varieties  of 
dyeing  demand. 

Wool  has  a  great  tendency  to  combine  with  coloring  substances ;  but  its  physical  na- 
ture requires  its  combinations  to  be  made  in  general  at  a  high  temperature.  Tlie  com- 
bination of  the  black  molecules  may  therefore  be  directly  effected  in  a  bath,  in  proportion 
as  they  form ;  and  ft  1^  operation  be  prolonged  by  subdividing  it,  it  is  only  with  the 
view  of  changing  tht  netessary  oxydizement  of  the  sulphate,  and  augmentiug  that  of  the 
eoloring  particles  themselves. 

Silk  has  Utile  disposition  to  unite  with  the  black  particles.  It  seems  to  be  merely  by 
the  agency  of  the  tannin,  with  which  it  is  previously  impregnated,  that  these  partides 
ean  fix  themsdveson  it,  especially  after  it  has  been  seoored.  For  this  reason,  silk  bnlht 
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AmU  be  old,  and  have  the  eoloring  particles  accumulated  in  them,  bat  M>  feebly  suipcndeJ 
■•  to  jield  to  a  weak  affinity.  Their  precipitation  is  counteracted  by  the  addition  of  gum, 
«r  other  mncilagiBoas  substances.  The  obstacle  which  might  arise  from  the  salphuric 
add  set  at  liberty  is  destroyed  by  iron  filings,  or  other  basis.  Thas,  baths  of  a  very  difier- 
Cit  eooipoaitkm,  bat  with  the  essential  condition  of  age,  may  be  proper  for  this  dye.  For 
Mtum  biaek  dye,  see  Calico  PaiNTiNO.- 

BLACK  PIGMENT.  The  finest  light  black  is  prepared  principally  for  the  mana- 
ftctoriag  of  printer*'  ink.  In  Messrs.  Martin  and  Grafton's  patent  process,  the  black 
isobCaiacd  by  horning  common  coal-tar,  which  should,  however,  be  previously  divest- 
ed, as  much  as  possible,  of  the  ammoniacal  liquor  and  acid  mixed  wiUi  it  in 
Ik  tank. 

For  this  purpose,  it  is  proposed  that  fonr  casks  should  be  employed,  each  capable  of 
kldhig  130  galbns,  and  into  every  one  of  them  are  to  be  put  about  60  gallons  of  the 
isish  impure  tar,  to  which  an  equal  quantity  of  lime-water  is  to  be  added,  and  then 
i|ilated  by  machinery  or  manual  labor  until  the  lime-water  is  completely  mixed  with 
it  tar.  The  vessels  should  next  be  snffered  to  rest  for  about  six  hours,  by  which  time 
tk  tir  will  settle  at  the  bottom  of  the  casks,  and  the  water  may  be  drawn  off.  The 
Mb  containing  the  tar  should  now  be  filled  with  hot  water,  which  may  be  supplied 
tm  the  boiler  of  a  steam  engine,  and  the  whole  again  agitated  as  before.  This  process 
mf  he  repeated  three  times,  suffering  the  tar  to  subside  between  each ;  and  twelve 
hotrs  shoald  be  allowed  for  settling  from  the  last  water,  so  that  the  whole  of  the  tar  and 
alter  may  become  separated,  the  water  rising  to  the  top  of  the  cask,  and  the  tar  being 
Ul  St  the  bottom  in  a  pure  state. 

Bst,  ts  some  of  the  water  will  yet  remain  mechanically  combined  with  the  tar,  it  is 
pnpoKd  that  the  tar  should  be  subjected  to  the  process  of  distillation.  For  this 
pvpote,  a  still,  capable  of  holding  120  gallons,  may  be  employed,  in  which  about 
50  gilkiBS  at  one  time  may  be  operated  upon ;  when,  by  a  i^entle  heat,  the  water,  and 
other  ioiporities  which  the  tar  may  have  retained,  will  be  driven  off.  As  soon  as  the 
•Her  appears  to  have  evaporated,  and  the  spirit  runs  fine  and  clear,  the  process  of 
4iiiilUtioa  should  be  stopped ;  and,  when  cold,  the  pore  tar  may  be  drawn  off,  and  set 
<pirt  for  the  pariiose  of  being  employed  as  contemplated  in  the  patent. 

Tbe  tar  thus  purified  may  be  now  converted  into  black,  or  it  may  be  subjected  to 
fuiker  rectification  to*  divest  it  of  the  mineral  pitch,  or  asphaltum,  which  is  combined 
viih  the  oil  and  spirit:  the  latter  is  to  be  preferred,  because  the  mineral  pitch,  or 
Mfhakam,  is  only  inflammable  at  a  high  temperature,  which  renders  it  more  trouble- 
Mae  to  use  in  the  process  here  contemplated,  and  also  would  cause  the  apparatus  to 
n|iire  frequent  cleaning  from  the  carbonized  pitch  deposited.  In  order,  therefore,  to 
fet  rid  of  the  mineral  pitch,  or  asphaltum,  forty  gallons  of  the  tar  are  to  be  introduced 
iilo  a  itill,  as  before ;  and,  instead  of  stopping  the  operation,  as  soon  as  the  spirit  begina 
to  eooie  over,  the  distillation  is  continued  with  a  strong  heat,  so  as  to  force  over  the 
v^of  the  oil  and  spirit,  leaving  the  residuum  of  a«phaltum  in  the  still;  this  process, 
^••erer,  is  known  to  every  chemist,  and  need  not  be  further  explained. 

Ujig.  J 15,  is  exhibited  a  rude  representation  of  the  apparatus  employed  in  preparing 
^  eollecting  the  fine  light  spirit  black,  pnKlucH  by  the  cornhtisiion  of  the  oil  and 


^if  eoaMar,  aAer  it  has  been  purified  an  abuve  dc^cribo;].    a  is  the  biichwork 
Mpports  a  ooffiber  of  bomert  issuing  from  a  tube,  6,  witiii:i,  and  here  showa  by 
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dots,  ai  pasmng  akmg  its  whole  length.  Ftg.  116  is  a  section  of  the  hridcwork,  with  the 
tabe,  burner,  and  receiver,  as  will  be  described  hereafter.  The  tnbe  may  be  called  the 
tar  main,  as  it  is  intended  to  be  filled  with  tar :  it  is  constructed  of  cast  iron,  and  from  it 
issue  several  (in  this  figure  twenty-four)  jets  or  burners,  c,  c,  c ;  any  other  number  maj 
be  employed,  d  is  b.  furnace  under  the  tar  main,  the  flue  of  which  extends  along,  for 
the  purpose  of  heating  the  tar  to  the  boiling  point,  in  order  to  facilitate  the  process. 
From  the  main,  6,  the  tar  flows  into  the  jets  c ;  wicks  are  introduced  into  the  jets,  and, 
when  set  fire  to,  by  a  red-hot  stick,  will  bum  and  emit  a  very  considerable  quantity  of 
smoke ;  which  it  is  the  object  of  this  apparatus  to  conduct  through  many  pasnges,  for 
the  purpose  of  collecting  its  sooty  particles. 

There  are  a  number  of  hoods,  e,  «,  e,  or  bonnets,  as  they  are  termed,  all  of  which, 
through  their  pipes,  have  communication  with,  or  lead  into  a  main  chimney,/,/.  Into 
these  hoods  or  bonnets  the  smoke  of  the  burners  ascends,  and  from  thence  passes  into 
the  main  chimney  /,  and  thence  through  the  smoke  tubes  into  the  box  g:  here  the 
heaviest  particles  of  the  black  deposite  themselves ;  but,  as  the  smoke  passes  on  through 
the  farther  pipes,  a  deposite  of  the  second,  or  finer,  particles  of  black  takes  |dace  in  the 
box  h.   From  hence  the  smoke  proceeds  through  other  pipes  into  a  series  of  eanvasi 
bags,  i,  t,  f,  which  are  proposed  to  be  about  eighteen  feet  long,  and  three  in  diameter. 
These  basrs  are  connected  tc^ether  at  top  and  bottom  alternately,  and  throu^  the 
whole  series  the  smoke  passes  up  one  bag  and  down  the  next,  depositing  fine  blacky 
called  spirit  black,  upon  the  sides  of  the  canvass.   Afler  the  jets  have  continued  burning 
for  several  days,  the  bags  are  to  be  beaten  with  a  stick,  so  that  the  black  may  fall  to  the* 
bottom ;  and,  when  a  sufficient  quantity  has  accumulated,  the  bags  may  be  emptied  antB 
swept  out.   Thus  seventy  or  eighty  bags  may  be  employed ;  so  that  the  smoke  shonkK 
pass  through  a  length  of  about  400  yards,  the  farthest  of  which  will  be  found  to  contains 
the  finest  black.   The  last  bag  should  be  leA  open,  in  order  to  allow  the  vapor  to  escaped 
into  the  open  air. 

The  main  tar  tube  wiU  require  to  be  emptied  every  four  or  five  days,  in  order  to^ 
clear  it  from  the  pitchy  matter  that  may  have  subsided  from  the  burners,  and  they  alsotf 
will  require  to  be  frequently  poked  with  a  wire,  to  clear  off  the  black  which  forms  upos^ 
the  edges,  and  to  drive  down  the  carbonized  tar  which  attaches  itself  to  the  upper  parM 
of  the  jets. 

BLEACHING  {Blanchiment,  Fr. ;  Bleichen,  Germ.)  is  the  process  by  which  the  tex — 
tile  filaments,  cotton,  flax,  hemp,  wool,  silk,  and  the  cloths  made  of  them,  as  well  as  — 
nous  vegetable  and  animal  substances,  are  deprived  of  their  natural  color,  and  rcndereiM 
nearly  or  altogether  white.  The  term  bleaching  comes  from  the  French  verb  blanchiry  tc=: 
whiten.  The  word  blanch,  which  has  the  same  origin,  is  applied  to  the  whitening  of^ 
living  plants  by  making  them  grow  in  the  dark,  as  when  the  stems  of  celery  are  covereiS 
over  with  mould. 

The  operations  which  the  bleacher  has  recourse  to  differ  accordinj?  to  the  nature  dC^ 
the  bleaching  means,  the  property  of  the  stufl*  to  be  bleached,  and  local  customs  or  dr^ 
cumstances;  and  the  result  is  also  obtained  with  more  or  less  rapidity,  certainty, 
economy,  and  perfection.   The  destruction  of  the  coloring  matters  attached  to  the  bodies 
to  be  bleached  is  effected  either  by  the  action  of  the  air  and  light,  of  chlorine,  or  sulphu- 
rous acid ;  which  may  be  considered  the  three  bleaching  i)ower8  employed  for  manufac- 
turing purposes. 

Bleaching  by  tHe  influence  of  air  and  sunshine  is  the  most  ancient,  and  still  the  most 
common,  method  in  several  civilized  countries ;  it  is  also  supposed  by  many  to  be  the 
least  injurious  to  the  texture  of  yam  and  cloth.  The  operations  it  involves  are  veiy 
simple,  consisting  in  the  exposure  of  the  goods  upon  a  grass-plat  to  the  sk)',  with  their 
occasional  aspersion  with  moisture  if  necessary,  in  addition  to  the  rain  and  dew.  The 
atmospheric  air  effects  the  bleaching  by  means  of  its  oxygenous  constituent,  which  com- 
bines with  the  coloring  matter,  or  its  elements  carbon  and  hydrogen,  and  either  makes  it 
nearly  white,  or  converts  it  into  a  substance  easily  soluble  in  water  and  alkaline  solutions. 
This  natural  process  is  too  slow  to  suit  the  modem  demands  of  the  cotton  and  linen 
manufacturers.  Fortunately  for  them,  a  newbleaching  agent,  unknown  to  our  forefathers, 
has  been  discovered  in  chlorine,  formerly  called  oxyrouriatic  acid,  an  agent  modified  by 
chemistry  so  as  to  give  an  astonishinsr  degree  of  rapidity,  economy,  and  perfection,  to  this 
important  art.  It  is,  however,  not  a  little  surprising,  that  the  science  which  has  so  greatly 
advanced  its  practical  part  should  have  leA  its  theory  far  from  complete,  and  should  aflfm 
no  satisfactory  answers  to  the  two  following  questions. — What  is  the  action  of  the  solar 
rays  upon  the  coloring  matter  ?  How  do  air  and  chlorine  operate  upon  this  principle  7 
Some  suppose  that  light  predUposes  the  coloring  matter  to  combine  with  oxygen ;  othen 
fancy  that  it  acts  merely  in  the  manner  of  a  high  temperature,  so  as  to  determine  a 
reaction  between  the  elements  of  that  substance,  and  to  cause  a  new  combination 
possessed  of  peculiar  properties.  It  is  generally  admitted  at  the  present  day,  that  « 
portion  of  the  oxygen  of  the  air  passes  into  the  coloring  matter,  and  changes  its  eon- 
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iiititkm.  This  ifl,  however,  probably  not  the  part  which  oxygea  playR,  nor  is  it  the  only 
principle  in  the  atmosphere  which  exercises  a  bleaching  influence.  Neither  is  the  action 
of  chlorine  such  as  has  been  commonly  represented  in  our  chemical  systems. 

But  if  authors  offer  us  only  vacne  hypotheses  concerning  the  three  principal  agents, 
\isht.  oxygen,  chlorine,  they  afford  no  information  whatever  concerning  the  phenomena 
int  to  Kieasy  spots  so  frequently  found  upon  cotton  cloth,  and  so  very  troublesome  to 
ibe  bleacher.  It  has  indeed  been  sometimes  said  in  bleach-works,  that  fatty  sab- 
stances  are  no  longer  soluble  in  alkalis,  when  they  are  combined  wiih  oxygen.  The 
very  reverse  of  this  statement  is  probably  nearer  the  truth. 

The  object  of  teaching  is  to  separate  from  the  textile  fibre,  by  suitable  operations,  all 
Ibe  substances  which  mask  its  intrinsic  whiteness :  or  which,  in  Uie  course  of  ulterior 
dyeiaz  operations,  may  produce  injurious  effects.  In  this  latter  respect,  cotton  deserves 
special  consideration.  This  substance  is  covered  with  a  resinous  matter,  which  obstructs 
its  tbtorption  of  moistive,  and  with  a  yellow  coloring  matter  in  very  small  quantity, 
oAea  so  inconsiderable  in  some  cottons,  that  it  would  be  unnecessary  to  bleach  them, 
WTore  submitting  them  to  the  dyer,  were  it  not  that  the  manipulations  which  they 
mdergo  introduce  certain  impurities  which  are  more  or  less  injurious,  and  must  be 
reoored.  It  is  in  fact  a  circumstance  well  known  in  the  factories,  that  unbleached 
cottoBs  may  be  dyed  any  dark  color,  provided  they  are  deprived  of  that  matter  whieh 
■ikes  them  diliicult  to  moisten.  The  substances  present  in  cotton  goods  are  the 
foOnring : — 

1.  The  resinous  matter  natural  to  the  cotton  filaments. 
1  The  proper  colorim?  maiter  of  this  vegetable. 

3.  The  paOie  of  the  weaver. 

4.  A  fat  matter. 

i.  A  cupreous  mp. 

6.  A  calcareous  soap. 

7.  Ttie  filth  of  the  hands. 

8.  Iron,  and  some  earthy  substances. 

1.  The  matter  which  prevents  the  mois^tening  of  cotton  wool  may  be  separated  by 
■ctts  of  alcohol,  which,  when  evaporated,  leaves  thin  yellowish  scales,  soluble  in  alkalis, 
IB  icids,  and  even  in  a  large  quantity  of  boiling  water.  For  a  long  time  the  bleaching 
process  commenced  with  the  removal  of  this  resinous  stuff,  by  parsing  the  cloth  or  the 
jvu  through  an  alkaline  ley.   This  was  called  scouring ;  it  is  now  nearly  laid  aside. 

2.  The  coloring  matter  of  cotton  seems  to  be  superflcial,  and  to  have  no  influence 
a  the  Atrenmh  of  the  fibres ;  ibr  tlie  yam  is  found  to  be  as  strong  after  it  has  been 
ctripped  by  caustic  soda  of  its  resinous  and  coloring  matters,  as  it  was  before.  The 
ttwioff  matter  i<»  slightly  soluble  in  water^  and  perfectly  in  alkaline  leys.  When  gray 
5>lico  is  boiled  in  lime-water,  it  comes  out  with  a  tint  darker  than  it  had  before;  whence 
^  might  be  supposed  that  the  coloring  matter  was  not  dissolved  out,  even  in  pait. 
Tkia,  however,  is  not  the  case ;  for  if  we  filter  the  liquor,  and  neutralize  it  with  an  acid, 
ve  shall  perceive  light  flocks,  formed  of  the  resinous  substance,  united  with  the  coloring 
Mller.  The  dark  color  of  the  cloth  is  to  be  ascribed  S(»lely  to  the  property  which  lime 
pQBe»es  of  browning  certain  vegetable  colors.  This  action  is  here  exercised  upon  the 
RBsiaing  Ci>lor  of  the  cloth. 

It  may  he  laid  down  as  a  principle,  that  the  coloring  matter  is  not  directly  soluble 
^  the  alkalis ;  but  that  it  becomes  so  only  after  havins  been  for  so^  time  exposed  to 
tke  joint  action  of  air  and  lii^ht,  or  after  having  been  in  contact  with  chlorine.  What 
chijtedoes  K  thereby  experience,  which  gives  it  this  solubility?  Experiments  made 
ipon  pieces  cloth  placed  in  humid  oxyeen,  in  dry  oxygen,  in  moist  chlorine,  and  in  dry 
(Uorine,  tend  to  show  that  hydiwen  is  abstracted  by  the  atmosphere;  for  in  these 
cipoiments  proofs  ot  dis-hyilrogenaiion  sfYpeared,  and  of  the  production  of  carbonic  ackL 
b  an  t».%n  of  bleaching  by  chlorine,  this  principle  combines  immediately  with  the 
kfdiofen  of  Ihe  coloring  matter,  and  forms  muriatic  acid,  while  the  carbcHi  is  elimi- 
Wed.  Undoubtedly  water  has  an  influence  upon  this  phenomenon,  since  the  bleaching 
fnttm  is  quicker  with  the  humid  chlorine  than  with  the  dry;  but  this  liquid  seems  to 
•cthcfe  only  mechanically,  in  condensini?  the  particles  of  the  gas  into  a  solution.  We 
■Md  also  take  into  account  the  great  affmity  of  muriatic  acid  for  water. 

3.  The  weaver's  dressing  is  composed  of  farinaceous  matters,  which  are  usually  allowed 
It  iov  before  they  are  employed.  It  may  contain  glue,  starch,  gluten ;  which  last  is 
vtry  Kdable  in  lime-water. 

i  When  the  dressing  cets  dry,  the  hand-weaver  occasionally  renders  his  warp-threads 
■Ml  pliant  by  rubbing  some  cheap  kind  of  grease  upon  them.  Hence  it  happens,  that 
'  |U  doth  which  has  not  been  completely  freed  from  this  fatty  matter  will  not  readily 
^Mbe  water  in  the  different  bleaching  operations ;  and  hence,  in  the  subsequent  dyeing 
*Uagiag,  these  greasy  spots,  under  peculiar  circumstances  somewhat  like  lithographic 
^■1^  tfHan^j  attnet  the  nluminons  and  iron  mordants,  as  weU  as  the  dye-ttnffiii  wad 
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occasion  stains  which  it  is  almost  impossible  to  discharge.  The  aeidt  net  diffeiemly 
upon  the  fatty  matters,  and  thence  remaricable  anomalies  in  bleaching  take  plaee.  When 
oil  is  treated  with  the  acetic  or  mnriatic  acid,  or  with  aqueous  chlorine,  it  crolm  no 
gas,  as  it  does  with  the  sulphuric  and  nitric  acids,  but  it  combines  with  these  substances 
80  as  to  form  a  compound  which  cannot  be  dissolved  by  a  strong  boiling  ley  of  caustic 
soda.  Carbonic  acid  acts  in  the  same  way  with  oil.  On  the  other  hand,  whem  the  oils 
and  fats  are  sufficiently  exposed  to  the  air,  they  seize  a  portion  of  its  oxygen,  and 
become  thereby  capable  of  saponification,  that  is,  very  soluble  in  the  alkalis. 

5.  When  the  hand-weaver's  grease  continues  in  contact  for  a  night  with  the  copper 
dents  of  his  reed,  a  kind  of  cupreous  soap  is  formed,  which  is  sometimes  very  difficult  to 
remove  from  the  web.  Lime-water  does  not  dissolve  it ;  but  dilute  sulphuric  acid  carries 
off  the  metallic  oxyde,  and  liberates  the  mar^aric  acid,  in  a  state  ready  to  be  acted  on  by 
alkalis. 

6.  When  cloth  is  boiled  with  milk  of  lime,  the  grease  whidi  is  nneombined  unites 
with  that  alkaline  earth ;  and  forms  a  calcareous  soap,  pretty  soluble  in  a  great  exees  of 
lime-water,  and  still  more  so  in  caustic  soda.  But  ail  fats  and  oils,  as  well  as  the  toap^ 
of  copper  and  lime,  cease  to  be  soluble  in  alkaline  leys,  when  they  have  renwined  •  eon- 
siderable  time  upon  the  goods,  and  have  been  in  contact  with  acetic,  carboaie,  moriatie 
acids,  or  chlorine.   These  results  have  been  verified  by  experiment. 

7.  Cotton  goods  are  sometimes  much  soiled,  from  being  sewed  or  tambonred  with  dirty 
hands ;  but  they  may  be  easily  cleansed  from  this  filth  by  hot  water. 

8.  Any  ferruginous  or  earthy  matters  which  get  attached  to  the  goods  in  the  coarse  oT' 
bleaching,  are  readily  removable. 

We  are  now  prepared  to  understand  the  true  principles  of  bleaching  cotton  goods,  fo«r~ 
the  most  delicate  operations  of  the  calico  printer. 

1.  The  first  process  is  steeping,  or  rather  boiling,  the  goods  in  water,  in  order  to  re — 
move  all  the  substances  soluble  in  that  liquid. 

2.  The  next  step  is  to  wash  or  scour  the  floods  by  the  dash-whee)  or  the  stocks.  ThiM 
is  of  great  importance  in  the  course  of  bleachinz,  and  must  be  repeated  several  times;  sc^ 
much  so,  that  in  winter,  when  the  water  of  the  dash- wheel  is  cold,  the  bleaching  i0 
more  tedious  and  difficult.  Yarn  and  very  open  fabr.cs  do  not  much  need  the  dash^ 
wheel. 

By  these  first  two  operations,  the  woven  goods  lose  about  sixteen  per  cent,  of  thei'T 
weight,  while  they  lose  only  two  parts  out  of  five  hundred  in  all  the  rest  of  tho 
bleachine. 

3.  In  the  third  place  the  calicoes  are  boiled  with  milk  of  lime,  whereby  they  arc 
stripped  of  their  gluten,  and  acquire  a  portion  of  calcareous  soap.  Formerly,  and  stiff 
in  many  bleach-works,  the  gluten  was  got  rid  of  by  a  species  of  fermentation  of  the 
farinaceous  dressing ;  but  this  method  is  liable  to  several  objections  in  reference  to  the 
calico  printer.  1.  The  fermentative  action  extends  sometimes  to  the  goods  and  weakens 
their  texture,  especially  when  they  are  piled  up  in  a  great  heap  wiihont  being  previously 
washed.  2.  The  spots  of  grease,  or  of  the  insohible  soaps,  become  thereby  capable  of 
resisting  the  caustic  alkalis,  and  are  rendered  in  some  measure  indelible ;  an  effect  doe 
to  the  acetic  and  carbonic  acids  generated  during  fermentation,  and  which  will  be  easfly 
understood  from  what  has  been  said  concerning  the  action  of  acids  on  fatty  substances. 
It  is  not,  therefor^  without  good  reason  that  many  practical  men  throw  some  spent  teys 
into  the  fermenti4^  vats,  to  neutralize  the  acids  which  are  formed.  Were  it  not  for  the 
presence  of  fat,  fermentation,  skilfully  conducted,  would  he  an  excellent  means  of  car- 
rying off  the  gluten;  and  the  steep  is  therefore  applicable  to  power-loom  goods,  whicb 
are  not  polluted  with  grease. 

4.  The  goods  are  now  subjected  to  a  caustic  soda  ley,  which  dissolves  out  the  soaps 
of  lime  and  copper,  as  well  as  that  portion  of  the  coloring  matter  which  is  sofficienUy 
dis-hydrogenated  to  be  capable  of  combining  with  it.  This  bucking  with  ley,  which  it 
repeated  several  times  upon  the  goods,  in  order  to  purge  them  completely  from  the  fktty 
matter  present  in  the  hand-loom  webs,  and  also  partially  introduced  in  the  spinning,  it 
almost  the  only  operation  to  which  yarns  for  Turkey  red  are  subjected.  AAer  beun^ 
boiled  in  a  caustic  soda  Icy,  they  are  passed  through  solutions  of  chloride  of  lime,  and 
aAerwards  through  the  acid  steep. 

6,  When  the  goods  are  sufficiently  bucked  in  the  leys,  they  are  either  exposed  to 
chlorine,  or  laid  out  on  the  grass ;  sometimes  both  are  had  recourse  to  Ibr  delicate  woilc. 
These  different  modes  of  action  have  the  same  influence  on  the  coloring  matter,  but 
they  give  rise  to  different  effects  in  reference  to  greasy  staiai. 

The  goods  are  dipped  in  a  solution  of  chloride  of  lime,  which  should  be  kept  tepid 
by  means  of  steam.  Alongside  of  the  chlorine  cistern,  there  is  another  filled  with  dilnte 
solphnric  or  muriatic  acid.  When  the  goods  are  taken  out  of  the  chlorine,  they  are 
drained  on  the  top  of  its  cistern  till  no  more  liquid  runs  off  them,  and  they  are  then 
phmged  into  the  tour.   The  action  of  the  acid  in  the  prewnt  ease  may.  be  easily  ex- 
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pbliied.  In  proporUoa  as  m  Nit  of  lime  is  ibnned,  this  base  quits  the  chlorine,  and  allows 
it  to  aet  freely  upon  the  ooloring  matter.  Thus  we  prerent  the  development  of  too  great 
a  qnantitf  of  chlorine  at  once,  which  would  be  apt  to  injniie  the  fibres;  and  we  pursne 
both  a  prudent  and  economical  plan.  Only  so  much  chlorine  as  is  strictly  necessary  is 
called  forth,  and  hence  it  excites  no  smell  in  the  apartment. 

The  chlorine  serves  to  acidify  the  coloring  matter,  by  abstracting  a  portion  of  its  hy- 
drogen ;  but  we  must  take  the  greatest  care  that  there  is  no  grease  upon  the  i^oods  before 
immersion  in  it,  for  the  consequence  would  be,  as  above  shown,  very  troublesome  spots. 
When  the  cloth  is  laid  out  upon  the  grass,  it  is  the  oxygen  of  the  air  which  acidifies  the 
coloring  matter ;  for  which  reason,  the  dew,  which  contains  much  air  rich  in  oxygen,  sin- 
gulariy  accelerates  the  bleaching  process.  It  is  likewise,  by  absorbing  oxygen  from  the 
atmosphere,  that  fats  or  oils  pass  to  the  state  of  margaric  and  oleic  acids,  and  become 
most  easily  saponified.  Should  the  goods,  however,  be  lef\  too  long  on  the  grass,  the  fats 
absorb  carbonic  acid,  and  become  insoluble  in  leys. 

6.  The  goods  must  now  receive  a  new  soda  ley,  to  dissolve  out  that  portion  of  the 
eoloring  matter  which  has  been  dis-hydrogenated  in  the  chlorine  of  the  air,  as  well  as 
the  grease,  if  any  perchance  remained  in  the  soluble  state.  These  last  two  operations 
are  to  be  several  times  repeated,  because  the  coloring  matter  should  be  removed  only  by 
degrees,  for  fear  of  injuring  the  texture  of  the  goods,  by  subjecting  them  to  too  much 
chlorine  at  a  time. 

7.  We  finish  with  the  dilute  sulphuric  acid,  which  should  be  very  weak  and  tepid.  It 
dissolves  out  the  iron,  and  some  earthy  matters  occasionally  found  upon  cotton.  The 
goods  must  be  most  carefully  washed  at  the  dash-wheel,  or  in  a  stream  of  water  on  quit- 
ting the  sonr  ba  h,  for  if  the  acid  were  allowed  to  dry  in  them,  it  would  infallibly  injure 
their  texture  by  its  concentratk>n.  In  winter,  if  the  goods  are  allowed  to  get  frozen  with 
the  acid  upon  them,  they  may  likewise  be  damaged. 

We  may  here  observe,  that  when  the  goods  are  not  to  remain  white,  their  bleaching 
may  be  completed  with  a  ley ;  for  though  it  leaves  a  faint  yellow  tint,  this  is  no  incon- 
venieaee  to  the  dyer.  But  when  they  are  to  be  finished  with  a  starching  af\er  the  last 
ley,  they  must  have  another  dip  of  the  chlorine  to  render  the  white  more  perfect.  An 
immersion  in  the  dilute  acid  has  nearly  the  same  effect. 

The  principles  expounded  above  lead  to  this  important  consequence,  that  when  we 
wish  to  bleach  goods  that  arc  free  from  greasy  stains,  as  is  the  case  generally  with  the 
better  kinds  of  muslins,  or  when  we  wish  to  bleach  even  greasy  goods  for  the  starch 
faiish,  we  may  content  ourselves  with  the  following  operations : — 
1.  Boiling  in  water. 

1  Scouring  by  the  stocks  or  the  dash- wheel. 
3.  Bucking  with  milk  of  lime. 

i  Passing  through  chlorine,  or  exposure  on  the  grass. 

5.  Backing,  or  bouking  with  milk  of  lime.    These  two  latter  operations  require  to  be 
•Itenated  several  times,  till  the  whole  of  the  coloring  matter  be  removed. 
S.  Souring. 

The  bleaehing  of  goods,  which  are  never  laid  down  on  the  green,  and  which  are  not 
dried  between  two  operations,  may  be  completed  in  a  couple  of  days.  They  answer  as 
veil  for  the  printer  as  the  others,  and  they  are  as  white.  Cotton  fibres  or  yarns  suffer 
no  dfaniDntioo  of  their  strength,  when  the  cloth  has  been  properly  treated  in  the  above 
(described  processes. 

Accurate  experiments  have  demonstrated  that  their  strength  is  not  impaired  by  being 
boiled  in  milk  of  lime  for  two  hours  at  the  ordinary  pressure,  provided  they  be  constantly 
kept  covered  with  liquid  during  the  whole  ebullition,  and  that  they  be  well  wa<hcd  im- 
neliatelj  afterwards;  or,  by  being  boiled  in  pure  water  under  the  pressure  of  ten  at  mos- 
ses of  steam ;  or  by  being  boiled  under  the  same  pressure  in  a  caustic  soda  Icy,  mark- 
jag  3^  of  Tweedale,  or  specific  gravity  1*015,  though  it  has  increased  to  double  the  density 
i>  the  coarse  of  the  boil,  by  the  escape  of  the  steam  ;  or  by  being  boiled  under  the  atmos- 
pkeric  pressure  at  14°  of  Tweedale,  or  specific  gravity  of  1"070 ;  or  by  being  immersed 
for  eight  hours  in  chloride  of  lime,  capable  of  decoloring  three  times  its  bulk,  of  test  so- 
lotiDn  of  indigo  (See  CiiLoaiNF.)  ;  and  by  bein?  afterwards  dipped  in  sulphuric  acid  of 
ipeci6e  gravity  1*067,  Tweedale  14* ;  or  by  beinc  steeped  for  eighteen  hours  in  sulphu- 
rie  or  muriatic  acid  of  specific  gravity  1*035,  7°  Tweedale. 

la  other  well-conducted  bleach-works  the  following  is  the  train  of  operations : — 
1.  Cleansing  oat  the  weaver's  dressing  by  stccpin;::  the  cloth  for  twelve  hours  in  cold 
vater,  and  then  washing  it  at  the  stocks  or  the  dash-wheel.  2.  Boilin?  in  milk  of  lime, 
flf  a  strength  suited  to  the  quality  of  the  goods,  but  for  a  shorter  time  than  with  tha 
ndsley;  two  short  operations  with  the  lime,  with  intermctliatc  washing,  being  prefer- 
able to  one  of  greater  duration.  3  and  4.  Two  consecutive  leys  of  ten  or  twelve  hours' 
boiliaf,  with  about  two  pounds  of  soda  chrystals  for  1  cwt.  of  cloth.  5.  Exposure  to 
l^  air  (or  suL  or  eight  days,  or  the  application  of  the  chloride  of  lime  and  the  sulphnrie 
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acid.  6.  A  lejr  of  caastic  soda,  like  the  fonner,  sometimes  with  less  alksli.  7.  Expoisie 
to  the  air  for  six  or  eight  days,  or  chlorine  and  the  sour,  as  aboye.  8.  Caastic  soda  le^, 
as  before.  9.  Chlorine  and  the  sour.  10.  Rinsing  in  hot  water,  or  scouiing  at  the 
dash-wheeL 

If  the  number  of  vessels  to  be  heated  exceeds  four  or  five,  there  is  an  economy  ia 
using  steam  as  the  medium  of  heat ;  but  under  this  number  there  is  an  adyantase  in 
the  direct  application  of  fire  to  a  boiling  or  bucking  apparatus ;  since  when  only  two 
vessels  are  in  activity,  there  is  a  waste  of  fuel  by  the  extra  steam  power.  It  deserves  to 
be  remarked,  also,  that  the  increase  of  the  bulk  of  the  liquki  by  the  condensation  of  the 
steam,  does  not  permit  the  spent  white  ley  to  be  turned  to  use  for  the  green  goods,  on  ae- 
count  of  its  excessive  dilution.  With  the  milk  of  lime  boil,  however,  this  dilation 
would  be  rather  an  advantage. 

It  has  been  found  that  the  introduction  of  bran  into  the  fermenting  steep  (when  this  is- 
used)  endangers  the  texture  of  the  goods,  by  causing  a  putrefactive  fermentation  ia  some- 
places. 

When  in  the  milk  of  lime  boil  there  is  too  much  of  this  caustic  earth,  or  when  it  i^^ 
poured  in  on  the  top  of  the  goods,  they  are  apt  to  suffer  damage.  The  milk  of  lime  t' 
be  introduced  from  beneath  into  the  under  compartment  of  the  bucking  apparatoa.  Fo 
the  same  reason,  a(\er  the  caustic  soda  ley,  the  vessel  should  be  filled  up  with  water,  I 
the  goods  be  not  immediatdy  transferred  to  the  dash-wheel.  When  they  are  allowed  t 
become  partially  dry  on  the  top,  they  are  easily  injured.  The  copper  of  the  bucking  i  _ 
paratus  ought  to  be  of  a  size  proportioned  to  that  of  the  surmounting  crib  or  yat ;  fa 
when  it  is  too  small,  the  liquid  is  too  long  of  being  brought  into  proper  circulation,  i 
the  goods  may  be  meanwhile  injured.  In  a  bucking  apparatus,  which  requires  five  or  u^m 
hours  to  be  brought  into  full  play,  those  goods  are  very  apt  to  be  injured,  whieh  lie  im— - 
mediately  under  the  overflow  pipe. 

When  the  chloride  of  lime  steep  is  too  strong,  sometimes  small  round  holes  are  mad^ 
in  the  calico,  just  as  if  they  had  been  cut  out  by  a  punch,  especially  in  the  borders  oM 
thicker  parts  of  the  goods.  This  accident  is  owing  to  the  presence  of  bubbles  of  ehlorine — 
From  the  saturated  state  of  the  liquid,  they  remain  gaseous  a  sufficient  length  of  time  fos 
oorroding  the  parts  of  the  ck)th  with  which  they  are  in  contact.  These  will  be  obvioaslsB 
the  denser  parts,  for  they  confine  the  gas  most  completely,  or  prevent  its  diffusion  throngBc 
the  mass.  This  evil  is  prevented  by  diluting  the  chloride  steep  to  the  proper  degree,  watmi 
moving  the  goods  through  it. 

The  greasy  spots,  described  above,  show  themselves  in  the  madderine  by  attracting  tk^ 
dye-stuff  more  copiously  than  the  pure  parts  of  the  cloth,  so  as  to  mottle  it ;  they  are  tUtmo 
recognised  in  the  white  goods  by  being  somewhat  repulsive  of  moisture.  When  the  ood- 
bination  of  fatty  matters  with  chlorine  takes  place  at  the  surface  of  cotton  goods,  it  is  of 
a  nature  to  resist  the  action  of  alkalis.   It  is  the  stearine,  or  the  principle  of  suet,  par- 
ticularly, which,  by  this  means,  acquires  such  a  strong  affinity  for  cottons ;  the  elaine,  or 
the  principle  of  oils,  has  no  such  remarkable  affinity.    Lime,  in  some  circumstances^ 
seems  to  act  as  a  mordant  to  greasy  matters,  and  to  fix  them  fast.    Hence  the  weaver 
should  be  prohibited,  in  all  cases,  from  allowing  candle-grease  to  touch  his  web.  Goods 
soiled  with  it  should  never  be  allowed  to  lie  by  in  the  ware-house,  but  be  immediately 
cleansed  before  the  air  has  fixed  the  stearine  by  converting  it  into  margaric  acid.  Lime 
should,  in  these  cases,  be  prudently  employed ;  chlorine  should  never  be  used  till  the  greasy 
stains  are  thoroughly  removed ;  and  the  bleacher  should  never  warrant  his  pieces  for  the 
printer  till  he  has  verified  some  of  them  by  the  water  test. 

I  shall  conclude  this  general  analysis  of  the  principles  of  bleaching  by  a  lew 
precepts.  Avoid  lime,  at  the  first  ley,  for  goods  which  contain  greasy  spots ;  but  use 
it  freely  afler  one  or  two  soda  leys,  and  apply  two  soda  leys  aAer  it.  Do  not  apply 
chlorine  between  these  leys,  but  reserve  it  for  the  final  operation.  By  this  plan  the 
goods  will  be  weU  bleached  and  very  little  worn.  Use  the  souring  steeps  freely, 
giving  them  aAer  each  ley,  whether  of  lime  or  soda,  since  the  calcareous  base,  with 
which  the  greasy  spots  get  charged  merely  from  hard  water,  is  an  obstacle  to  the  farther 
action  of  the  leys. 

I  shall  now  give  some  practical  instructions  concerning  the  several  steps  of  the  bleach- 
ing process,  as  applied  to  cotton,  linen,  silk,  and  wool. 

liie  first  thing  which  the  cotton  bleacher  does,  is  to  mark  the  pieces  with  u.e  initials 
of  the  owner,  by  means  of  a  stamp  imbued  with  coal  tar.  The  linen  bleacher  marks 
with  nitrate  of  silver,  a  far  more  expensive  substance,  but  one  which  resists  better  the 
severer  treatment  which  his  goods  are  destined  to  undergo.  * 

The  cotton  goods  arc  generally  singed  before  they  are  sent  to  the  bleacher,  and  this  if 
done  either  by  passing  them  rapidly  over  a  red-hot  semi-cylinder  of  iron,  or  over  a  row 
of  gas  flames,  by  Mr.  Hall's  ingenious  contrivance.  (See  Singeing.)  Each  piece  b  next 
creased  together  lengthwise  like  a  rope,  folded  into  a  bundle,  and  fixed  by  a  noose  at  the 
end.  In  this  open  state  it  is  easily  penetrated  by  the  water  of  the  soaking  cistern  into 
which  it  is  thrown.  It  is  then  scoured  by  the  dash  or  wash-wheel.   It  is  now  ready  Ibr 
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he  backing  or  steamiog  apparatus,  where  it  is  treated  with  milk  of  lime.  The  tteam 
liamber  resembles  the  bucking  vessel,  without  its  bottom  copper;  that  is  to  say,  a  few 
nehes  below  the  grated  bottom  of  the  bucking  tub,  there  is  a  clo^e  iron  sole,  through 
he  centre  of  which  the  steam  is  admitted  by  several  small  ap)ertures,  for  the  purpose  of 
iflosing  it  throughout  the  goods,  and  causing  a  liquid  circulation  by  its  pressure,  as 
lie  steam  does  in  the  proi)er  bucking  boiler.  One  pound  of  Jime  previously  made  into 
cream  consistenced  mixture,  and  passed  through  a  sieve,  is  used  for  eveiy  thirty  or  forty 
onnds of  cloth,  according  to  its  culor  and  texture;  and  this  cream  mixed  with  more  water 
I  interstratified  with  the  pieces,  as  they  are  laid  rei^ularly  in  the  vessel.  Whenever  thii 
I  stocked  with  goods,  all  their  interstices  are  filled  up  with  water.  After  the  lime 
Qckiiig,  the  cloth  is  transferred  to  the  dash -wheel. 

A  pound  of  cloth  requires  for  its  whitening  about  half  a  pound  of  good  av6iege 
Uoride  of  lime  or  bleaching  powder,  as  it  is  commonly  called,  and  this  ought  to  be 
iamlved  in  about  three  gallons  of  water.  Mr.  Crum  of  Thorniebank,  near  Glasgow, 
B  extensive  and  excellent  bleacher,  has  so  modified  Dr.  Dalton's  ingenious  plan  of 
ssting  the  power  of  bleaching  liquors  by  green  sulphate  of  iron,  as  to  give  it  much 
renter  precision  for  the  bleacher's  use,  than  the  discoloration  of  indigo  originally  pn>- 
Qted  by  Bertholiet.  Mr.  Crum  dissolves  four  ounces  of  fresh  green  vitriol  in  hot  water, 
nd  then  adds  the  solution  of  bleaching  powder  by  small  quantities  at  a  time,  till  the 
tm  becomes  wholly  peroxydized,  when  the  smell  of  chlorine  will  become  perceptible. 
Vhttk  the  bleacher  has  once  found  by  trial  the  proper  blanching  power  which  his  chlorine 
teep  ought  to  have,  he  can  verify  its  standard,  by  seeirig  how  much  of  it  must  be  added 
>  an  ounce,  or  any  given  weight  of  fresh  copperas,  dissolved  in  hot  water,  to  cause  the 
eroxydizement  and  the  exhalation  of  the  peculiar  odor.  M.  Gay  Lussac's  new  method 
7  arsenious  acid  will  be  described  under  chlorine.  From  the  experiments  which  1 
ladc  some  years  ago,*  upon  indieo,  it  will  be  seen  that  this  dye  stuff  is  so  variable  in 
ts  qeantity  of  coloring  matter,  that  no  two  chemists  operating  with  it  independently, 
«  a  test  for  chloride  of  lime,  could  arrive  at  the  same  result.  They  must  provide 
hemselves  with  absolute  indigo,  by  an  expensive  and  troublesome  process,  not  suited  to 
he  busy  bleacher.  The  vitriolage,  as  the  French  term  it,  or  the  soaring  of  the  English 
ileacher,  consists  in  immersins:  the  goods  for  four  hours  in  dilute  sulphuric  acid,  con- 
lining  one  gallon  of  oil  of  vitriol  to  from  25  to  30  of  water,  thoroughly  intermixed  by 
tining ;  for  the  density  of  the  acid  is  an  obstacle  to  its  equal  distribution  through  the 
nter.  This  dilute  acid  will  have  a  density  of  from  1  047  to  1*040,  and  will  contain 
bom  7  to  6|  per  cent,  by  weight  of  the  oil  of  vitriol. 

The  goods  are  now  washed,  and  then  boiled  for  eight  or  nine  hours  in  an  alkaline 
fey,  eontaining  about  two  pounds  of  crystals  of  soda,  or  their  equivalent  in  soda  ash  or 
petrl-ash,  for  every  100  lbs.  of  cloth.  The  ley  must  be  made  previously  caustic  by 
luek  lime.  A  washing  in  the  wheel  follows  this  boil ;  and  then  a  chlorine  steep  for 
Ive  hours  in  a  liquor  two  thirds  of  the  strength  of  the  former.  It  is  next  soured  in  the 
dilate  sulphuric  acid,  for  two,  three,  or  four  hours,  according  to  the  color  and  quality 
of  the  cotton,  and  then  thoroughly  washed. 

The  cioth  is  now  bleached  white,  but  cannot  be  presented  in  the  market  till  it 
odergoes  certain  finishing  processes.  The  piece  is  elongated  from  the  folds  which  it 
eoBtracts  during  the  rotation  of  the  dash-wheel  by  being  thrown  into  a  stream  of  water 
it  a  cistern,  terminated  by  the  squeezing  rt»ller<,  which  take  in  the  end  of  the  piece,  and 
na  it  throosrh  between  them,  with  the  effect  of  making  it  nearly  dry.  Two  pieces  of 
doth  pass  simultaneously  through  the  rollers,  and  are  disentangled  spontaneously,  so  to 
9eak,  without  the  help  of  hands. 

The  squeezing  rollers  or  squeezer*,  for  discharging  the  greater  part  of  the  water  from 
the  yams  and  goods  in  the  process  of  bleaching,  are  represented  in  Jigs,  1 17,  1 18,  the 


*  QuBricily  Juarwd  uf  8cicBC«,  Litcratara,  and  tha  Aru,  vol.  vii.  p.  16A. 
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fimner  being  a  (tide-view,  to  show  how  the  roller  gadgeons  lie  in  the  slots  of  the  fruM, 
ttid  how  the  shafi  of  the  upper  roller  is  pressed  downward  by  a  weighted  leyer,  through 
a  yertical  junction  rod,  jointed  at  the  bottom  to  a  nearly  horizontal  bar,  on  whose  end 
the  proper  weight  is  hung.  In  Jig.  118,  these  roUers  of  birch- wood  are  shown  in  lace; 
the  under  one  receiving  motion  through  the  toothed  wheel  on  its  shaf\,  from  any  smtahk 
power  of  water  or  steam.  Upon  the  shafl  of  the  latter,  between  the  toothed  wheel  and 
the  roller,  the  lever  and  pulley  for  putting  the  machine  into  and  out  of  gear  are  visible. 
The  under  roller  makes  about  25  revolutions  in  the  minute,  in  which  time  three  pieeei 
of  goods,  stitched  endwise,  measuring  28  yards  each,  may  be  run  through  the  maehiaei 
from  a  water  trough  on  one  side,  to  a  wooden  grating  upon  the  other. 

When  the  goods  are  run  through,  they  are  carried  off  upon  a  grated  wheelbarrow,  it 
a  iftarly  diy  state,  and  transferred  to  the  spreading  machine,  odied  at  Manchester  a 
emndroy.  In  many  bicach-works,  however,  the  ereased  pieces  are  palled  straight  by  the 
hands  of  women,  and  are  then  strongly  beat  against  a  wooden  stock  to  smooth  oot  the 
edges.  This  being  done,  a  number  of  ^pieces  are  stitched  endwise  together,  preparatory 
to  being  mangled. 

Calender,— Fig,  120  is  a  cross  section  of  this  machine,  and  figs,  119,  121,  are  ftost 
views  broken  off.   The  goods  are  first  rolled  npon  the  wooden  cylinder  a,  near  the 
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ground;  by  the  tension  roUer  6,  npon  the  same  cylinder,  the  goods  receive  a  propar 
degree  of  stretching  in  the  winding  off.  They  then  pass  over  the  spreading  bars  e  e 
by  which  they  are  still  more  distended ;  next  round  the  hollow  iron  cylinder  d,  16  inehci 
diameter,  and  the  paper  cylinder  e,  of  like  dimensions ;  thence  they  proceed  under  the 
second  massive  iron  cylinder  /,  of  8  inches  diameter,  to  be  finally  wound  about  the  pio- 
jecting  wooden  roller  g.  This  is  set  in  motion  by  the  pulleys  hyfig,  121,  and  iyfig,  190^ 
and  receives  its  proper  tension  from  the  hanging  roller  ;  /  is  a  press  cylinder,  of  14 
inches  diameter,  made  of  plane-tree  wood.  By  its  means  we  can  at  all  times  secure  an 
equal  degree  of  pressure,  which  would  be  hardly  possible  did  the  weighted  lever  press 
immediately  upon  two  points  of  the  calender  rollers.  The  compression  exercised  by 
the  cylinders  may  be  increased  at  pleasure  by  the  bent  lever  m,  weights  being  applied 
to  it  at  w.  The  upper  branch  of  the  lever  o  is  made  fast  by  screws  and  bolts  at  j»,  to 
the  upper  press-cylinder.  The  junction  leg  q  is  attached  to  the  intermediate  piece  r,  by 
leA  and  right-handed  screws,  so  that  according  as  that  piece  is  turned  round  to  the  right 
or  the  left,  the  pressure  of  the  weighted  roller  will  be  either  increased  or  diminished.  By 
turning  it  still  more,  the  piece  will  get  detached,  the  whole  pressure  will  be  removed,  and 
the  press-roller  may  be  taken  off;  which  is  a  main  object  of  this  mechanism. 

The  inequable  movement  of  the  cylinders  is  produced  by  the  wheels  «  ^  «,  of  which 
the  oodermost  has  69,  the  uppermost  has  20,  and  the  carrier- wheel  /,  either  33, 32,  or  20 
teeth,  according  to  the  difference  of  speed  required.   The  carrier-wheel  is  bolted  on  at 

and  adjusted  in  its  proper  place  by  means  of  a  slot.  To  the  undermost  iron  cylinder^ 
the  first  motion  is  communicated  by  any  power,  for  which  purpose  either  a  rigger 
(dririiig  pulley)  is  applied  to  its  shaft  at «,  or  a  crank  motion.   If  it  be  desired  ID 
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opente  with  a  heated  ealender,  the  ondennost  hollow  cylinder  may  be  fiUed  with  hot 
steam,  admitted  through  a  stufiing-boz  at  one  end,  and  discharged  through  a  stuffing-box 
at  the  other,  or  by  a  red-hot  iron  roller. 

Pure  starch  would  be  too  expensive  a  dressing  for  common  calico  shirtings,  and  there- 
fore an  extemporaneous  starch  is  made  by  mixing  one  pound  of  flour  with  one  jErallon  of 
water,  and  allowing  the  mixture  to  ferment  in  a  warm  place  for  twenty-ibiir  hours.  In 
this  way,  a  portion  of  lactic  acid  is  formed,  which  dissolves  the  gluten,  or  separates  it 
from  the  starch ;  so  that  when  the  whole  is  thrown  upon  a  sieve,  a  liquid  paste  passes 
through,  which,  being  boiled,  answers  well  for  stiffening  the  goods,  Ttdthout  giving  them 
a  gray  tinge.  The  paste  Is  thinned  with  water  to  the  desired  degree,  and  faintly  tinged 
with  solution  of  indigo.  The  starch,  which  is  sometimes  thickened  with  porcelain  clay, 
Paris  plaster,  or  Spanish  white,  is  put  into  a  trough,  and  is  evenly  imparted  lothe  cloth  as 
this  is  drawn  down  through  it,  by  the  traction  of  rollers.  There  is  a  roller  near  the 
bottom  of  the  trough,  round  which  the  cloth  is  made  to  run,  to  secure  its  fuU  impregna- 
tion ;  while  the  upper  rollers  serve  to  expel  its  excess  of  the  starch,  and  throw  it  back 
into  the  cistern.   See  Starching  Apparatus. 

The  goods  are  next  dried  in  an  apartment  heated  by  two,  three,  or  more  flues,  running 
along  the  floor,  and  covered  usually  with  flre-tiles.  At  first  the  heat  is  moderate,  but  it 
a  gradually  raised  to  upwards  of  1 10^  F. 

The  goods  must  now  be  passed  again  through  the  calender,  in  order  to  receive  their 
final  sDooothness  and  lustre.  They  are,  in  the  first  place,  damped  with  a  peculiar  ma- 
chine, furnished  with  a  circular  brush,  whose  points  rei'olve  in  contact  with  water  in  a 
trough  placed  beneath  them,  and  sprinkle  drops  of  water  upon  the  goods  as  they  are 
drawn  forward  by  a  pair  of  cylinders.  They  are  then  subjected  to  the  powerful  pressure 
of  the  calender  rollers. 

The  calendered  pieces  are  neatly  folded  into  compact  parcels,  and  stamped  with  the 
tDarks  of  each  particular  manufacturer,  or  various  devices  to  suit  the  markets  for  whidi 
they  are  designed.  They  are  finally  piled  on  the  sole  of  an  hydraulic  press,  with  a  sheet 
of  pasteboard  between  each  piece ;  but  with  occasional  plates  of  iron  to  secure  uniformity 
cf  pressure  throughout.  When  sufliciently  condensed  by  the  press,  they  are  taken  ont, 
and  despatched  to  their  respective  manufacturers  in  a  state  ready  for  sale. 

There  are  no  less  than  25  steps  in  the  bleaching  of  calicoes,  many  of  them  effected 
vith  expensive  machinery ;  yet  the  whole  do  not  produce  to  the  bleacher  more  than  10 
peace  per  piece  of  24  yards. 

The  following  system  was  pursued,  a  few  years  back,  by  a  skilful  bleacher  of  muslins 
DOT  Glasgow : — 

"In  fermenting  muslin  goods,  we  surround  them  with  our  spent  leys,  from  the  tem- 
pers are  of  100°  to  150^  F.,  according  to  the  weatlier,  and  allow  them  to  ferment  for 
36  hours.  In  boiling  112  lbs.  =  112  pieces  of  yard-wide  muslin,  we  use  6  or  7  lbs.  of 
petrl-ashes,  and  2  lbs.  of  sofl  soap,  with  360  gallons  of  water,  and  allow  them  to  boil  for 
6  hours ;  then  wash  them,  and  boil  them  again  with  5  lbs.  of  pearl-ashes  and  2  lbs.  cf 
soft  soap,  and  allow  them  to  boil  3  hours ;  then  wash  them  with  water,  and  immerse 
them  into  the  solution  of  oxymuriate  of  lime,  at  5  on  the  test- tube,  and  allow  them  to 
remain  from  6  to  12  hours;  next  wash  them,  and  immerse  them  into  dilute  sulphurjc  add 
•I  the  specific  gravity  of  3^  on  Tweedale's  hydrometer  =  1*0175,  and  allow  them  to 
remain  an  hour.  They  are  now  well  washed,  and  boiled  with  2^  lbs.  of  pearl-ashes,  and 
2  Ibf.  of  soft  soap  for  half  an  hour ;  afterwards  washed  and  immersed  into  the  oxynm- 
riate  of  lime  as  before,  at  the  strength  of  3  on  the  test-tube,  which  is  stronger  than  the 
Tonner,  and  allowed  to  remain  for  6  hours.  They  are  aeain  washed,  and  immersed  in 
dflnted  sulphuric  acid  at  the  specific  gravity  of  3  on  Tweedale's  hydrometer  =  1*015. 
If  the  goods  be  strong,  they  will  require  another  boil,  steep,  and  sour.  At  any  rate,  the 
niphurie  acid  must  be  well  washed  out  before  they  receive  the  finishing  oi>eration  with 
ittfeh. 

*  With  regard  to  the  lime,  which  some  use  instead  of  alkali  immediately  af^er  ferment- 
in?,  the  same  weight  of  it  is  employed  as  of  pearl-ashes.  The  goods  are  aUowed  to  boil 
in  it  for  15  minutes,  but  no  longer,  otherwise  the  lime  will  injure  the  fabric." 

More  recently  the  plan  adopted  is  as  follows  j  by  which  the  purest  whites  are  pro- 
iheed  for  the  London  market. 

"Lime  is  seldom  used  for  our  finer  muslin  goods,  as  it  is  found  to  injure  their  fabric, 
Md  the  colors  do  not  keep  for  any  length  of  lime. 

"An  aUialine  ley  is  made  by  boiling  equal  weights  of  lime  and  soda  together  for  an 
kow;  this  alkali  is  used  for  boiling  goods  the  same  as  potash,  but  without  soap. 

"In  finishing  jaconets  or  muslins,  after  washing  them  from  the  sour,  they  are  run 
^woogh  spring-water  containing  a  little  fine  smalts,  which  give  them  a  clear  shade ; 
nofi  coarse  fabric,  a  little  well-boiled  starch  is  added  to  the  water.    From  this  they 
uevnmg  or  pressed,  and  taken  up  by  the  selvage  for  the  breadthini?  frame,  and  are 
off  it  upon  a  tin  cylinder  heated  by  steam,  by  which  the  piece  is  completely  dried 
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in  15  minute :  it  is  then  stripped  from  the  cylinder,  neatly  folded  and  pressfd,  vhidi 
finishes  the  piece  for  the  market.  From  6d,  to  9d.  per  piece  of  12  yards  is  obtained  for 
the  bleaching  and  finishing  of  those  eoods. 

Book  inusliu!*,  af\er  being  washed  from  the  sour,  are  wrung  or  pressed ;  then  they  are 
hung  up  to  dry  in  a  heated  stove,  previous  to  being  put  into  starch,  prepared  by  boiliaf 
3  lbs.  of  it  to  every  5  gallons  of  water,  with  20  ounces  of  smalts :  they  are  wrung  out  of 
this  starch,  an  1  taken  to  a  room  heated  to  110°  F. ;  the  starch  is  wrought  into  the  piece 
Ull  clear,  then  taken  into  a  cold  room,  and  the  selvages  dressed  or  set,  before  being  pot 
on  the  brea  Ithing  frame  in  the  heated  stove,  where  the  piece  is  stretched  to  its  length, 
while  three  or  four  persons  at  each  selvage  keep  the  piece  to  its  breadth.  If  a  stiff  finish 
is  wanted,  they  keep  exactly  opposite  each  other ;  but  in  breadthing  the  piece  of  elastic, 
they  cross  tlie  piece  in  breadthing,  which  gives  it  a  springy  elastic  finish.  From  9dm  to 
Ibd.  per  piece  of  12  yards  is  obtained  for  the  bleaching  and  finishing  of  these  goods. 

Sewed  trimmings,  flounces,  and  dresses  are  run  through  spring  water  containing  fine 
SDialts  with  a  little  well-boiled  starch.   They  arc  then  taJcen  to  the  drying-stove,  whef& 
they  are  stentcd  till  dr>',  wUich  finishes  the  piece  for  the  market.    From  6d,  to  Sd.  per~ 
piece  is  obtained  for  trimmings  and  flounces,  and  from  9d,  to  1«.  for  dresses,  Ueschlng^ 
and  finishing." 

In  the  bleaching  of  cotton  cloth,  where  fixed  colors  are  previously  dyed  in  the  ymn^m 
before  it  is  woven  into  cloth,  such  as  the  Turkey  or  Adrianople  red,  and  its  componnd^H 
of  lilach  or  purple,  by  the  addition  of  in)n  bases,  various  shades  of  blue  from  indigo,  t 
with  buif  and  gold  color,  tinged  with  the  oxydes  of  iron,  great  care  is  necesiMury. 

The  conmion  process  of  bleaching  piilicates,  into  which  permanent  colors  are  ' 
ii^  to  wash  the  dressing  or  starch  well  out  in  cold  water ;  to  boil  them  gently  in  \ 
and,  ader  again  washing,  to  immerse  them  in  a  moderately  strong  solution  of  the  < 
Boriate  of  potash  ;  and  this  process  is  followed  until  the  white  is  good  :  they  are  1 
soared  in  dilute  sulphuric  acid.   If  the  goods  are  attended  to  in  a  proper  manner,  th- 


eolors,  in  place  of  being  impaired,  will  be  found  greatly  improved,  and  to  have  acqnir^=— ^ 
a  delicacy  of  tint  which  no  other  process  can  impart  to  them. 

Policates,  or  ginghams,  which  have  been  woven  along  with  yam  which  has  been  pi 
vioosly  bleached,  are  first  freed  by  washing  from  the  starch  or  dressing:  they  are 
washel,  or  slightly  boiled  with  soap.   AAer  which,  they  are  completely  rinsed  in 
spring  water,  and  then  soured. 

Besides  these  common  processes  for  bleaching,  another  was  some  time  ago  introdoce  <^ 
which  consisted  in  immersing  the  cotton  or  linen  goods  in  pretty  strong  solution  of  caiL9- 
tic  alkali,  an  1  afterwards  exposing  them  to  the  action  of  steam  in  a  close  vessel.    It  if 
now  generally  abandoned. 

The  cotton  or  linen  goods,  having  been  previously  cleaned  by  steeping  and  washing, 
were,  after  being  woU  drained,  steeped  in  a  solution  of  caustic  alkali  of  the  specific  gravity 
of  1020.  After  the  superfluous  alkaline  ley  had  been  drained  from  them,  they  were  ar- 
ranged on  a  gratins;  in  a  receiver.  The  cover  was  then  placed  on  the  vessel,  and  firmly 
screwed  down ;  and  the  steam  was  admitted  by  turning  the  stopcock  of  the  pipe  whiek 
communicated  with  a  steam  boiler  of  the  common  construction. 

The  stains  which  come  out  upon  maddered  goods,  in  consequence  of  defective  bleach- 
ing, are  called  in  this  country  spangs.  Their  origin  is  such  as  I  have  described  above, 
as  the  following  statement  of  facts  will  show.  The  weaver  of  calicoes  receives  frequently 
a  fine  warp  so  tender  from  bad  spinning  or  bad  staple  in  the  cotton,  that  it  wUl  not  besr 
the  ordinary  strain  of  the  hcddles,  or  friction  of  the  shuttle  and  reed,  and  he  is  obliged 
to  throw  in  as  much  wefl  as  will  compensate  for  the  weakness  or  thinness  of  the  warp^ 
and  make  a  good  marketable  cloth.  He  of  course  tries  to  gain  his  end  at  the  leak 
expense  of  time  and  labor.  Hence,  when  his  paste  dressing  becomes  dry  and  stiflT,  he  has 
recourse  to  such  greasy  lubricants  as  he  can  most  cheaply  procure ;  which  are  commonly 
either  tallow  or  butter  in  a  rancid  state,  but  the  former,  being  the  lowest  priced,  is  pire- 
ferred.  Accordingly,  the  weaver,  having  heated  a  lump  of  iron,  applies  it  to  a  piece  of 
tallow  held  over  the  warp  in  the  loom,  and  causes  the  melted  fat  to  drop  in  patches  upon 
the  3rarns,  which  he  afterwards  spreads  more  evenly  by  his  brush.  It  is  obvious,  however, 
that  the  grease  must  be  very  irregularly  applied  in  this  way,  and  be  particularly  thick  oo 
certain  spots.  This  irrc<?ularity  seldom  fails  to  appear  when  the  goods  are  bleached  or 
dyed  by  the  common  routine  of  work.  Printed  calicoes  examined  by  a  skilful  eye  will 
be  oAen  seen  to  be  stained  with  large  blotches  evidently  occasioned  by  this  vile  practice 
of  the  weaver.  The  ordinar>'  workmen  call  these  copper  stains,  believing  them  to  be 
oonununicated  in  the  dyeing  copper.  Such  stains  on  the  cloth  are  extremely  injurious  in 
dyeing  with  the  indigo  vat.  The  followin?  plan  is  adopted  by  some  Scotch  bleachen, 
with  the  effect,  it  is  said,  of  effectually  counteracting  spangs  from  grease. 

The  goods  having  been  singed  and  steeped  in  pure  water,  as  is  customary  in  common 
bleaching,  they  are  passed  through  a  pair  of  rollers  to  press  out  the  impurities  whidi 
have  been  loosened  by  the  steeping.   It  must  here,  however,  be  observed,  tlRit  where  the 
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expense  of  one  extra  drying  can  be  aflbrded,  the  process  might  be  very  much  improved 
by  steeping  the  brown  calicoes  for  thirty  or  forty  hours  before  singeing,  because  this  would 
Kpwate  much  of  that  impurity  which  usually  becomes  fixed  in  the  stuff  on  its  being  pass- 
Bd  over  the  hot  cylinders.  When  the  pieces  have  been  thus  singed,  steeped,  and  pressed, 
they  are  boiled  four  times,  ten  or  twelve  hours  at  each  time,  in  a  solution  of  caustic  pot- 
tth,  of  the  specific  gravity  of  from  1*0127  to  1*0156,  washing  them  carefully  and  thorough- 
ly in  pure  water  between  each  of  these  boilings.  They  are  then  immersed  in  a  solution 
af  the  chloride  of  potash,  originally  of  the  strength  of  1*0625,  and  afterwards  rednced 
with  twenty-four  times  its  measure  with  water. 

When  the  preparation  is  good,  these  proportions  wUI  whiten  cotton  goods  completely  in 
eight  hours.  In  this  steep  they  are,  however,  generally  suffered  to  remain  twelve  hours, 
[t  has  been  supposed  that  the  common  bleaching  liquor  (chloride  of  lime)  cannot,  without 
injary,  be  substituted  for  chloride  of  potash,  but  I  believe  this  to  be  a  mistake. 

Some  printers  take  the  pieces  from  this  solution,  and,  while  wet,  lay  them  upon  the 
grass,  and  there  expose  them  to  the  sun  and  weather  for  two  or  three  days.   They  arc 
thence  removed  to  the  sours,  made  of  the  specific  gravity  of  about  1*0254  at  the  temper- 
alore  of  110^  of  Fahrenheit.   In  bleaching  common  goods,  and  such  as  are  not  designed 
for  the  best  printing,  the  specific  gravity  of  the  sours  is  varied  from  that  of  1*0146  to  that 
of  1*0238,  if  weighol  when  they  become  of  the  temperature  of  the  atmosphere.    In  these 
they  are  suffered  to  lie  for  five  or  six  hours,  after  which  they  are  taken  to  the  dash-wheel 
tod  washed  thoroughly.   When  this  operation  is  finished,  they  are  submitted  to  four  more 
biMlings  as  before,  with  a  solution  of  caustic  potash ;  taking  care  to  wash  well  between 
euk  if  these  boilini^   Sometimes  pearl-ash,  made  caustic,  is  used  for  the  last  of  these 
boilings,  lest  the  sulphur,  which  always  exists  in  the  potashes  of  commerce,  should  impair 
the  whites.    They  are  next  inmiersed  in  the  diluted  chloride  of  poiash,  of  the  strength 
before  mentioned ;  after  which  they  are  well  washed  in  pure  water,  and  then  winched 
ibr  half  an  hour  in  common  sours.   The  last  process  is  that  of  careful  washing  in  plenty 
of  dean  water,  after  which  they  are  not  put  into  the  stove,  but  are  immediately  hung  up 
is  the  airing  sheds  to  dry  gradually.   The  water  must  be  good,  and  abundant. 

The  nomber  of  operations,  as  here  described,  is  great ;  but  I  know  of  no  other  mode 
of  proeedore  by  which  perfect  bleaching  is  so  likely  to  be  effected  at  all  times  and  in  all 
seasons,  without  disappointment.  It  must  here  be  remarked,  that,  for  the  best  purposes 
of  printing,  it  would  not  be  sufficient  to  take  goods  which  have  been  bleached  in  the 
conunon  way  and  finish  these  by  the  better  process ;  because  the  sulphate  of  lime  depo- 
sited in  the  cloth  by  that  operation  will  be  apt  to  spoil  them  for  madder  colors ;  at  least, 
t  printer  who  is  curious  in  his  business  would  hesitate  to  work  up  such  cloth. 

Bacfctag  or  Bowking. — This  is  one  of  the  most  important  operations  in  the  bleaching 
ofboth  cotton  and  linen  goods.  There  are  several  methods  whereby  this  process  is  car- 
ried on ;  but  of  these  we  shall  select  only  two,  distinguishing  them  as  the  old  and  new 
nethod  of  bucking.  In  the  former  way,  the  cloths  have  been  steeped  in  the  alkaline  ley, 
u  before  described,  and  afterwards  well  washed,  are  regularly  arranged  in  a  large  wooden 
or  kieve;  a  boiler  of  sufficient  capacity  is  then  filled  with  caustic  alkaline  ley, 
vbieh  is  heated  to  the  temperature  of  blood.  The  boiler  Is  then  emptied  by  a  stop-cock 
ttpon  the  linens  in  the  kieve,  until  they  are  covered  with  the  liquor.  After  having 
RDained  on  the  cloth  for  some  time,  it  is  run  off  by  a  stop-cock,  at  the  bottom  of  the 
kieve,  into  an  iron  boiler  sunk  in  the  ground,  from  whence  it  is  raised  into  the  b9iler 
bj  a  pomp.  The  heat  is  now  elevated  to  a  higher  temperature,  and  the  ley  again  ran 
Qpoo  the  goods  in  the  kieve;  from  whence  it  is  returned  into  the  boiler,  as  before 
VKribed :  and  these  operations  are  continued,  always  increasing  the  heat,  until  the 
dkaUne  ley  is  completely  saturated  with  the  coloring  matter  taken  from  the  cloth, 
vbieh  is  known  by  its  having  acquired  a  completely  offensive  smell,  and  losing  its 
emticity. 

When  we  consider  the  effect  which  heated  liquids  have  upon  colored  vegetable 
latter,  we  shall  see  the  propriety  of  the  temperature  of  the  alkaline  ley  beinar  gradually 
increased.  Thus,  when  vegetable  substances  are  hastily  plun&;ed  into  boilins;  liquids 
|ke  coloring  matter,  in  place  of  being  extracted,  is,  by  this  higher  temperature,  fixed 
them.  It  is  on  this  principle  that  a  cook  acts  in  the  culinary  art,  when  the  green 
color  of  vegetables  is  intended  to  be  preserved:  in  place  of  putting  them  into  water  when 
oU,  they  are  kept  back  until  the  water  is  boiling ;  because  it  is  well  known  that,  in 
tbe  fonner  case,  the  green  color  would  be  entirely  extracted,  whereas,  whcm  the  vegeta- 
lilei  are  not  infused  until  the  water  is  boUing,  the  color  is  completely  preserved  or  fixed. 
Oftthe  same  principle,  when  the  tempeiature  of  the  alkaline  ley  is  gradually  raised,  the 

gmtive  and  cobring  matter  is  more  effectually  taJcen  from  the  cloth  ;  and  the  case  is 

Penned  when,  the  ley  is  applied  at  the  boiling  temperature :  so  much  so,  that  linen 
has  been  so  unfortunate  as  to  meet  with  this  treatment,  can  never  be  brought  to  a 

l"»4iAite. 

^Wt  the  alkaline  ley  is  saturated  with  coloring  matter,  it  is  run  off  as  un£t  for 
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Author  use  in  this  operation;  but,  were  the^^oods  to  be  instantly  taken  o 
Ideve,  and  carried  to  be  washed  in  the  dash-wheel  while  hot,  a  certain  poi^ 
ooloring  matter  would  be  again  fixed  into  them,  which  is  extremely  dl 
eradicate.  In  order  to  prevent  this,  the  most  approved  bleachers  run  warm  wi 
the  cloth  as  soon  as  the  impure  ley  is  run  off:  this  combines  with  and  eazrii 
of  the  remaining  impurities.  A  stream  of  water  is  then  allowed  to  run  npon 
in  the  kieve,  until  it  comes  off  almost  transparent.  The  goods  are  now  to 
to  the  wash  stocks,  or  to  the  dash-wheel,  to  be  further  cleaned,  with  thi 
efficacy. 

The  improved  mode  of  bowking  was  the  invention  of  Mr.  John  Laurie,  a 
Glasgow.  It  is  now  practised  by  many  bleachers  in  Lancashire,  some  on  ma 
plans  than  others ;  but  we  shall  give  the  description  of  the  kind  of  apparatus 
of  by  those  whose  experience  and  skill  have  rendered  them  the  most  < 
judges. 

In  fig*  122,  ▲  B  c  D  is  the  wooden  kieve,  or  kier,  containing  the  cloth  { 

represents  the  cast-iron  boiler; 
pump;  g  Ky  the  pipe  of  comn 
between  the  kieve  and  the  bofi 
pipe  has  a  valve  on  each  of  its  ez 
that  on  the  upper  extremity,  w 
prevents  the  ley  from  running 
boiler,  and  is  regulated  by  the 
by  means  of  the  rod  and  hai 
The  valve  at  x  admits  the  ley; 
ing  inwards,  it  prevents  the  si 
escaping  through  the  pipe  g 
boiler  has  a  steam-tight  iron  a 
and  at  c  d,  in  the  kieve,  is  i 
grating,  a  small  distance  above 
of  the  boiler. 

At  M  o  is  a  broad  plate  of 
order  to  spread  the  ley  over  ' 
It  is  hardly  necessary  to  say 
boiler  has  a  furnace,  as  usual,  f 
purposes. 

While  the  ley  is  at  a  low  ten 
tlie  pump  is  worked  by  the  mill 
engine.  When  it  is  sufficiently  heated,  the  elasticity  of  the  steam  forces  it  U] 
the  valves  of  the  pump,  in  which  case  it  is  disjoined  from  the  moving  power. 

N  p  is  a  copper  spout,  which  is  removed  at  the  time  of  taking  the  cloth  c 
Ideve. 

The  boilers  a,  fig,  123,  used  in  bleaching,  are  of  the  common  form,  havi 

cock,  H  G,  at  bottom,  for  running  off  the  * 
They  are  commonly  made  of  cast-iron,  an 
pable  of  containing  from  300  to  600  gallon! 
according  to  the  extent  of  the  business 
order  that  the  capacity  of  the  boilers  may  be 
they  are  formed  so  as  to  admit  of  a  crib 
strongly  hooped,  or,  what  is  preferable,  of 
to  be  fixed  to  the  upper  rim  or  edge  of  it. 
the  goods  from  the  bottom,  where  the  heat 
forcibly,  a  strong  iron  ring,  covered  wil 
made  of  stout  rope,  c,  is  allowed  to  rest  si] 
inches  above  the  bottom  of  the  boile 
double  ropes  are  attached  to  the  ring  e, 
drawing  the  goods  when  sufficiently  boil 
have  each  an  eye  for  admitting?  hooks 
running  tackle  of  a  crane.  Where  mo 
than  one  are  employed,  the  crane  is  f 
that,  in  the  range  of  its  sweep,  it  may  withdraw  the  goods  from  any  of  them, 
purpose,  the  crane  turns  on  pivots  at  top  and  bottom ;  and  the  goods  are  raise 
ered  at  pleasure,  with  double  pulleys  and  sheaves,  by  means  of  a  cylinder  mavt 
iron  wheels.  The  lid  is  secured  by  the  screw  bolts  d  d,  and  rings  b  b.  f  ; 
tahre. 

The  efficacy  of  Laurie's  bowking  apparatus  is  remarkable.    While  th 
"  ■ '  *""llv  rising,  a  current  of  fresh  ley  is  constantly  presented  to  the  differen 
iting  the  goods,  so  as  to  increase  its  detersive  powers.   Besides,  the  i 
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which  th«  apparatus  is  worked,  first  by  the  water-wheel  or  steam-engine,  and  then  by  its 
iatrinsiyperation,  puts  it  completely  out  of  the  power  of  servants  to  slight  the  work; 
not  to  speak  of  the  great  saving  of  alkali,  which,  in  many  cases,  has  been  found  to 
•moiiiit  to  25  per  cent. 
A  simple  modification  of  the  bowking  apparatus  is  shown  in  figs,  124,  125,  126  ;  the 

first  being  a  vertical  section,  the 
second,  a  horizontal  section  in  the 
line  X  of  the  first.    It  consists  of 
two  parts:  the  upper  wide  part, 
a  a,  serves  for  the  reception  of  the 
goods,  and  the  lower  or  pot,  6,  for 
holding  the  ley;  c  c  is  an  iron 
grating,  shown  apart  in  fig,  126. 
The  grating  has  numerous  «inare 
apertures  in  the  middle  of  the 
disc,  to  which  the  rising  pipe  d  is 
screwed  fast.   The  upper  cylinder 
is  formed  of  cast  iron,  or  of  sheet 
iron  well  riveted  at  the  edges  $  or 
sometimes  of  wood,  this  being 
secured  at  its  under  edge  into  a 
groove  in  the  top  edge  of  the  ley- 
pot.   The  mouth  of  the  cylinder 
is  constructed  usually  of  sheet 
iron,    c  6  is  ilie  fire-grate,  whose 
upper  surfdce  is  shown  in  fig.  125 ; 
it  is  made  of  cast  iron,  in  three 
pieces.    The  flame  is  parted  at/,  and  passes  through 
the  two  apertures  g  g,  into  the  flues  ^  A,  so  as  to  play 
round  tlie  pot,  as  is  visible  in^g.  125 ;  and  escapes  by 
two  outleus  into  the  chimney.    The  apertures  it 
serve  for  occasionally  slcanins;  out  the  flues  h  h,  and 
are,  at  other  times,  shut  with  an  iron  plate.    In  the 
partition  /,  which  separates  the  two  openings  g  g, 
and  the  flues  h  A,  runnin?  round  the  pot,  there  is  a 
circular  space  at  the  poiut  rnarkeil  with  t\,fig.  125,  in 
which  the  large  pipe  for  discharging  the  waste  ley  is 
lodged.   The  upper  large  cylinder  should  be  incased 
in  wood,  with  an  intermediate  space  filled  with  saw- 
dust, to  confine  the  heat.    The  action  of  this  appa- 
ratus is  cxacfly  the  same  as  of  that  already  explained. 

Besides  the  boilin?,  buckinir,  and  other  appa- 
ratus above  described,  the  machinery  and  utensils 
useii  in  bleaching  are  various,  according  to  the 
business  done  by  the  bleacher.  When  linen  or 
heavy  cotton  cloths  are  whitened,  and  the  business 
is  carried  on  to  a  considerable  extent,  the  machines 
arc  both  complicated  and  expensive.  They  con- 
sist chiefly  of  a  water-wheel,  suflTiciently  powerful 
for  givins  motion  to  the  wasli-stocks,  dash-wheels, 
squeezers,  Slc,  with  any  other  operations  where 
power  is  required. 

Figs.  127,  128,  represent  a  pair  of  wash-stocks. 
A  A  are  called  the  stocks,  or  feet.  They  are  sus- 
pended on  iron  pivots  at  b,  and  receive  their  mo- 

  lion  from  wipers  on  the  revolving  shaft  c.  The 

^loth  is  laid  in  at  d,  and  by  the  alternate  strokes  of  the  feet,  and  the  curved  form  of 
^lie  Uumhead  k,  the  cloth  is  washed  and  gradually  turned.  At  the  same  time,  an 
^faudant  stream  of  water  rushes  on  the  cloth  throughout  holes  in  the  upper  part  oi 
twnhnd.  Wash-stocks  are  much  used  in  Scotland  and  in  Ireland.  In  the  latter 
^ontry  they  are  often  made  with  double  feet,  suspended  above  and  below  two  turnheads, 
^ad  wrought  with  cranks  instead  of  wipers.  Wash-stocks,  properly  constructed,  make 
ftwn  24  to  30  strokes  per  minute. 

This  mode  of  washing  is  now  entirely  given  up  in  Lancashire,  where  a  preference  is 
^Evca  to  what  are  called  dash-wheels  and  squeezers.   The  dash  are  small  water-wheels, 
k     ^  inUe  of  which  is  divided  into  four  compartments,  and  closed  up,  leaving  only  a  hole 
%     ift  etch  eomputinent  for  patting  in  the  cloth. 
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There  are,  besideii,  dmallcr  openings  for  the  free  adminkm  and  9fnm  oftiie  water  »• 
ployed  in  cleanbin^.   The  clutb,  by  the  motion  of  the  wheel,  if  raised  np  in  one  put 


the  revniiiiii-n  of  the  wheel ;  while,  by  its  own  weight,  it  falls  in  another.  Thiikiidof 
motion  vti\  t  t:octii:il  in  uushing  the  cloth,  while,  at  the  same  time,  it  does  not  iqiR 
its  sin*ni:th.  Tl.c  pKm,  however,  where  economy  of  water  is  of  any  importance,  ii  voy 
object ionn bio ;  btTuu^e  the  wheel  must  move  at  by  far  too  great  a  velocity  to  act  to  dl- 
vantage  as  a  wnivr- wheel. 
The  wash  or  da<h- wheel,  now  driven  by  power  in  all  good  bleach  and  priit- 

works,  is  represented  is 

laa  n  n  fig-  129,  upon  the  left  afc 

in  a  back  view,  and  open 
the  right  side  in  a  frost 
view  (the  sketch  beisg 
halved).  Fig.  130  ii  > 
ground  plan. 

a  a  is  the  washing- wheel; 
6  6  its  shaft-ends  ;  c  c  tkeir 
brass  bearings  or  plamner- 
blocks,  supported  npoa  Ike 
iron  pillars  d  d.  The  fnne 
is  made  of  strong  beaiM  of 
wood,  e  #.  bound  together 
bv  cross  bars  with  Dortiief. 
/  /.  two  of  the  circahr 
apertures  ^^h  leading  Id 
a  qnaJraatal  comparUDCrt 
within  the  dash-wfaecL  Is 
:  half  vf  t!^r  r;^anr  the  braf^s  sratins  r  g.  of  a  cnrriliKsr 
1  vhioh  :h.o  jo:*  t  f  w:i:e?  trc  aisiiitci  into"  the  cavitT  of  the 

wheel :  k      axe  the  i 


the  K»*-K  X  ^ 


 — :  >  i_ 
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«f  tW  >lMu^     iW  Iwfc  w^iset>  w^  wit  Ml  *r 


mnces.  through  whidi  the 
foul  water  runs  oS,  as  eaeh 
qvairant  passes  the  lower 
part  of  its  revolntion ;  u  a 
wsier-pipe.  with  a  stop-eodc 
f.>r  mniuin<  the  washiag- 
re*j( .  the  lever  for  ihraw- 
iac  tse  dnvmc-crab  I,  or 
>-*?«p^i::r4vT«  into  or  oat 
.x' gear  wiU  the  shaft  cf  the 
Thb  mackiae  is  so 
r.-e$ci»csod.  thai  the  water- 
is  <«peBcd  or  ahat  by 
:^  mse  leveracc  whidi 
:h:vw»  the  wM  iHto  or 
m:  of  gear.       a  vMp 
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he  prime  morer.  When  the  end  of  the  lerer  fc,  whose  fork  emlmees  the  eonpUng- 
[Km  the  square  part  of  the  shaft,  is  pushed  forwards  or  backwards,  it  shifts  the  dutdi 
r  out  of  gear  with  the  toothed  wheel  m.  In  the  latter  case,  this  wheel  turns  with 
ion  without  affecting  the  dash-wheel,  n  n,  holdfasts  fixed  upon  the  wooden  frame, 
ieh  the  boards  o  o  are  attached,  for  preventing  the  water  from  being  thrown  about 
!  centrifugal  force. 

:  dash-wheel  is  generally  from  6  to  7  feet  in  diameter,  about  30  inches  wide,  and  re- 
the  power  of  ahout  two  horses  to  drive  it. 

m  one  to  two  pieces  of  calico  may  be  done  at  once  in  each  quadrantal  compartment, 
!  course  of  8  or  10  minutes ;  hence,  in  a  day  of  13  hours,  with  two  such  wheels 
liieces  of  yard-wide  goods  may  be  washed. 

nr  the  process  of  washing  by  the  dash-wheel,  the  water  is  expressed  ftom  the  doth 
ana  of  the  squeezers  already  described. 

itAtag  of  Linen. — Linen  contains  much  more  coloring  matter  than  cotton.  The 
r  loses  nearly  a  third  of  its  weight,  while  the  latter  loses  not  more  than  a  twentieth. 
Ibres  of  flax  possess,  in  the  natural  condition,  a  light  gray,  yellow,  or  blond  color. 
i  operation  of  rotting,  or,  as  it  is  commonly  called,  water-retting,  which  is  employed 
ble  the  textile  filaments  to  be  separated  from  the  boon,  or  woody  matter,  the  color 
es  darker,  and,  in  consequence  probably  of  the  putrefaction  of  the  green  matter  of 
Af  the  coloring  substance  appears.  Hence,  flax  prepared  without  rotting  is  much 
and  its  coloring  matter  may  be  in  a  great  measure  removed  by  washing  with 
Leavbg  the  fihiments  nearly  white.  Mr.  James  Lee  obtained  a  patent  in  1812,  as 
(  discovered  that  the  process  of  steeping  and  dew-retting  is  unnecessary,  and  that 
nd  hemp  will  not  only  dress,  but  wiU  produce  an  equal  if  not  greater  quantity  of 
Inrable  fibre,  when  cleaned  in  the  dry  way.  Mr.  Lee  stated  that,  when  hemp  or 
Unts  are  ripe,  the  farmer  has  nothing  more  to  do  than  to  pull,  spread,  and  dry 
in  the  sun,  and  then  to  break  them  by  proper  machinery.  This  promising  im- 
sent  has  apparently  come  to  naught,  having  been  many  years  abandoned  by  the 
ee  himself,  though  he  was  favored  with  a  special  act  of  parliament,  which  p^mit- 
e  specification  of  his  patent  to  remain  sesiled  up  for  seven  years,  contrary  to  the 
a  practice  in  such  cases. 

!  substance  which  gives  frtcepcd  flax  its  peculiar  tint  is  insoluble  in  boiling  water, 
Is,  and  in  alkalis ;  but  it  possesses  the  property  of  dissolving  in  caustic  or  carbonated 
le  leys,  when  it  has  possessed  the  means  of  dehydrogcnation  by  previous  exposure 
gen.  Hemp  is,  in  this  respect,  analogous  to  flax.  The  bleaching  of  both  depends 
this  action  of  oxygen,  and  upon  the  removal  of  the  acidified  dye,  by  means  of  an 
This  process  is  eflecied  erenerally  by  the  influence  of  air  in  combination  with 
ind  moisture  acting  on  the  linen  cloth  laid  upon  the  grass :  but  chlorine  will  effect 
ime  object  more  expeditiously.  In  no  case,  however,  is  it  possible  to  acidify  the 
mnpletely  at  once,  but  there  must  be  many  alternate  exposures  to  oxygen  or  chlo- 
Ad  alkali,  before  the  flax  becomes  white.  It  is  this  circumstance  alone  which  ren- 
It  bleaching  of  linen  an  apparently  complicated  business. 

ing  made  ihese  preliminary  observations  with  regard  to  the  method  of  applying  the 
te  leys  used  in  bleachin?  linen  cloth,  I  shall  now  bring  the  whole  into  one  point  of 
)f  detailing  the  connexion  of  these  processes,  as  carried  on  at  a  bleach-field,  which 
iibrmly  been  succes'iful  in  returning  the  cloth  of  a  good  white,  and  has  otherwise 
Rtisfaction  to  iLs  employers ;  and  I  shall  only  remark,  that  I  by  no  means  hold  it 
lie  best  process  which  may  be  employed,  as  every  experienced  bleacher  knows  that 
M  must  be  varied,  not  only  according  to  existing  circumstances,  but  also  according 
nalare  of  the  linens  operated  upon. 

nder  to  avoid  repetition,  where  washing  is  mentioned,  it  must  always  be  under- 
bftt  the  linen  is  taken  to  the  wash-stocks  or  dash-wheel,  and  washed  well  in  them 
le  hours.  This  port  of  the  work  can  never  be  overdone;  and  on  its  being  properly 
9d  between  every  part  of  the  bucking,  boil  in?,  steeping  in  the  chloride  of  lime 
B,  and  souring,  not  a  little  of  the  success  of  bleaching  depends.  By  exposure  is 
that  the  linen  cloth  is  taken  and  spread  upon  the  bleach-green  for  four,  six,  or 
mys,  according  as  the  routine  of  business  calls  for  the  return  of  the  doth,  in  order 
ergo  further  operations. 

ireel  of  goods  consists  of  360  pieces  of  those  linens  which  axe  called  Britannias. 
^eee  is  35  yards  long ;  and  they  weigh,  on  an  average,  10  lbs.  each  :  the  weight  of 
tied  i^,  in  consequence,  about  3600  lbs.  avoirdupois  weight.  The  linens  are  first 
d,  and  then  steeped  in  waste  alkaline  ley,  as  formerly  described  under  these  pro- 
;  they  then  undergo  the  following  operations : — 

1st,  Bucked  with  60  lbs.  pearl-ashes,  washed,  exposed  on  the  field. 
Ditto  80  ditto        ditto     ditto  ditto. 

8£    Ditto  90       potashes      ditto    ditto  ditto. 

«9  Ditto  80  ditto        ditto    ditto  ditto. 
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5Ui,  Bucked  with  80  lbs.  pearl-ashes,  washed,  exposed  on  the  field. 
6th,  Ditto  50  ditto        ditto      ditto  ditto. 

7th,  Ditto  70  ditto        ditto      ditto  ditto. 

8th,  Ditto  70  ditto        ditto      ditto  ditto. 

9th,  Soured  one  night  in  dilute  sulphuric  acid,  washed. 
lOlh,  Bucked  with  50  lbs.  pearl-ashes,  washed,  exposed  on  the  field. 
11th,  Immersed  in  the  chloride  of  potash  or  lime  12  hours. 
12th,  Boiled  with  30  lbs.  pearl-ashes,  washed,  exposed  on  the  field. 
13th,  Ditto         30  ditto        ditto      ditto  ditto. 

14th,  Soured,  washed. 
The  linens  are  then  taken  to  the  rubbing-board,  and  well  rubbed  with  a  strong  lathcf 
of  black  soap,  afler  which  they  are  well  washed  in  pure  spring  water.  At  this  period 
they  are  carefully  examined,  and  those  which  are  fully  bleached  are  laid  aside  to  be 
Uaed^  and  made  up  for  the  market;  while  those  which  are  not  fully  white  are  returned 
to  be  boiled,  and  steeped  in  the  chloride  of  lime  or  potash ;  then  soured,  nntO  they  are 
ftdly  white. 

By  the  above  process,  690  lbs.  weight  of  alkali  is  taken  to  bleach  360  pieces  of  lineo^ 
each  piece  consisting  of  35  yards  in  length ;  so  that  the  expenditure  of  alkali  would  be 
somewhat  less  than  2  lbs.  for  each  piece,  were  it  not  that  some  parts'of  the  linens  axe 
not  fnUy  whitened,  as  above  noted.  Two  pounds  of  alkali  may  therefore  be  stftted  as  the 
aTerage  quantity  employed  for  bleaching  each  piece  of  goods. 

The  method  of  bleaching  linens  in  Ireland  is  similar  to  the  foregoing ;  any  alteraticm  in 
the  process  depending  upon  the  judgment  of  the  bleacher  in  increasing  or  diminishing  the 
quantity  of  alkali  ufted.  But  it  is  common,  at  most  blcach-fieMs,  to  steep  the  linens  in  the 
chloride  of  lime  or  potash  at  an  early  stnsre  of  the  process,  or  after  the  goods  have  under- 
gone the  fiflh  or  sixth  operation  of  bucking.  By  this  means  those  parts  of  the  flax  whi^ 
are  most  diflicnlt  to  bleach  are  more  easily  acted  upon  by  the  alkali ;  and,  as  before  noticed, 
souring  early  in  very  dilute  sulphuric  acid,  assists  greatly  in  forwarding  the  whitening  of 
the  linens.  Mr.  Grimshaw,  calico-printer,  near  Belfast,  was  the  first  who  recommended 
early  souring,  which  has  since  been  very  generally  adopted. 

The  bleaching  of  Silk — Silk  in  its  raw  stale,  as  spun  by  the  worm,  is  either  white  or 
yellow  of  various  shades,  and  is  covered  with  a  varnish,  which  gives  it  stiffness  and  a 
degree  of  elasticity.  For  the  greater  number  of  purposes  to  which  silk  is  applied,  it 
must  be  deprived  of  this  native  covering,  which  was  long  con^dered  to  be  a  sort  of  gum. 
The  operation  by  which  this  coloring  matter  is  removed  is  calknl  scouring,  cleansing,, 
or  boiling.  A  great  many  difl'erent  processes  have  been  proposeii  for  frcein?  the  i "~ 
fibres  from  all  foreiijn  impurities,  and  for  giving  it  the  utmost  whiteness,  lustre, 
pliancy;  but  none  of  the  new  plans  has  superseded,  with  nny  advantage,  the  one  pi 
tised  of  old,  which  consists  essentially  in  steeping  the  silk  in  a  warm  solution  of  soap;  i^^^^ 
circumstance  placed  beyond  all  doubt  by  the  interesting  experiments  of  M.  Roud_  — 
The  alkalis,  or  alkaline  salts,  act  in  a  marked  manner  upon  the  varnish  of  silk^and  effecV^  ^ 
its  complete  solution ;  the  prolonged  agency  of  boiling  water,  alone  answers  the  i 

purpose;  but  nothing  agrees  so  well  with  the  nature  of  silk,  and  preserves  its  brilli  ^ 

and  suppleness  so  perfectly,  as  a  rapid  boil  with  soap-water.    It  would  appear,  however' 
that  the  Chinese  do  not  employ  this  method.,  but  something  that  is  preferable.  Vjohtkk^^^ 
the  superior  beauty  of  their  white  silk  may  be  owing  to  the  superiority  of  the  raw  i 
terial. 

The  most  ancient  method  of  scouring  silk  consists  of  three  operations.    For  the  1 
or  the  ungumming,  thirty  per  cent,  of  soap  is  first  of  all  dissolved  in  clean  river  water  1 
a  bofling  heat;  then  the  temperature  is  lowered  by  the  addition  of  a  little  cold  wate^^"' 
by  withdrawing  the  fire,  or  at  least  by  damping  it.   The  hanks  of  silk,  suspend^?^ 
upon  horizontal  poles  over  the  boiler,  arc  now  plunged  into  the  soapy  solution^  kept 
a  heat  somewhat  under  ebullition,  which  is  an  essential  point;  for  if  hotter,  the  mi^W 
would  attack  the  substance  of  the  silk,  and  not  only  dissolve  a  portwn  of  it,  but  deprr^^ 
the  whole  of  its  lustre.   The  portions  of  the  hanks  plunged  in  the  bath  get  sconrod  Ibf 
degrees ;  the  varnish  and  the  coloring  matter  come  away,  and  the  silk  assumes  its  pmpet 
wMteness  and  pliancy.  WTienever  this  point  is  attained,  the  hanks  are  turned  round  upo» 
the  poles,  so  that  the  portion  formerly  in  the  air  may  be  also  subjected  to  the  bath.  Ai 
soon  as  the  whole  is  completely  ungummed,  they  are  taken  out,  wrung  by  the  peg,  aisf 
shaken  out ;  aAer  which,  the  next  step,  called  the  boil,  is  commenced.  Into  bags  of  coane 
canvass,  called  pockets,  about  25  lbs.  or  35  lbs.  of  ungummed  silk  are  enclosed,  and  pot 
into  a  similar  bath  with  the  preceding,  but  with  a  smaller  proportion  of  soap,  which  iniy 
therefore  be  raised  to  the  boiling  point  without  any  danger  of  destroying  the  silk.  He 
ebullition  is  to  be  kept  up  for  an  hour  and  a  half,  during  which  time  the  bags  must  be 
ftequently  stirred,  lest  those  near  the  bottom  should  suffer  an  undue  degree  of  heat.  Tht 
siDc  experiences  in  these  two  operations  a  loss  of  about  25  per  cent,  of  its  weight. 

The  third  and  last  scouring  operation  is  intended  to  give  the  silk  a  dight  tinge,  whkh 
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rnidera  the  white  more  agreeable,  and  better  adapted  to  its  various  uses  in  trade.  In 
this  way  we  distinguish  the  China  white,  which  has  a  faint  cast  of  red,  the  silver  white, 
the  azure  white,  and  the  thread  white.  To  produce  these  different  shades,  we  begin  by 
preparing  a  soap-water  so  strong  as  to  lather  by  agitation ;  we  then  add  to  it,  for  the 
China  white,  a  little  annotto,  mixing  it  carefully  in ;  and  then  passing  the  silk  properly 
through  it,  till  it  has  acquired  the  wished  for  lint.  As  to  the  other  shades,  we  need  only 
cuEure  them  more  or  less  with  a  fine  indigo,  which  has  been  previously  washed  several 
times  in  hot  water,  and  reduced  to  powder  in  a  mortar.  It  is  then  diffused  through 
boilin?  water,  allowed  to  settle  for  a  few  minutes,  and  the  supernatant  liquid,  which 
contains  only  the  finer  particles,  is  added  to  the  soap  bath  in  such  proportion  as  may  be 
requisite.  The  silk,  on  being  taken  out  of  this  bath,  must  be  wrung  well,  and  stretched 
upon  perches  to  dry;  after  which  it  is  introduced  into  the  sulphuring  chamber,  if  it  is 
to  be  made  use  of  in  the  white  state.  At  Lyons,  however,  no  soap  is  employed  at  the 
third  operation :  aAer  the  boil,  the  silk  is  washed,  sulphured,  and  azured,  by  passing 
through  very  clear  river  water  properly  blued. 

The  silks  intended  for  the  manufacture  of  blonds  and  gauzes  are  not  subjected  to  the 
ordinary  scouring  process,  because  it  is  essential,  in  these  cases,  fur  them  to  preserve  their 
natural  stiffness.  We  must  therefore  select  the  raw  silk  of  China,  or  the  whitest  raw 
silks  of  other  countries ;  steep  them,  rinse  them  in  a  bath  of  pure  water,  or  in  one  con- 
taining a  litile  soap;  wring  them,  expose  them  to  the  vapor  of  sulphur,  and  then  pass 
Chem  throngh  ihe  azure  water.    Sometimes  this  process  is  repeated. 

Before  the  memoir  of  M.  Roard  appeared,  extremely  vague  ideas  were  entertained 
mbout  the  composition  of  the  nati\'e  varnkih  of  silk.  He  has  shown  that  this  substance, 
mo  far  from  being  of  a  gummy  nature,  as  had  been  believed,  may  be  rather  compared  to 
Isees*  wax,  with  a  species  of  oil,  and  a  coloring  matter,  which  exists  only  in  raw  silks. 
'Mi  is  contained  in  them  to  the  amount  of  from  23  to  2-1  \yeT  cent.,  and  forms  the  portion 
«f  weight  which  is  lost  in  the  ungumming.  It  possesses,  however,  some  of  the  properties 
•<3f  vegetable  gnm»,  though  it  differs  essentially  as  to  others.  In  a  dry  mass,  it  is  friable 
And  has  a  \itreou$  fracture;  it  is  soluble  in  water,  and  affords  a  solution  which  lathers 
Rike  soap;  but  when  thrown  upon  burning  coals,  it  does  not  soften  like  gum,  but  bnms 
"With  the  exhalation  of  a  fetid  odor.  Its  solution,  when  left  exposed  to  the  open  air,  at 
first  of  a  golden  yelh)w,  'lecomes  soon  greenish,  and  ere  long  putrefies,  as  a  solution  of 
animal  matter  wuuld  do  ' n  similar  circumstances.  M.  Roard  assures  us  that  the  city  of 
X.yons  alone  cotild  furnish  several  thousand  quintals  of  this  substance  per  annum,  were  it 
mppUcable  to  any  useful  purpose. 

The  yellow  varnish  is  of  a  resinous  nature,  altogether  insoluble  in  water,  very  soluble 
mjk  alcohol,  and  contains  a  little  volatile  oil,  which  gives  it  a  rank  smell.  The  color  of 
^his  resin  is  easily  dissipated,  either  by  exposure  to  the  sun  or  by  the  action  of  chlorine : 
at  forms  about  one  fifiy-fiflh  of  its  weight. 

Bees'  wax  exists  also  in  all  the  sorts  of  silk,  even  in  that  of  China ;  but  the  whiter  the 
filaments,  the  less  wax  do  they  contain. 

M.  Roard  has  observed  that,  if  the  silk  be  exposed  to  the  soap  baths  for  sometime  after 
it  has  been  stripped  of  its  foreign  matters,  it  begins  to  lose  body,  and  has  its  valuable 
qualities  impaiied.    It  becomes  dull,  stiif,  and  colored  in  consequence  of  the  solution 
more  or  less  considerable  of  its  substance ;  a  solution  which  takes  place  in  all  liquids, 
and  even  in  boiling  water.    It  is  for  this  reason  that  silks  cannot  be  alumcd  with  heat; 
and  that  they  lose  some  of  their  lustre  in  being  dyed  brown,  a  color  which  requires  a 
boiling  hot  bath.   The  best  mode,  therefore,  of  avoiding  these  inconveniences,  is  to  boil 
Ihe  silks  in  the  S'^ap-bath  no  longer  than  is  absolutely  necessary  for  the  scouring  process, 
and  to  expose  them  in  the  various  dyeing  operations  to  as  moderate  temperature  as  may 
be  requisite  to  communicate  the  color.    When  silks  are  to  be  dyed,  much  less  soap 
ibnM  be  used  in  the  cleansing,  and  very  little  fur  the  dark  colors.    According  to  M. 
Roard,  raw  silks,  white  or  yellow,  may  be  completely  scoured  in  one  hour,  with  15  lbs. 
of  water  for  one  of  silk,  and  a  suitable  proportion  of  soap.  ^The  soap  and  the  silk  should 
be  put  into  the  bath  half  an  hour  before  its  ebullition,  fnd  the  latter  should  be  turned 
iboai  frequently.    The  dull  silks,  in  which  the  varnish  has  olready  undergone  some  al- 
teration, never  acqtiirc  a  fine  white  until  they  are  exposed  to  sulphureous  acid  gas.  Ex- 
[     posare  lo  light  has  al«o  a  very  good  effect  in  whitening  silks,  and  is  had  recourse  to,  it  is 
I     tsid,  with  advantage  by  the  Chinese. 

[        Carbonate  of  swia  has  been  proposed  to  be  used  instead  of  soap  in  scouring  silk, 
1     Vit  it  has  never  come  into  use.    The  Ahb"  Collomb,  in  1785,  scoure<l  silk  by  eight 
'      knnrs'  boiling  in  simple  water,  and  he  found  the  silks  bleached  in  this  wny  to  be 
rtr(m2cr  than  by  soap,  but  they  are  not  nearly  so  white.    A  patent  has  been  taken  out 
'«  England  for  bleaching  them  by  steam,  of  whicii  an  account  will  be  found  under  the 
•rticle  Siijr. 

htppears  that  the  Chinese  do  not  use  soap  in  producini?  those  fine  white  silks  which 
^  imported  into  Europe.    Michel  de  Grubbens,  who  resided  long  at  Canton,  saw  and 
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juractiseil  himself  the  operation  there,  which  he  published  in  the  Memoirs  of  the 
Academy  of  Stockholm  in  1803.  It  consists  in  preparing  the  silk  with  a  species  of 
white  beans,  smaller  than  the  Turkey  beans,  with  some  wheat  flour,  common  salt,  and 
water.  The  proportions  are  5  parts  of  beans,  5  of  salt,  6  of  flour,  and  25  of  water,  to 
form  this  vegetable  bath.  The  beans  must  be  previously  washed.  It  is  difficult  to  djs> 
cover  wliat  chemical  action  can  occur  between  that  decoction  and  the  varnish  of  raw 
silk ;  possibly  some  acid  may  be  developed,  which  may  soften  the  gummy  matter^  aad 
facilitate  its  separation. 

Baume  contrived  a  process  which  does  not  appear  to  have  received  the  sanction  of 
experience,  but  which  may  put  us  in  the  right  way.  He  macerates  the  yellow  raw  ulk 
in  a  mixture  of  alcohol  at  36°  (sp.  gr.  0837)  and  one  thirty-second  part  of  pure  maiiatie 
acid.  At  the  end  of  forty-eight  hours,  it  is  as  white  as  possible,  and  the  more  so,  the 
better  the  quality  of  the  silk.  The  loss  which  it  suflfers  in  this  menstruum  is  only  one 
fortieth ;  showing  that  nothing  but  the  coloring  matter  is  abstracted.  The  expense  of 
this  menstruum  is  the  great  obstacle  to  Banmc's  process.  The  alcohol,  however,  might 
be  in  a  very  great  measure  recovered,  by  saturating  the  add  with  chalk,  and  re- 
distillation. 

Bleaching  of  Wool, — Wool,  like  the  preceding  fibrous  matter,  is  covered  with  a  pe- 
culiar varnish,  which  impairs  its  qualities,  and  prevents  it  from  being  employed  in  the 
raw  state  for  the  purposes  to  which  it  is  well  adapted  when  it  is  sconred.  The  Engliih 
give  the  name  yolk,  and  the  French  suint,  to  that  native  coat :  it  is  a  fatty  unctuous  mat- 
ter, of  a  strong  smell,  which  apparently  has  its  chief  origin  in  the  cutaneous  perspiratioD 
of  the  sheep ;  but  which,  by  the  agency  of  external  bodies,  may  have  undergone  some 
changes  which  modify  its  constitution.  It  results  from  the  experiments  of  M.  Vauque- 
lin,  that  the  yolk  is  composed  of  several  substances ;  namely,  1,  a  soap  with  basis  of 
potash,  which  constitutes  the  greater  part  of  it;  2,  of  a  notable  quantity  of  acetate  of 
potash  ;  3,  of  a  small  quantity  of  carbonate,  and  a  trace  of  muriate,  of  potash ;  4,  of  a 
little  lime  in  an  unknown  state  of  combination;  5,  of  a  species  of  sclMiceous  matter, 
and  an  animal  substance  to  which  the  odor  is  due.  There  are  several  other  accidental 
matters  present  on  shceps'  wool. 

The  proportion  of  yolk  is  variable  in  different  kinds  of  wool,  but  in  general  it  is  more 
abundant  the  finer  the  staple ;  the  loss  by  scouring  being  45  per  cent,  for  the  finest  wools, 
and  35  per  cent,  for  the  conrsc. 

The  yolk,  on  account  of  its  soapy  nature,  dissolves  readily  in  water,  with  the  ex- 
ception of  a  little  free  fatty  matter,  which  easily  separates  from  the  filaments,  and  re- 
mains floatini;  in  the  liquor.  It  would  thence  appear  sufficient  to  expose  the  wools  to 
simple  washin?  in  a  stream  of  water ;  yet  experience  shows  that  this  method  never  an- 
swers so  well  as  that  usually  adopted,  which  consists  in  steeping  the  wool  for  some  time 
in  simple  warm  water,  or  in  warm  water  mixed  with  a  fourth  of  stale  urine.  From  15 
to  20  minutes  of  contact  are  sufficient  in  this  case,  if  we  heat  the  bath  as  warm  as  the 
hand  can  bcnr  it,  and  stir  it  well  with  a  rod.  At  the  end  of  this  time  the  wool  may  be 
taken  out,  set  to  drain,  then  placed  in  large  baskets,  in  order  to  be  completely  rinsed  in 
a  stream  of  water. 

It  is  generally  supposed  that  putrid  urine  acts  on  the  wool  by  the  ammonia  which  it 
contains,  and  that  this  ser\'rs  to  saponify  the  remainder  of  the  fatty  matter  not  combined 
with  the  potash.  M.  Vauquelin  is  not  of  this  opinion,  because  he  found  that  wool  steeped 
in  water,  with  sal  ammoniac  and  quick  lime,  is  not  better  scoured  than  an  equal  qnantKy 
of  W(yo\  treated  with  mere  water.  He  was  hence  led  to  conclude  that  the  good  efleets  of 
putrefied  urine  might  be  ascribed  to  anything  else  be.^idcs  the  ammonia,  and  probably  to 
the  urea.  Fresh  urine  contains  a  free  acid,  which,  by  decomposing  the  potash  soap  of 
the  yolk,  counteracts  the  scouring  operation. 

If  wools  are  better  scoured  in  a  small  quantity  of  water  thon  in  a  great  stream,  we 
can  conceive  that  this  circumstance  must  depend  upon  the  nature  of  the  yolk,  which,  in 
a  concentrated  solution,  acts  like  a  saponaceous  compound,  and  thus  contributes  to  re- 
move the  free  fatty  particles  which  adhere  to  the  filaments.  It  should  also  be  observed 
iiMi  too  long  a  continuance  of  the  wool  in  the  yolk  water,  hurts  its  quality  very  much, 
by  weakening  its  cohesion,  causing  the  filaments  to  swell,  and  even  to  split.  It  is  said 
then  to  have  lost  its  nerre.  Another  circumstance  in  the  scouring  of  wool,  that  should 
always  be  attended  to,  is  never  to  work  the  filaments  together  to  such  a  degree  as  to  oc- 
casion their  feltinc ;  but  in  agitating  we  must  merely  push  them  slowly  round  in  the 
vessel,  or  press  them  gently  under  the  feet.  Were  it  at  all  felted,  it  would  neither  caid 
nor  spin  well 

As  the  heat  of  boiling  water  is  apt  to  decompose  woollen  fibres,  we  should  be  eareAil 
never  to  raise  the  temperature  of  the  scouring  bath  to  near  this  point,  nor,  in  fact  to  ex- 
ceed 14(P  F.  Some  authors  recommend  the  use  of  alkaline  or  soapy  baths  for  •courimr 
wool,  but  practical  people  do  notdeviate  from  the  method  above  described. 

When  the  washing  is  eompkled,  aU  the  wool  which  is  to  be  sent  while  into  the  mar- 
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ket,  mnst  be  exposed  to  the  action  of  salphuroos  acid,  either  in  a  liquid  or  a  gaaeow 
stale.  In  the  latter  case,  sulphur  is  burned  in  a  dose  chamber,  in  which  the  wools  are 
hong  up  or  spread  out;  in  the  former,  the  wools  are  plunged  into  water,  moderately 
imprejaated  with  the  acid.  (See  Sl-lphuring.)  Exposure  on  the  grass  maj  also  con- 
tribute to  the  bleaching  of  wool.  Some  fraudulent  dealers  are  accused  of  dipping  woob 
in  butter-milk,  or  chalk  and  water,  in  order  to  whiten  them  and  increase  their  weight. 

Wool  is  sometimes  whitened  in  the  fleece,  and  sometimes  in  the  state  of  yarn ;  the 
latter  affordia?  the  best  means  of  opcraiing.  It  has  been  observed  that  the  wool  cot 
(nun  certain  parts  of  the  sheep,  especially  from  the  groins,  never  bleaches  welL 

AAer  sulphuring,  the  wool  has  a  harsh  crispy  feel,  which  may  be  removed  by  a  weak 
soap  bath.  To  this  also  the  wool  comber  has  recourse  when  he  wishes  to  cleanse  and 
whiten  his  wools  to  the  utmost.  He  generally  uses  a  soil  or  potash  soap,  and  after  the 
wool  is  well  soaked  in  the  warm  soap  bath,  with  gentle  pressure  he  wrings  it  well  widi 
the  help  of  a  hook,  fixed  at  the  end  of  his  washing  tub,  and  hangs  it  up  to  dry. 

BUciehing  of  rag»,  arui  paste  for  paper  inaking,  —  After  the  rags  are  reduced  to  what  ii 
called  half  stuff,  they  should  have  the  greater  part  of  the  floating;  water  run  off,  leaving 
just  enough  to  form  a  stir-about  mass.  Into  this  a  clear  solution  of  chloride  of  lime 
aliould  be  poured,  of  such  a  strength  as  is  suited  to  the  color  of  the  racrs,  which  should 
hare  been  previously  sorted;  and  the  engine  is  kept  going  si)  as  to  churn  the  ragi 
with  the  bleaching  agent.  After  an  hour,  the  water  may  be  returned  upon  the  engine, 
ud  the  washing  of  the  paper  resumed.  From  two  to  four  pounds  of  good  chloride  of 
lime  are  reckoned  sufFicieut  to  bleach  one  hundred  weight  of  rairs. 

When  the  rags  consist  of  dywl  or  printed  cottons,  aflcr  being  well  washed  and  fe- 
4ueed  to  half  stuff,  they  should  be  put  into  a  large  cask  or  butt,  supported  horizontally 
l»y  iron  ailes  upon  cradle  bearini^s,  so  that  it  may  be  made  to  revolve  like  a  barrel- 
chnra.  For  each  hundred  weight  of  the  colored  rags,  take  a  solution  containing  from 
Cbur  to  eight  poun<Js  of  chloriJe  of  lime;  add  it  to  the  liquid  mixture  in  the  butt  along 
-^itb  half  a  puun  l  of  sulphuric  acid  for  every  pound  of  the  chlori  ie;  and  ader  inserting 
Che  bung,  or  rather  the  square  vulve,  set  the  vessel  in  slow  revolution  backwards  and  for- 
-wrards.  In  a  short  time  the  rags  will  be  colorless.  The  rags  and  paper  paste  ought 
Co  be  very  well  washed,  to  expel  all  the  chlorine,  and  perhaps  a  little  muriatic  acid 
night  be  used  with  advantage  to  dissolve  out  all  the  calcareous  matter,  a  portion  of 
"^hich  is  apt  to  remain  in  the  paper,  and  to  operate  injuriously  upon  both  the  pens  and 
die  ink.  Some  of  the  French  paper  manufacturers  bleach  tlie  paste  with  chlorine  gas. 
S*aper  prepare.!  from  such  paste,  well  washed,  is  not  apt  to  give  a  brown  tint  to  maps,  as 
Chat  carelessly  bleached  with  chloride  of  lime  is  known  to  do. 

BLEN'DK.  (Fr.  and  Germ,)  Sulphuret  of  zinc,  so  named  from  the  German  fr^enden, 
Co  dazzle,  on  account  of  its  glistening  aspect.  It  is  called  black  jack  from  its  usual 
^olor.  Its  lustre  is  pearly  adamantine.  Spec.  i;ravity  from  3-7  to  4*2.  It  contains 
frequently  iron,  copper,  arsenic,  cadmium,  and  silver,  all  associated  with  sulphur.  It  is 
"^iked  up  partly  into  metallic  zinc,  and  partly  into  the  sulphate  of  zinc,  or  white  vitriol. 
It  consists  of  6ti' 72  zinc,  and  33*28  sulphur ;  being  nearly  by  weight  as  two  to  one. 
See  Zinc. 

BLOCK  MANUFACTURK.  Though  the  making  of  ships'  blocks  belongs  rather 
to  a  dictionary  of  ens^ineering  than  of  manufactures,  it  may  be  expected  that  I  should 
give  tome  account  of  the  automatic  machinery  for  making  blocks  so  admirably  devised 
and  aonnted  by  M.  L  Brunei,  Esq.  for  the  British  navy,  in  the  dock-yard  of  Portsmouth. 

The  series  of  machines  and  operations  are  as  fallows :  — 

1.  The  straight  cross-cutting  saw. — The  log  is  placed  horizontally  on  a  very  low  bench, 
which  is  continued  through  the  window  of  the  mill  into  the  yard.  The  saw  is  exactly 
over  the  place  where  the  log  is  to  be  divided.  It  is  let  down,  and  suffered  to  rest  with 
its  teeth  upon  the  log,  the  back  still  being  in  the  cleA  of  the  guide.  The  crank  being 
set  in  motion,  the  saw  reciprocates  backwards  and  forwards  with  exactly  the  same  motion 
u  if  worked  by  a  carpenter,  and  quickly  cuts  through  the  tree.  When  it  first  begins  to 
cvt,  its  baek  is  in  the  cleft  in  the  guide,  and  this  causes  it  to  move  in  a  straight  line ; 
hat  before  it  gets  out  of  the  guide,  it  is  so  deep  in  the  wood  ns  to  guide  itself:  for  in 
catting  across  the  grain  of  the  wood,  it  has  no  tendency  to  be  diverted  from  its  true  line 
Vf  the  irregular  grain.  When  the  saw  has  descended  through  the  tree,  its  handle  is 
CBoght  in  a  fixed  stop,  to  prevent  its  cutting  the  bench.  The  machine  is  thrown  out  of 
fetr,  the  attendant  lifts  up  the  saw  by  a  rope,  removes  the  block  cut  off,  and  advances 
tke  tree  to  receive  a  fresh  cut. 

1  The  circular  cro^s-cultins;  saw, — This  saw  possesses  universal  motion;  but  the  axil 
ii  always  parallel  to  itself,  and  the  saw  in  the  same  plane.  It  can  be  readily  raised  or 
kvered,  by  inclining  the  upper  frame  on  its  axis ;  and  to  move  it  sidewise,  the  saw  frame 
nia  swing  sidewi'^e  on  its  joints,  which  connect  it  with  the  upper  frame.  These  movo- 
ncits  are  effected  by  two  winches,  each  furnished  with  a  pair  of  equal  pinions,  working 
&  pih  of  racks  fixed  upon  two  long  poles.   The  spindles  of  these  winches  are  fixed  in  two 
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vertical  posts,  which  support  the  axis  of  the  upper  frame.  One  of  these  pahv  of  poles  ii 
jointed  to  the  extreme  end  of  the  upper  frame ;  therefore  by  turning  the  handle  be]oB|* 
ing  to  them,  the  frame  and  saw  is  elevated  or  depressed  ;  in  like  manner,  the  other  ptir 
is  attached  to  the  lower  part  of  the  saw  frame,  so  that  the  saw  can  be  moTcd  sidewise  ^ 
means  of  their  handles,  which  then  swing  the  saw  from  its  vertical  position. 

These  two  handles  give  the  attendant  a  complete  command  of  the  saw,  whieh  we 
inppose  to  be  in  rapid  motion,  the  tree  being  brought  forward  and  properly  fixed.  Bf 
me  handle,  he  draws  the  saw  against  one  side  of  the  tree,  which  is  thus  eat  into  (pcsfhspi 
half  through) ;  now,  by  the  other  handle,  he  raises  the  saw  up,  and  by  the  first-mentloari 
handle  he  draws  it  across  the  top  of  the  tree,  and  cuts  it  half  through  from  the  upper 
side  ;  he  then  depresses  the  saw  and  cuts  half  through  from  the  next  side ;  and  lastlj  a 
trifling  cut  of  the  saw,  at  the  lower  side,  completely  divides  the  tree,  whidi  is  then  sd- 
mnced  to  take  another  cut. 

The  great  reciprocating  taio  is  on  the  same  principle  as  the  saw-mill  in  common  vte  in 
America. 

3.  The  circular  ripping  saw  is  a  thin  circular  plate  of  steel,  with  teeth  similar  to  thoR; 
of  a  pit  saw,  formed  in  its  periphery.  It  is  fixed  (o  a  spindle  placed  horizontally,  at  • 
small  distance  beneath  the  surface  of  a  bench  or  table,  so  that^the  saw  projects  tbroogii 
a  crevice  a  few  inches  above  the  bench.  The  spindle,  being  supported  in  proper  eoUsn^ 
has  a  rapid  rotatory  motion  communicated  to  it  by  a  pulley  on  the  opposite  end,  ronai 
which  an  endless  strap  is  passed  from  a  drum  placed  overhead  in  the  mill.  The  block 
cut  by  the  preceding  machine,  from  the  end  of  the  tree,  is  placed  with  one  of  the  sides 
fiat  upon  the  bench,  and  thus  slides  forward  against  the  revolving  saw,  which  cuts  the 
wood  with  a  rapidity  incredible  to  any  one  who  has  not  seen  these  or  similar  machines. 

4.  Boring  machine. — The  blocks,  prepared  by  the  foregoing  saws,  are  placed  in  the 
machine  represented  in  Jig,  131.   This  machine  has  an  iron  frame,  a  a,  with  three  legi, 

131 


beneath  which  the  block  is  introduced,  and  the  screw  near  b  being  forced  down  upon  it, 
confines  it  precisely  in  the  proper  spot  to  receive  the  borers  d  and  e.  This  spot  is  d». 
termined  by  a  piece  of  metal  fixed  perpendicularly  just  beneath  the  point  of  the  borer 
dmwn  separately  on  the  ground  at  x ;  this  piece  of  metal  adjusts  the  position  for  the 
borer  d,  and  its  height  is  regulated  by  resting  on  the  head  of  the  screw  x,  which  fastens 
the  piece  x  down  to  the  frame.  The  sides  of  the  block  are  kept  in  a  parallel  position,  by 
being  applied  against  the  heads  of  three  screws  tapped  into  the  double  leg  of  the  frame 
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A.  The  borer  d  is  adapted  to  bore  the  ho]e  for  the  centre  pin  in  a  direction  exactly  per- 
peodknlar  to  the  surface  resting  against  the  three  screws ;  the  other,  at  e,  perforates  the 
Iwles  for  the  commencement  of  the  sheave  holes.   Both  borers  arc  constructed  in  nearly 
lie  nme  manner ;  they  are  screwed  upon  the  ends  of  small  mandrels,  mounted  in  frames 
nmilar  to  a  lathe.   These  frames,  o  and  h,  are  fitted  with  sliders  upon  the  angular  edges 
if  the  flat  broad  bars,  i  and  k.   The  former  of  these  is  screwed  fast  to  the  frame;  the 
kitcr  is  fixed  upon  a  frame  of  its  own,  moving  on  the  centre  screws,  at  l  l,  beneath  the 
^eipal  frame  of  the  machine.    By  this  means  the  borer  k  can  be  moved  within  certain 
lints,  so  as  to  bore  holes  in  different  positions.   These  limits  are  determined  by  two 
Krews,  one  of  which  is  seen  at  a ;  the  other,  being  on  the  opposite  side,  is  invisible.  They 
tre  tapped  through  fixed  pieces  projecting  up  from  the  frame.    A  projecting  piece  of 
Mtal,  from  the  under  side  of  the  slider  k  of  the  borer  e,  stops  against  the  ends  of  these 
Nrrws,  to  limit  the  excursion  of  the  borer.    The  frames  for  both  borers  are  brought  up 
Imnb  the  block  by  means  of  levers  m  and  s.   These  are  centred  on  a  pin,  at  the  op- 
podte  sides  of  the  frame  of  the  machine,  and  have  oblong  grooves  through  them,  which 
Rcrive  screw  pins,  fixed  into  the  frames  o  and  h,  beneath  the  pulleys  p  p,  which  give 
■otioo  to  the  spindles. 

&.  Tke  mortising  machine  is  a  beautiful  piece  of  mechanism,  but  too  complicated  for 
faeription  within  the  limits  prescribed  to  this  article. 

6.  Tkt  comer  saw,  fig.  132,  consists  of  a  mandrel,  mounted  in  a  frame  a,  and  carry- 
k%  a  circular  saw  l  upon  the  extreme  end  of  it.  This  mandrel  and  its  frame  being 
enctlj  similar  to  those  at  g  and  h,  fig,  131,  does  not  require  a  separate  view,  although 
itii  hid  behind  the  saw,  except  the  end  of  the  screw,  marked  a.  This  frame  is  screwed 
ismn  opon  the  frame  b  b  of  the  machine,  which  is  supported  upon  four  columns,  c  c, 
B  D,  is  an  inclined  bench,  or  a  kind  of  trough,  in  which  a  block  is  laid,  as  at  £,  being 
fipported  on  its  edge  by  the  plane  c  c  of  this  l>ench,  and  its  end  kept  up  to  its  position 
^  the  other  part  of  the  bench  d  d. 

Bt  rikling  the  block  along  this  bench,  it  is  applied  to  the  saw,  which  cuts  off  its 
udrf,  as  in  evident  from  the  figure,  and  prepares  it  for  the  shaping  engine.  All  the 
fiw  angles  are  cut  off  in  succession,  by  applying  its  different  sides  to  the  trough,  or 
bneh.  In  the  fisure,  two  of  them  are  drawn  as  being  cut,  and  the  third  is  just  marked 
by  the  saw.  This  machine  is  readily  adapted  to  different  ^izes  of  blocks,  by  the  simple 
npcdteat  of  laying  pieces  of  wood  of  different  thickness  asninst  the  plane  d  d,  so  as  to 
fill  it  up,  and  keep  the  block  nearer  to  or  farther  from  the  saw ;  for  all  the  blocks  are 
'  to  be  cut  at  the  same  angle,  though,  of  course,  a  larger  piece  is  to  be  cut 

from  large  than  from  small  blocks.  The 
block  reduced  to  the  state  of  k  is  now 
taken  to 

7.  The  shaping  machine, — A  great 
deal  of  the  apparent  complication  of  this 
figure  arises  from  the  iron  cage,  which 
is  provided  to  defend  the  workmen,  lest 
the  blocks,  which  are  revolving  in  the 
circles,  or  chuck,  with  an  immense 
velocity,  should  be  loosened  by  the  ac- 
tion of  the  tool,  and  fly  out  by  their 
centrifugal  force.  Without  this  provi- 
sion, the  consequences  of  such  an  acci- 
dent would  be  dreadful,  as  the  blocks 
would  be  projected  in  all  directions,  with 
an  inconceivable  force. 

8.  The  scoring  engine  receives  two 
blocks,  as  they  come  from  the  shaping 
eneine,  and  forms  the  groove  rouna 
their  longest  diameters  for  the  reception 
of  their  ropes  or  straps,  as  represented 
in  the  two  snatch  blocks  and  double 
block,  under  figs,  131,  132. 

A>  B,  fig,  133,  represent  t)ie  abort 
two  blocks,  each  held  between  two  small 
pillars  a  (the  other  pillar  is  hid  behind 
the  block),  fixed  in  a  strong  plate  d,  and 
pressed  against  the  pillars  by  a  screw  ^ 
which  acts  on  a  clamp  d.  Over  the 
blocks  a  pair  of  circular  planes  or  eot- 
tai^i  are  sitoated,  both  being  fixed  on  the  same  spindle,  which  is  turned  by  a  pnllfy 
^  the  oiiddle  of  it.    The  spindle  is  fitted  in  a  (hune  r  r,  moving  in  centres  at  « so 
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ai  to  rise  and  fall  when  looved  by  a  handle/.  This  bringf  the  eotten  down  apn  thi 
Uocks ;  and  the  depth  to  which  they  can  cat  is  regulated  by  a  curved  shape  g,  find  bf 
screws  upon  the  plate  d,  between  the  blocks.  Upon  this  rests  a  cnnred  pieee  of  isdsi 
hf  fixed  to  the  frame  f,  and  enclosinj^,  but  not  touching,  the  pulley.  To  admit  the  cafc- 
ters  to  traverse  ihe  whole  length  of  the  blocks,  the  plate  d  (or  rather  a  frame  beneath 
it)  is  sustained  between  the  points  of  two  centres.  Screws  are  seen  at  /,  on  these  cen- 
tres. The  frame  inclines  when  the  handle  l  is  depressed.  At  m  is  a  lever,  with  a  weight 
at  the  end  of  it,  counterbalancing  the  weight  of  the  blocks,  and  plate  d,  all  which  are 
above  the  centre  on  which  they  move.  The  frame  f  is  also  provided  with  a  eounterpoise 
Co  balance  the  cutters,  Uc,  The  cutters  k  r  are  circular  wheels  of  brass,  with  round 
edges.  Each  has  two  notches  in  its  circumference,  at  opposite  sides ;  and  in  these  nocehes 
chisels  are  fixed  by  screws,  to  project  beyond  the  rim  of  the  wheel,  in  the  manner  of  a 
plane  iron  before  its  face. 

This  machine  is  used  as  follows : — In  order  to  fix  the  block,  it  is  pressed  betweea 
the  two  pins  (only  one  of  which  at  a,  can  be  seen  in  this  view),  and  the  clamp  d,  screwed 
up  against  it,  so  as  just  to  hold  the  block,  but  no  more.   The  clamp  has  two  claws, 
as  is  seen  in  the  figure,  each  furnished  with  a  ring  entering  the  double  prints  previoosly 
made,  in  the  end  of  the  block.    These  rings  are  partly  cut  away,  leaving  only 
such  a  segment  of  each  as  will  just  retain  the  block,  and  the  metal  between  them  is 
taken  out  to  admit  the  cutter  to  operate  between  them,  or  nearly  so.   In  putting  the 
Uocks  into  this  machine,  the  workman  applies  the  double  prints  to  the  ends  the 
daws  of  the  clamps,  but  takes  care  that  the  blocks  are  higher  between  Ihe  pins  a  than_ 
they  should  be :  he  then  takes  the  handle  /,  and  by  it  presses  the  cutters  £  £  (which. 
we  suppose  are  standing  still)  down  upon  the  blocks,  depressing  them  between 
pins  at  the  same  time,  till  the  descent  of  the  cutters  is  stopped  by  the  pieee  k  re 
on  the  shape  g.   He  now  turns  the  screws  6  6,  to  fix  the  blocks  tight.   The  cutl 
being  put  in  motion  cut  the  scores,  which  will  be  plainly  seen  by  the  mode  ci*  adjosl 
ment  just  described,  to  be  of  no  depth  at  the  pin-hole ;  but  by  depressing  the  handle  L 
so  as  to  incline  the  blocks,  and  keeping  the  cutters  down  upon  their  shape  ^ ,  by  tlu 
handle  /,  they  will  cut  any  depth  towards  the  ends  of  the  blocks,  which  the  shape  | 
admits. 

By  this  means  one  quarter  of  the  score  is  formed ;  the  other  is  done  by  taming  1 
blocks  tof^cther  half  ruund  in  this  manner.   The  centres  /  are  not  fitted  into  the  plate  i 
itself,  but  into  a  frame  seen  at  r  beneath  the  plate,  which  is  connected  with  it  byi 
centre  pin,  exactly  midway  between  the  two  blocks  A  b.   A  spring  catch,  the  end  of 
which  is  seen  at     confines  them  together ;  when  this  catch  is  pressed  back,  the  plate  i 
can  be  turned  about  u|)on  its  centre  pin,  so  as  to  change  the  blocks,  end  for  end,  i 
bring  the  unscored  quarters  (i.  e.  over  the  clamps)  beneath  the  cutters;  the  workn 
taking  the  handles  f  and  Ly  one  in  each  hand,  and  pressing  them  down,  cuts  out 
second  quarter.   This  might  have  been  cflected  by  simply  lifling  up  the  handle  jl;  bad 
in  that  case  the  cutter  would  have  btruck  against  the  grain  of  the  wood,  so  as  to 
rather  roughly ;  hut  by  this  ingenious  device  of  reversing  the  blocks,  it  always  catj 
clean  and  smooth,  in  the  direction  of  the  grain.   The  third  and  fourth  quarters  of  the 
score  are  cut  by  turning  the  other  sides  of  the  blocks  upwards,  and  repeating  the  nb 

operation.    The  shape  g  can  be  removed,  and  another  put  in  its  place,  for  diifereot  sL^  

and  curves  of  block ;  but  the  same  ])ins  a,  and  holding  clamps  d,  will  suit  many  difiTercnt^^^^ 


By  these  machines  the  shells  of  the  blocks  are  completely  formed,  and  they  are 
polished  and  finished  by  hand  labor;  but  as  this  is  pcrfi»rmed  by  tools  and  methods  wl 
are  well  known,  it  is  needless  to  enter  into  any  explanation :  the  finishing  required  being' 
only  a  smoothing  of  the  surfaces.  The  machines  cut  so  perfectly  true  as  to  require  no- 
wood  to  be  removed  in  the  finishing;  but  as  they  cut  without  regard  to  the  irregularity 
of  the  grain,  knots,  &,c.,  it  happens  that  many  parts  arc  not  so  smooth  as  might  be  wish- 
ed, and  for  this  purpose  manual  labor  alone  can  be  employed. 

The  lignum  vitac  f  .)r  the  sheaves  of  the  blocks,  is  cut  across  the  grain  of  the  wool  by 
two  cross-cutting  saws,  a  circular  and  straight  saw,  as  before  mentioned.  These  ma- 
chines do  not  essentially  dificr  in  their  principle  from  the  great  cross-cutting  saws  we 
have  described,  except  that  the  wood  revolves  while  it  is  cutting,  so  that  a  small  saw  wili 
reach  the  centre  of  a  large  tree,  and  at  the  same  time  cut  it  truly  flat.  The  limits  pre- 
scribed for  onr  plates  will  not  admit  of  siving  drawings  of  these  machines,  and  the  idea 
which  could  be  derived  from  a  verbal  description  would  not  be  materially  different  fiom 
the  cross-cutting  saws  before  mentioned.  These  machines  cut  oflf  their  plates  for  the  end 
of  the  tree,  which  are  exactly  the  thickness  for  the  intended  sheave.  These  pieces  are 
of  an  irregular  figure,  and  must  be  rounded  and  centred  in  the  crown  saw. 

9.  The  crown  saw  is  represented  in  fig,  134,  where  A  is  a  pulley  revolving  by 
means  of  an  endless  strap.  It  has  the  crown  or  trepan  saw  a  fixed  to  it,  by  a  screw  cut 
within  the  piece,  upon  which  the  saw  is  fixed,  and  which  gives  the  ring  or  hoop  of  tha 
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saw  soffictent  ffUbilitjr  to  perfonn  its  office.  Both  the  palleys  and  saw  reroire  together 
apoA  a  truly  cyliodrioil  t«be  by  which  is  stationary,  being  attached  by  a  flannch  c  to  a 

fixed  poppet  b,  and  on  this  tube  as  an  axis 
the  saw  and  palley  turn,  and  may  be  slid 
endwise  by  a  collar  fitted  round  the  centre- 
piece of  the  pulley,  and  havin:;  two  iroft 
rods  (only  one  of  which  can  be  ^een  at  d 
in  the  figure),  passing  through  holes  made 
through  the  flaunch  and  puppet  b.  Whea 
the  saw  is  drawn  back  upon  its  central  tube^ 
the  end  of  the  latter  projects  beyond  the 
teeth  of  the  saw.  It  is  by  means  of  this  fixed 
ring  or  tube  within  the  saw,  that  the  pieee 
of  wood  €  is  supported  during  the  operation 
of  sawing,  being  pressed  forcibly  against  it 
by  a  screw  d,  acting  through  a  puppet  fixed 
to  the  frame  of  the  machine.  At  the  end  of 
this  screw  is  a  cup  or  basin  whicH  applies 
itself  to  the  piece  of  wood,  so  as  to  form  a 
kind  of  vice,  one  side  being  the  end  of  the 
fixed  tube,  the  other  the  cup  at  the  end  of 
Uie  screw  d.  Within  the  tube  6  is  a  collar 
War  sapporting  a  central  axis,  which  is  perfectly  cylindrical.  The  other  end  uf  this  axi^ 
<seeii  at  /,)  tarns  in  a  collar  of  the  fixed  puppet  e.  The  central  axis  has  a  pulley  f, 
on  it,  and  giving  it  motion  by  a  strap  similar  to  the  other.  Close  to  the  latter 
smiley  a  collar  g  is  fitted  on  the  centre  piece  of  the  pulley,  so  as  to  slip  round  freely, 
\mt  ml  the  same  time  confined  to  move  endways  with  the  pulley  and  its  collar.  This  cc^ 
lar  receives  the  ends  of  the  two  iron  rods  d.  The  opposite  ends  of  these  rods  are,  as 
above  mentioned,  connected  by  a  similar  collar,  with  the  pulley  a  of  the  saw  a.  By  this 
connexion,  both  the  centre  bit,  which  is  screw«l  into  the  end  of  the  central  axis  /,  and 
the  saw  sliding  upon  the  fixed  tube  b,  are  brought  forward  to  the  wood  at  the  same  time, 
lioCh  being  in  rapid  motion  by  their  respective  pulleys. 

10.  Thi  Coaking  Engine, — ^This  ingenious  piece  of  machinery  is  used  to  cut  the  three 
semicirealar  holes  which  surround  the  hole  bored  by  the  crown  saw,  so  as  to  produce  m 
«avity  in  the  centre  of  the  disc. 

11.  Faet-tuming  Lathe — ^The  sheave  is  fixed  against  a  flat  chuck  at  the  end  of  a 
anaadrd,  by  a  nniversal  chuck,  similar  to  that  in  the  coakin?  ensriiie,  except  that  the 
centre  pin,  instead  of  having  a  nut,  is  tapped  into  the  flat  chuck,  and  turned  by  a  screw- 
driver. 

BLOOD.  (5ffng,  Fr.;  Blut,  Oerm.)  The  liquid  which  circulates  in  the  arteries  and 
veins  of  animals;  bright  red  in  the  former  and  purple  in  the  latter,  among  all  the  tribes 
whose  temperature  is  considerably  higher  than  thai  of  the  atmosphere.  It  consist^  1.  of 
a  eolorless  transparent  solution  of  several  substances  in  water;  and,  2.  of  red,  undissolved 
paitieles  diffii»ed  through  that  solution.  Its  specific  gravity  varies  with  the  nature  and 
heilth  of  the  animal ;  liein?  from  1*0527  to  ]'0570  at  60°  F.  It  has  a  saline  sub-nauseous 
tasle,  and  a  smell  peculiar  to  each  animal.  When  fresh  drawn  from  the  vessels,  it  rapidly 
eosgolates  into  a  gelatinous  ma^s,  called  the  clot,  cruor,  or  crassamentum,  from  which, 
ifter  some  time,  a  pale  yellow  fluid,  pa<:sing  into  yellowish  green,  oozes  forth,  called  the 
mrum.  If  the  warm  blood  be  stirred  with  a  bundle  of  twigs,  as  it  flows  from  the  veins, 
the  filMine  concrete*,  and  forms  Ions  fibres  and  knots,  while  it  retains  its  usual  appear- 
tnee  in  other  respects.  The  clot  contains  fibrine  and  coloring  matter  in  various  pro- 
portions. Berzelius  found  in  100  parts  of  the  dried  clot  of  blood,  35  part*  of  Hbrine; 
56  of  coloring  matter;  1*3  of  carbonate  of  <orla  ;  4  of  an  animal  matter  soluble  in  water, 
ikmg  with  some  salts  and  fat.  The  specific  gravity  of  the  serum  varies  from  1*027  to 
\iB9,  It  forms  about  three  fourths  of  the  weight  of  the  blood,  has  an  alkaline  reaction, 
eotfolates  at  167°  F.  Into  a  gelntinouR  mass,  and  has  for  its  leading  consiituent  albumen 
to  &e  amoant  of  8  per  cent ,  besides  fat,  potash,  soda,  and  salts  of  these  bases.  Blood 
doa  not  seem  to  contain  any  gelatine. 

The  red  coloring  matter  called  hemafiney  may  be  obtained  from  the  cruor  by  washing 
witb  cold  water  and  filtering. 

Blood  was  at  one  time  lan^ely  employed  for  clarifying  sirup,  but  H  is  very  sparingly 
■ed  by  the  sngar  refiners  in  Great  Britain  of  the  present  day.  It  may  be  dried  by  evapo- 
t<i«  at  a  heat  of  130**  or  140°,  and  in  this  state  has  been  transported  to  the  colonies  for 
fviiying  cane  juice.  It  is  an  ingredient  in  certain  adhesive  cements,  coarse  pigments  for 
Wetting  walls  from  the  weather,  for  making  animal  charcoal  in  the  Prussian  blue  work% 
^bjr  an  after  process,  a  decoloring  carbon.  It  is  used  in  some  Turkey  red  dye-woriok 
1^  is  a  powerful  manure. 
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BLOWING  AfACHINE.  See  Ikon,  Metallusgt,  VximLATioN. 

BLOWPIPE.  {Chalunuan,  Fr. ;  Lothrdhre,  Germ.)  JeweUen,  mmenlogistSy  d» 
ifts,  enamellerB,  &c.,  make  frequent  ase  of  a  tube,  usually  bent  near  the  end,  tennintfcd 
with  a  finely  pointed  nozzle,  for  blowing  through  the  flame  of  a  lamp,  candle,  or  ga»-jct, 
and  producing  thereby  a  small  conical  flame  possessing  a  very  intense  heat.  ModifiBir 
tions  of  bluw  pipes  are  made  with  jels  of  hydrogen,  oxygen,  or  the  two  gases  mixed  in 
due  proportions. 

BLUE  DYES.  {Teint,  Germ.  See  Enamfl.)  The  materials  employed  for  this  pur- 
pose are  indigo,  Prussian  blue,  logwood,  bilberry,  (vaccinium  niyr/t//«t,)  elder  berries, 
{iambncus  nigra,)  mulberries,  privet  berries,  (lif^strumvulgartj)  and  some  other  berries 
whose  juice  becomes  blue  by  the  addition  of  a  small  portion  of  alkali,  or  of  the  sails  of 
eopper.  For  dyein:;  with  the  first  three  articles,  see  them  in  their  alphabetical  placet.  I 
■hall  here  describe  the  other  or  minor  blue  dyes. 

To  dye  blue  with  such  berries  as  the  above,  we  boil  one  pound  of  them  in  water,  add- 
ing one  ounce  of  alum,  of  copperas,  and  of  blue  vitriol,  to  the  decoction,  or  in  their  stead 
equal  parts  of  verdigris  and  tartar,  and  pass  the  stufis  a  sufficient  time  through  the  liquor. 
When  an  iron  mordant  alone  is  employed,  a  steel  blue  tint  is  obtained ;  and  when  a  tin 
one,  a  blue  with  n  violet  cast.   The  privet  berries  which  have  been  employed  as  sap 
colors  by  the  card  painters,  may  be  extensively  used  in  the  dyeing  of  silk.   The  berries 
of  tke  African  nizht-shnde  (nolanum  f;uinecme)  have  been  of  late  years  considerably  ap- 
plied to  silk  on  the  continent  in  producing  various  shades  of  blue,  violet,  red,  brown,  &c., 
bnt  particularly  violet.    With  alkalis  and  acids  these  berries  have  the  same  habitudes  as 
bilberries ;  the  former  turning  them  green,  the  latter  red.   They  usually  come  from 
Italy  compressed  in  a  dry  cake,  and  are  infused  in  hot  water.   The  infusion  is  merely 
filtered,  and  then  employed  without  any  mordant,  for  dyeing  silk,  being  kept  at  a  warm 
temperature  by  surroundinsr  the  bath  vessel  with  hot  water.   The  goods  must  be  winced 
for  six  hours  through  it  in  order  to  be  saturated  with  color;  then  they  are  to  be  rinsed _ 
in  running  water  and  dried.    One  pound  of  silk  requires  a  pound  and  a  half  of  the  berry,, 
cake.    In  the  nrsiduary  bnlh,  otlier  tints  of  blue  may  be  given.   Sometimes  the  dyedi 
silk  is  finished  by  runnine  it  thronch  a  weak  alum  woter.    A  color  approaching  to  in  ^ 
digo  in  permanence,  but  which  diflrTs  from  it  in  being  soluble  in  alkalis,  thongh  incn  ^ 
pable  of  similar  disoxydizement,  is  the  gardenia  geitipa  and  actUeata  of  South  America^. 
whose  colorless  juice  becomes  dark  blue  with  contact  of  air;  and  dyes  stuflfs,  the  skin,^. 
and  nails,  of  nn  unchangeable  deep  blue  color,  but  the  juice  must  be  applied  in  the  color-— 
less  sute. 

BLUE  PIGMENTS.   Several  metallic  compounds  possess  a  blue  color;  eapecialhB^^? 
those  of  iron,  cobalt,  and  molydenum.   The  metallic  pigments,  little  if  at  all  employed, 
but  which  may  be  found  useful  in  pnrticular  cases,  are  the  molybdate  of  mercury,  th 
hydro-sulphuret  of  tungsten,  the  prussiate  of  tungsten,  the  molybdate  of  tin,  the  oxyde  t 
copper  darkened  with  ammonia,  the  silicate  of  copper,  and  a  fine  violet  color  formed  fn 
manganese  and  molybdenum.    The  blues  of  vei^etable  origin,  in  common  use,  arc  indigo^* 
litmus,  and  blue  cakes.  The  blue  piirments  of  a  metallic  nature  found  in  commerce  are  U 
following :  Pn*f.i/(/?i        ;  mouufain  blue,  a  carbfuinte  of  copper  mixed  with  more  or  le 
earthy  matter;  Brnncn  blue  or  rerditer,  a  greenish  blue  color  obtained  from  copper  mu 
with  chalk  or  lime ;  iron  blur^  phosphate  of  iron,  little  employed ;  cobalt  blut,  a 
obtained  by  cnlcinini!  a  salt  of  cdbnit  with  alumina  or  oxyde  of  tin ;  smalt,  a  elass  i 
ed  with  cobalt  and  uround  t(»  a  tine  powder;  charcoal  blM,  a  deep  shiide  obtained  by  In- 
turatiuir  carbonized  vine  stalks  with  an  equal  weiirht  of  potash  in  a  crucible  till  the  mix- 
ture ceases  to  swell,  then  pourin*;  it  upcm  a  slab,  putting  it  into  water,  and  saturating  t 
alkali  with  sulphuric  acid.  The  li(]uor  becomes  blue,  and  lets  fall  a  dark  blue  precipitate^^ 
which  becomes  of  a  brilliant  blue  color  wlien  healed. 

Molybdenum  blue  is  a  combination  of  this  metal,  and  oxyde  of  tin  or  phosphate  of  lime 
It  is  employed  both  as  a  paint,  and  an  enamel  color.  A  blue  may  also  be  obtained 
putting  into  molybdic  ncid.  (made  by  di:;estins:  sulphuret  of  molybdenum  with  nitricT' 
acid,)  some  filinsis  of  tin,  and  a  little  muriatic  acid.  The  tin  deoxydizes  the  molybdic 
acid  to  a  certain  detrree,  and  converts  it  into  the  molybdous,  which,  when  evaporated  and 
heated  with  alumina  recently  precipitated,  forms  this  blue  pigment.  UUramarim  Urn. 
beautiful  blue  pigment,  which  see. 

BLUE  VITRIOL;  sulphate  of  copper. 

BOMBAZINE.    A  worstetl  sliiflT,  sometimes  mixed  with  silk. 

BONES.  (Ot,  Fr. ;  Kuochen,  Germ.)  They  ff>rm  the  frame  work  of  animal  bodies, 
commonly  called  the  skeleton ;  upon  which  the  soft  parts  ore  suspended,  or  in  which  they 
are  enchiseil.  Bones  are  invested  with  a  membrane  styled  the  periosteum,  which  in 
composed  of  a  dense  tissue  affording  glue;  whence  it  is  convertible  into  jelly,  by 
draUition  with  water.  Bones  are  not  equally  compact  throughout  their  whole  snl^" 
stance ;  the  long  ones  have  tubes  in  their  centres  lined  with  a  kind  of  periosteum,  of 
more  importance  to  the  life  of  the  bones  than  even  their  external  coat.   The  flat,  as 
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wcH  as  the  short  and  thick  bones,  exhibit  upon  their  surfaee  an  osseous  mass  of  a 
dense  nature,  while  their  interior  presents  a  cavit>'  divided  into  small  cellules  by  their 
boBT  partitions. 

In  fefereoce  to  the  composition  of  bones,  we  have  to  consider  two  principal  constito- 
eacs :  the  living  portion  or  the  osseous  cartilage,  and  the  inorganic  or  tlie  earthy  salts  of 
the  bones. 

The  osseous  cartilaire  is  obtained  by  suspcndint;  bones  in  a  lan?e  vessel  full  of  dilate 
mvriatic  ackl,  and  leaving  it  in  a  cool  place  at  about  50°  Fahr.  for  example.  The  acid 
dinolves  the  earthy  salts  of  the  bones  without  perceptibly  attackins;  the  cartilas^e,  which, 
at  the  end  of  a  short  lime,  becomes  soft  and  translucid,  retaining  the  shape  of  the  bones; 
whenever  the  acid  is  saturated,  before  it  has  dissolved  all  the  earthy  salts  it  should  be 
reaewcd.  The  cartilage  is  to  be  next  suspended  in  cold  water,  which  is  to  be  frequently 
chaaged  till  it  has  removed  all  the  acidity.  By  drj'ing,  the  cartilage  shrinks  a  littl^ 
■ad  asvumes  a  darker  hue,  but  without  losing  its  translucency.  It  becomes,  at  the 
Moie  time,  hard  and  susceptible  of  breaking  when  bent,  but  it  possesses  great 
itrcnsth* 

This  cartilage  is  composed  entirely  of  a  tissue  passing  into  gelatine.  By  boiling  with 
water,  it  is  Tery  readily  convertible  into  a  glue,  which  passes  clear  and  colorless  through 
the  titer,  learing  only  a  small  portion  of  fibrous  matter  insoluble  by  further  boiling, 
"nis  matter  is  producnl  by  the  vessels  which  penetrate  the  cartilage,  and  carry  nourish- 
meat  to  the  bone.  We  may  observe  all  these  phenomena  in  a  very  instructive  manner, 
by  macentia^  a  bone  in  dilute  muriatic  acid,  tiU  it  has  lost  about  the  half  of  its  salts ; 
then  washing  it  with  coM  water,  next  pouring  boiling  water  upon  it,  leaving  the 
whole  m  repose  for  !U  hours,  at  a  temperature  a  few  de7rees  below  212°  Fahr. 

The  cartilace,  which  hns  ht'on  slrippcfl  of  its  earthy  salts,  dissolves,  but  the  small 
vessels  which  issue  frum  the  nmlecomposed  portion  of  the  bone  remain  under  the  form 
of  white  plumes,  if  the  water  has  received  no  movement  capable  of  crushing  or  breaking 
thni.  We  may  then  easily  recognise  them  with  a  lens,  but  the  slightest  touch  tean 
tbem,  and  makes  them  fall  to  the  iMittom  of  the  vessel  in  the  form  of  a  precipitate ;  if 
we  digest  bones  with  strong  hot  muriatic  acid  so  as  to  accelerate  their  decomposition,  a 
portion  of  the  cartilage  dissolves  in  the  acid  with  a  manifest  disengagement  of  carbonic 
acid  CM,  which  breaks  the  interior  mass,  and  causes  the  half-soAened  bone  to  begin  to 
fpHt  into  fibrous  plates,  separable  in  the  direction  of  their  length.  According  to  Man, 
these  platCH,  when  sufficiently  thin,  possess,  like  scales  of  mica,  the  property  of  polar- 
iang  licht,  a  phenomenon  which  becomes  more  beautiful  still  when  we  soak  them  with 
the  es««*ntial  oil  of  the  bark  of  the  Laurus  Cassia.  The  osseous  cartilage  is  formed 
before  the  earthy  part.  The  long  bones  are  then  solid,  and  they  become  hollow  only  in 
proportion  as  the  earthy  salts  appear.  In  the  new-bom  infant,  a  large  portion  of  the 
hmet  if  bnt  partially  filled  with  these  salts,  their  deposition  in  cartilage  takes  place 
uder  certain  invariable  pointi  of  o.%.^ification,  and  begins  at  a  certain  period  after  cofOr 
erpiion,  so  that  we  may  calculate  the  age  of  the  foetus  according  to  the  progress  which 
•nftcation  hns  made. 

The  earthy  parti  of  bones  are  composed  principally  of  the  phosphate  and  carbonate 
of  lime  in  various  proportions,  variable  fn  different  animals,  and  mixed  with  snudl 
^■aatilies,  equally  variable,  of  phosphate  of  magnesia  and  fluatc  of  lime.   The  easieet 
anas  of  procuring  the  earthy  salts  of  bones  consists  in  burning  them  to  whiteness,  bnt 
the  earthy  resklnum  procured  in  this  manner,  contains  substances  which  did  not  ezift 
Wbrchand  in  the  hones,  and  which  did  not  form  a  part  of  their  earthy  salts ;  at,  for 
iiaaqtle,  sulphate  of  soda,  produced  at  the  expense  of  the  sulphur  of  the  bones  and  the 
•Ikabw  carbonate,  proceeding  fVom  the  cartilage  with  which  it  was  combined.   On  the 
other  hami,  the  greater  part  of  the  lime  has  lost  its  carbonic  acid.   As  the  sulphorie 
leid  is  the  product  of  combustion,  it  is  obvious  that  an  acidulous  solution  of  a  frefh  bone 
eui  ilbid  no  precipitate  with  muriate  of  barytes.   The  phosphate  of  lime  contained  in 
the  boae>«altt  is  a  subphosphate,  consisting,  according  to  Bcrzelios,  of  three  prime 
eqwmlenU  of  the  acid,  and  eight  of  the  base ;  or  of  2,677  parts  of  the  former,  and  2,84S 
the  latter.   It  is  always  obtained  when  we  precipitate  the  phosphate  of  lime  by  an 
euoi  U  ammonia.   When  calcined  bones  are  disti&ed  in  a  retort  with  their  own  weight 
of  salphurie  acid,  a  little  fluoric  acid  is  disengaged,  and  it  acts  on  the  surface  of  the 
«Wh.  The  foUowing  analyses  of  the  bones  of  men  and  horned  cattle,  are  given  by  Bcr- 
uliu.  They  were  dried  after  being  stripped  of  their  fat  and  periosteum  till  they  lost 
M  more  weight. 
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Honuui  hMM. 

OshcM. 

Cartilage  completely  soluble  in  water  - 

Ve»els  

Subphosphatc  with  a  little  fluate  of  lime  .... 

Phosphate  of  matrncsia  -  - 

Soda  with  verj-  little  muriate  of  soda  .... 

32-17) 
M3  i 

53*04 

11*3 
M6 
1*20 

33*3 

57-35 
3*86 
2K» 
3*45 

100*00 

100HI0 

The  most  essential  difference  in  the  composition  of  these  bones  is  that  thoae  of  i 
eontein  three  times  as  much  carbonate  of  lime  as  those  of  the  ox ;  and  that  the  T 
•re  richer  m  phosphate  of  lime  ond  magnesia  in  the  liame  proportion.  Feroandei  de 
fiarros  ha<  established  a  comparison  between  the  phosphate  and  carbonate  of  lime  m 
the  bones  of  different 'animals.  He  found  in  100  parts  of  earthy  salt  of  the  bonei  of  Ike 
following  animals : — 


Phmphtttavriimr 

CtfbutiM. 

950 

2-5 

80*0 

19-8 

88*9 

10-4 

Prog  

'95*2 

2-4 

91*9 

5-3 

i 


The  bones  of  fish  are  divided  into  those  which  contain  earthy  salts  and  those  wh 
haTenone,  called  cartilaginous  fishes.    The  enamel  of  the  teeth  i 
fiiDows:— 


Human  «nai»«]. 

Phosphate  of  lime  with  fluate  of  lime  .... 

88-6 

85H)  1 

8*0 

71 

1*5 

3H)  1 

Soda  

0-0 

1*4 

Brown  membranes  attached  to  the  tooth,  alkali,  water 

2-0 

3*5  1 

100-0 

100-0  1 

Li  the  arts,  the  bones  are  employed  by  turners,  cutlers,  manufacturers  of  animal  < 
eoal,  and,  when  calcined,  by  assayers  for  making  cupels.    In  agriculture,  they 
em|doyed  as  a  manure,  for  which  purpose  they  should  be  ground  in  a  mill,  and  the  ]Mnr- 
dor  flowed  along  with  the  seeds  in  a  drill.    It  is  supposed,  in  many  cases,  to  increase  f* 
crop  in  weight  of  grain  and  straw  together,  by  from  40  to  50  per  cent.   In  France,  t 
it  extensively  made  by  dissolving  bones  in  a  steam-heat  of  two  or  three  days'  contiiiii 
ttiee.   The  shavings  of  hartshorn,  which  is  a  species  of  bone,  afford  an  elegant  jelly 
tke  shavings  of  calves'  bones  may  be  used  in  their  stead. 

Living  bones  acquire  a  red  tinge  when  the  animals  receive  madder  with  their  Ibod; 
bat  they  lose  it  when  the  madder  is  discontinued  for  some  time. 

BONE  BLACK  (Noir  d'o$.  Ft.  ;  Knochenschwartz,  Germ.),  or  Animal  diareool,  wt^^ 
it  is  less  correctly  called,  is  the  black  carbonaceous  substance  into  which  bones  are^ 
QOnTerted  by  calcination  in  close  vessels.    This  kind  of  charcaol  has  two  principaL 
•pplications :  to  deprive  various  solutions,  particularly  simps,  of  their  coloring  maUen^ 
nd  to  furnish  a  black  pigment.   The  latter  subject  will  be  treated  of  under  Ivobt' 
Black. 

The  discovery  of  the  antiputrescent  and  decoloring  properties  of  chareoal  in  general, 
if  dne  to  Lowitz,  of  Petersburg ;  but  their  modifications  have  occupied  the  attention  tif 
jsmj  chemists  since  his  time.  Kels  published,  in  1798,  some  essays  on  the  discolorinf^ 
of  indigo,  saffron,  madder,  sirup,  &c.  by  means  of  charcoal,  but  he  committed  a  mistdce 
in  supposing  bone  black  to  have  less  power  than  the  charcoal  of  wood.  The  firrt 
useful  application  of  charcoal  to  the  purification  of  raw  colonial  sugar  was  made  hf 
M.  Guillon,  who  brought  into  the  French  markets  considerable  quantities  of  fine  sirnps^ 
which  he  discolored  by  ground  wood  charcoal,  and  sold  them  to  great  advantage,  ai 
nmeh  superior  to  the  cassonades  of  that  time.  In  1811,  M.  Figuier,  an  apothecary  at 
Montpeliier,  published  a  note  about  animal  charcoal,  showing  that  it  blanched  vinegan 
mod  wmes  with  much  more  energy  than  vegetable  charcoal;  and,  lastly,  in  181^ 


BONE  BLACK. 


101 


IC  DerofDCS  propoied  to  employ  animal  charcoal  in  the  pnrification  of  sirapo  and 
wagu  reining.  The  quantities  of  bone  black  left  in  the  retorts  employed  by  MM. 
Piayen.  for  imidiieing  crude  carbonate  of  ammonia,  furnished  abundant  materials  for 
■>«fciay  the  most  satisfactory  experiments,  and  enabled  these  gentlemen  soon  to  o^ 
tnia  ten  per  eeot.  more  of  refined  sugar  from  the  raw  article  than  had  been  formerly 
eztncted,  and  to  improve,  at  the  same  time,  the  characters  of  the  lumps,  bastaidSi 
trancfe,  Ite. 

The  calcination  of  bones  is  eflccied  by  two  different  systems  of  apparatus ;  by  heating 
Ikon  in  a  retort  similar  to  that  in  which  coal  is  decomposed  in  the  gas  works,  or  in 
•Mil  pots  piled  up  in  a  kiln.  For  the  description  of  the  former,  see  Gas-Ligrt. 
Ob  the  second  plan,  the  bones,  broken  into  pieces,  are  put  into  small  cast-iron  pots 
of  the  form  shown  in  fig.  136,  about  three  eighths  of  an  inch  thick,  two  of  which  are 
dexteranaly  placed  with  their  mouths  in  contact,  and  then  luted  together  with  loam. 
The  lip  of  the  upper  pot  is  made  to  slip  inside  of  the  under  one.  These  double  vene]% 
emtnining  together  about  fiAy  pounds  of  bones,  are  arranged  alongside,  and  over  each 
ether,  in  an  oven,  like  a  potter*s  kiln,  till  it  be  filled.  The  oven  or  kiln  may  be  either 
oblong  or  upright.  The  latter  is  represented  in  figs,  136,  137,  138.  a  is  the  fireplaee 
er  grate  for  the  fuel ;  c  c  are  the  openings  in  the  dome  of  the  furnace  through  which 
the  flame  flowi;  the  divisions  of  these  orifices  are  shown  in  fig.  138.  b  is  the  wall  of 
hrieii-work.  d  the  space  in  which  the  pots  are  distributed,  e  is  the  door  by  which  the 
voriunan  carries  in  the  pots,  which  is  afterwards  built  up  with  fire-bricks,  and  plastered 
over  with  loam.  This  door  is  seen  in  fig,  136.  f  f  are  the  lateral  flues  for  conveying 
the  dlMgngcd  gases  into  the  air. 


Fig.  139  is  a  longitudinal  section,  and  fig.  140,  a  ground  plan  of  a  horizontal  kiln  f«r 
cnlrining  bones,  a  in  the  fire-chamber,  lying  upon  a  level  with  the  sole  of  the  kiln ;  it 
in  eepmtcd  by  a  pilUr  b,  from  the  calcining  hearth  c.  In  the  pillar  or  wall,  several 
rmn  of  holes  <f,  are  leA  at  different  heights;  e  is  the  entrance  door ;  /,  the  outlet  venti 
(or  the  gates  vapors,  and  smoke,  into  the  chimney  g;  A,  a  sliding  damper-plate  for  regn- 
laliag  the  admission  of  the  air  into  the  fire  in  the  space  a. 

By  this  arranzeroent  the  offensive  emanations  are  partly  consumed,  and  partly  carried 
iff  with  the  smoke.  To  destroy  the  smell  completely,  the  smoke  should  be  made  to  piH 
thwwgh  a  second  small  furnace. 

The  number  of  pots  that  may  be  put  into  a  kiln  of  this  kind  depends,  of  course,  upon 
ito  ddneaaiotts;  but,  in  general,  from  100  to  150  are  piled  up  over  each  other,  in  columns^ 
■t  once ;  the  greatest  heat  being  nearest  the  roof  of  the  kiln ;  which  resembles,  in  many 
rnects,  tl^  used  for  baking  pottery  ware, 
hi  both  kflns  the  interior  walls  are  built  of  fire-bricks.  In  the  oblong  one,  the 
heat  is  near  the  vaulted  roof;  in  the  upright  one,  near  the  sole ;  and  the  pot% 
the  larger  lumps  of  bones,  should  be  placed  accordingly  near  the  top  of  the 
■ffMr,  and  the  bottom  of  the  latter.  Such  a  kiln  may  receive  about  seventy  donhle 
pals,  eontaining  in  the  whole  thirty-five  cwt.  of  bones. 

After  the  earth  is  filled  with  the  pots,  and  the  entrance  door  is  shut,  the  fire  it 
apphed  at  first  moderately,  but  afterwards  it  must  be  raised  and  maintained,  at  a  brhit 
heat;  Ar  eight  or  ten  hours.  The  door  of  the  ash-pit  and  the  damper  may  now  he 
Marly  dosed,  to  moderate  the  dranght,  and  to  keep  up  a  steady  ignition  for  six  or  ei|^ 
hmn  hager,  without  additional  firing ;  after  which  the  doors  must  be  all  opened  te 
«nl  the  ftvDaee.  When  this  is  done,  the  brick-work  of  the  entrance  door  must  he 
Uten  4owBy  the  kiln  must  be  emptied,  and  immediately  filled  again  with  a  set  of  peH 
MiiBMly  filled  with  bones,  and  luted  together ;  the  pots  whieh  have  been  ignited  Mft 
hinwrn  qf  n  ihort  time,  be  optaed,  and  the  cootenti  put  into  the  magaiine.  Bit 
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in  operating  with  the  large  decomposing  cylinder  retort,  the  bones  being  raked  ofot  hot, 
most  be  instantly  tossed  into  a  receiver,  which  can  be  covered  in.  air-tight  Ull  they  are  eooL 

The  bones  lose  upon  the  average  about  one  half  of  their  weight  in  the  cakinatioi. 
In  reference  to  the  quality  of  the  black,  experience  has  shown  that  it  is  so  much  move 
powerful  as  a  discoloring  agent,  as  the  bones  from  which  it  was  made  have  beoi  freer 
fiom  adhering  fatty,  fleshy,  and  tendinous  matters. 

The  charcoal  is  ground  in  a  miU,  either  to  a  fine  powder  and  sifted,  or  into  a  eouie 
granular  state,  like  gunpowder,  for  the  preparation  of  which  two  sieves  are  required,  one 
with  uKMleratcly  fine  meshes,  to  allow  the  small  dust  to  pass  through,  and  one  with  laige 
meshes,  to  separate  the  proper-sized  grains  from  the  coarser  lumps.  Either  a  com-DiiU, 
an  edgestone  mill,  or  a  steel  cylinder  mill,  may  be  employed  for  grinding  bone-Uack,  and 
it  is  generally  damped  in  the  operation  to  keep  down  the  fine  dust. 

Bone-black,  as  found  in  commerce,  is  very  variable  in  its  discoloring  power,  whidi 
arises  from  its  having  been  exposed  either  to  too  great  a  heat  which  has  glazed  its  car- 
bon, or  too  low  a  heat  which  has  left  its  albumen  imperfectly  decomposed.  A  steady 
ignition  of  due  continuance  is  the  proper  decomposing  temperature.  Its  compositicii  is 
generally  as  follows  : — 

Phosphate  of  lime,  with  carbonate  of  lime,  and  a  little  sulphuret  of  iron,  or  oxyde  of 
iron,  88  parts;  iron  in  the  state  of  a  silicated  carburet,  2  parts;  charcoal  containing 
about  one  fifteenth  of  azote.  10  parts.  None  of  the  substances  present,  except  the  char- 
coal, possesses  separately  any  discoloring  power. 

The  quality  may  be  tested  by  a  solution  of  brown  sugar,  or  molasses,  or  of  indigo  in 
sulpharic  acid.  The  last  is  generally  preferred  by  the  French  chemists,  who  have  occn- 
pied  themselves  most  with  this  subject,  and  it  contains  usually  one  thousandth  part 
of  its  weight  of  this  dye-dnijr  of  the  brst  quality.  Other  animal  substances  yieW  a 
charcoal,  possessed  of  very  considerable  discoloring  properties.  The  following  table  by 
M.  Bussy  exhibits  an  interesting  comparison  of  almost  every  kind  of  charcoal  in  this 
point  of  Wcw. 


Table  of  the  discoloring  powers  of  different  charcoals. 


Sp4>ciei  of  Chairnal. 

VVeighl. 

Iudii;i>  test 
con*uiiiC(i. 

MoIbu«-i  kPkt 
ron^umed. 

Blani.-hing  by 
indigo. 

Power  by 
molaeaea. 

Gramme. 

Litres. 

Blood  calcined  with  potash 

1 

J -GO 

0-18 

50 

20 

Ditto  with  chalk  -    -  - 

1 

0-57 

0-10 

18 

H 

Ditto  with  phosphate  lime 

I 

0-38 

0-09 

12 

10 

Grelatine  ditto  with  jwtash 

1 

M5 

0-14 

36 

16-5 

Albumen  ditto  ditto   -  - 

1 

1-08 

0-14 

34 

15-5 

Starch  ditto  ditto  -    -  - 

1 

0-34 

0-08 

10-6 

8-8 

Charcoal  from  ncet.  potash 

1 

0-18 

0-04 

5-6 

4-4 

Ditto  from  carb.  soda  by 

phosjihonis    -   -   -  - 

1 

0-38 

0-08 

12 

8-8 

Calcined  lamp  black  -  - 

1 

0-128 

0-03 

4 

3-3 

Ditto  ditto  potash  -   -  - 

1 

0-55 

0-09 

15-2 

10*6 

Bone  black  treated  with 

mur.  acid  and  potash  - 

1 

1-45 

0-18 

45 

20 

Bone  black  ditto  with  mur. 

acid  

1 

0-06 

0015 

1-87 

1-6 

Oil  calcined  with  phosph. 

1 

0-064 

0-017 

2 

1-9 

Crude  bone  black  -   -  - 

1 

0-032 

0-009 

1 

1 

With  regard  to  the  mode  of  operation  of  bone  black  on  colored  liquids,  M.  Payen 
showed  in  his  prize  essay,  1.  That  the  decoloring  power  of  charcoal  depends  in 
genera]  upon  its  state  of  division ;  2.  That  in  the  various  charcoals,  the  ca/bonaceons 
matter  acts  only  upon  the  coloring  matters,  combining  with  and  precipitating  them ;  3. 
That  in  the  application  of  charcoal  to  the  refining  of  sugar,  it  acts  also  upon  the  gluten^ 
for  it  singularly  promotes  crystallization ;  4.  That  according  to  the  above  principles,  the 
decoloring  action  of  charcoals  may  be  so  modified,  as  to  make  the  most  inert  become 
the  most  active ;  5.  That  the  distinction  between  animal  and  vegetable  charcoals  is  im- 
proper, and  that  we  may  substitute  for  it  that  of  dull  and  brilliant  charcoals ;  6.  That 
of  the  substances  present  in  charcoal  besides  carbon,  and  particularly  animal  Charcot]^ 
those  which  favor  the  decoloring  action,  have  an  influence  relative  only  to  the  carbca ; 
they  serve  as  auxiliaries  to  it,  by  insulating  its  particles,  and  presenlmg  them  mm 
freely  to  the  action  of  the  coloring  matter;  7.  That  animal  charcoal,  besiles  its  de- 
coloring power^  has  the  valuable  property  of  taking  lime  in  solution  from  water  tad 
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simp;  8.  That  neither  vcgetnble,  nor  other  charcoals,  besides  the  animal,  have  thii 
power  of  ab^tractinir  liine ;  9.  Thai  by  the  aid  of  the  decolorimeter,  or  graduated  tnbe 
eWrffd  with  test  solution  of  indi'^o  or  molasses,  it  is  easy  to  appreciate  exactly  the  de 
coiorinc  propcrlies  of  all  kinds  of  charcoal. 

Differcot  varieties  of  lignite  (fus!(ilizcd  wood)  or  even  pit  coal,  when  well  carbonized 
m  elo^e  vettfel^  afford  a  decoloring  charcoal  of  considerable  value.  By  reducing  100 
r«rtsof  clay  into  a  thin  paste  with  water,  kneading  into  it  20  parts  of  tar,  and  500  of 
GDdj-^and  pit  coal,  drying  the  mixed  mass,  and  calcining  it  out  of  contact  of  air,  a 
charcoally  matter  may  be  obtained  not  much  inferior  to  bone-black  in  whitening  sirups. 

The  restoration  of  animal  charcoal  from  burnt  bones,  for  the  purpose  of  sugar  re- 
finiBf,  has  been  long  practised  in  France.  Mr.  W.  Parker  has  lately  made  the  following 
praeess  the  subject  of  a  patent.  The  charcoal,  when  taken  from  the  vessel  in  which  it 
nu  been  employed  for  the  purposes  of  clarifying  the  sugar,  is  to  be  thoroughly  washed 
with  the  purest  water  that  can  be  obtained,  in  order  to  remove  all  the  saccharine  matter 
•dhfring  toit.  When  the  washing  process  has  been. completed,  the  charcoal  is  laid  oat 
lo  dry,  either  in  the  open  air  or  in  a  suitable  stove,  and  when  perfectly  free  from  moist- 
ure, it  is  to  be  sepaiated  into  small  pieces  and  sifted  through  a  sieve,  the  wires  or  meshes 
otf*^  which  are  placed  at  distances  of  about  two  and  a  half  in  every  inch.  This  sifling 
Win  not  only  di\  idc  the  charcoal  into  small  pieces,  but  will  cause  any  bits  of  wood  or 
•>*li«f  improper  matters  to  be  separaied  fit)m  it. 

Ilie  charcoal,  thus  prepared,  is' then  tu  be  packed  lightly  in  cylindrical  vessels  called 
«niciWes,  with  »mc  small  qunntiiv  bones,  oil,  or  other  animal  matter  mixed  with  it. 
I^he  Cfucibles  a:  e  then  to  be  cIoK'd  by  covers,  and  luted  at  the  joints,  leaving  no  other 
<>pning  but  one  small  hole  in  the  centre  of  the  cover,  through  which  any  gas,  generated 
within  the  vessel  when  rlnce-d  in  ihc  oven  or  furnace,  may  be  allowed  to  escape. 

The  crucibles  are  now  to  be  ransed  round  the  oven,  and  placed,  one  upon  another,  in 
"Vertical  positions ;  and  when  the  oven  is  properly  heated,  gas  will  be  generated  witbin 
«"ach  crucible,  and  issue  out  from  the  central  hole.  The  gas  thus  emitle<f,  being  of  an 
inflammable  quality,  will  tukc  lire,  and  assist  in  heating  the  crucibles;  and  the  operation 
t>^hif  girrictl  on  until  the  crucibles  become  of  a  red  heat,  the  oven  is  then  to  be  dosed, 
^nd allowed  to  cord;  after  which  the  crucibles  are  to  be  removed,  when  the  charcoal  will 
\k  fuunJ  to  have  b»cori:p  prrfcclly  renovatpd,  and  fit  for  use  as  before. 

BORAX.  A  native  saline  compound  of  lK)racic  acid  and  sodn,  found  abundantly  in 
Thibet  anti  in  ^■ollth  Ann  rica.  The  crude  product  from  the  former  locality  was  wiported 
ialo  Kuri.pe  under  the  n,nme  of  iinnil,  and  was  purified  from  some  adhering  ^^Hy  matter 
hr  tprocejw  kept  a  lonu  time  scciel  by  the  Venetians  and  the  Dutch,  and  wAich  consisted 
ctipfly  in  boilin'.r  the  substance  in  water  with  a  litile  quicklime. 

Gmelin  found  liornx,  in  prismatic  crystals,  to  contain  46*6  per  cent,  of  water ;  and 
Anml<on,  in  ihi*  ralcimd  state,  to  consist  of  6S-9  of  acid  and  3l-i  soda,  in  100  parts. 
M.  Payen  describes  an  retahedral  borax,  which  contains  only  30*64  percent,  of  water, 
wd  ii  therefore  preferred  by  the  brasiers  in  their  soldering  processes. 

Bcrax  has  a  sweetish,  somewhat  lixivial  ta?te,  and  affects  Tcsetable  colors  like  an  tl- 
ttli;  it  is  soluble  in  12  parts  of  cold  and  2  of  boiling  water.  It  effloresces  and  becomes 
Wc  in  a  drv  otmospliens  and  appears  luminous,  by  f/iction,  in  the  dark.  It  melts  at 
»  beat  a  little  above  that  of  Iwilin?  water,  and  jfives  out  its  water  of  crysUllization,  after 
*fcieh  it  fi  rms  a  .«pongy  ma.«s,  colled  calcined  borax.  The  octahedral  borax,  which  is 
PffpMcd  by  cr)stallization,  in  a  solution  of  1-256  sp.  gr.,  kept  up  at  145°  F.,  is  not 
<*«rffcent.    Wh^'n  borax  is  iznitcd,  Jt  fuses  into  a  glassy-looking  substance. 

The  fullowin?  is  the  impTt)ved  mode  of  pnrif}'ing  borax.  The  cmde  crystals  are  to 
^  Woken  into  small  lumps,  <»"d  spread  upon  a  filter  lined  with  a  lead  grating,  under 
*M  a  piece  of  cloth  is  stretched  upon  a  wooden  frame.  The  lumps  are  piled  up  to 
1^  height  of  J2  inches,  and  washed  with  siMl  quantities  of  a  caustic  soda  ley  of  5**  B. 
(<^fr.  1-U33)  urtul  the  liquor  comes  off  nearly  colorless;  they  are  then  drained,  and  put 
Mot  hm  copper  of  boiling  water,  in  such  quantities  that  the  resulting  solution  stands 
tt^B.(sp.  gr.  1*160.)  Carbonate  of  soda,  equivalent  to  12  per  cent,  of  the  borax, 
M  sow  be  added ;  the  mixed  solution  is  allowed  to  settle,  and  the  clear  liquid  syphoned 
if  iMD  cryitmllizing  vessels.  Whenever  the  mother  waters  get  foul,  they  must  be 
cviforitcd  to  drynest  in  cast-iron  pots,  and  roasted,  to  bum  away  the  viscid  coloring 

Borax  is  sooaetimes  adulterated  with  alum  and  common  salt ;  the  former  addition  may 
^nidily  detected  by  a  few  drops  of  water  of  ammoni%  which  will  throw  down  its  als- 
■iii;  and  the  latter  by  nitrate  of  silver,  which  will  give  with  it  a  precipitate  insoluble 
■  ilrieadd. 

Tis  lative  boracic  acid  obtained  from  the  lakes  of  Tuscany,  which  has  been  mtnn- 
Jj*sd  in  Frmnee  into  borax,  has  greatly  lowered  the  price  of  this  article  of  commeret. 
^'^ICM.  Pnyen  and  Cartier  first  began  the  business,  they  loki  the  crystals  tt  tW 
"■■ilriie as  IktBntel^  Tis.^  7  franes  the  kilogramme  (21.  lbs.  avoird.);  bnt,  in  a  flhr 
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years,  they  could  obtain  only  2  francs  and  60  centimes,  in  conseqaence  of  the  maitat 
fetting  overstocked.  The  annual  consumption  of  France  in  1823  was  25,000  kiloa^  aai 
the  quantity  produced  in  M.  Payen's  works  was  50,000.  The  mode  of  making  bons 
from  the  acid  is  as  follows : — The  lake  water  is  evaporated  in  graduation  booses,  aid 
then  concentrated  in  boilers  till  it  crystallizes.  In  that  state  it  is  cairied  to  Mir- 
•ealles.  About  500  kilogrammes  of  water  are  made  to  boil  in  a  copper,  and  600  kil» 
grammes  of  crystallized  carbonate  of  soda  are  dissolved  in  it  by  SDccessivc  additkm 
#f  20  kilogrammes.  The  solution  being  maintained  at  nearly  the  boiling  point,  fi09 
kilogrammes  of  the  crystallized  boiacic  acid  of  Tuscany  are  introdaced,  in  snecesiife 
portions.  At  each  addition  of  about  10  kilogrammes,  a  lively  eflerrescenee  ensneii 
•a  which  account  the  copper  should  be  of  much  ereater  capacity  than  is  sufficient  ta 
contain  the  liquors.  When  the  whole  acid  has  been  added,  the  fire  roast  be  damped 
by  being  covered  up  with  moist  ashes,  and  the  copper  roust  be  covered  with  a  tight  Kd 
and  blankets,  to  prespr%'e  the  temperature  uniform.  The  whole  is  left  in  this  statf 
during  30  hours ;  the  clear  liquor  is  then  drawn  oS  into  shallow  crystallizing  vessels  of 
lead,  in  which  it  should  stand  no  hizher  than  10  or  12  inches,  to  favor  its  rapM  cooling. 
At  the  end  of  three  days  in  winter,  and  four  in  summer,  the  crystallization  ta  usually 
finished.  The  mother  water  is  drawn  off,  and  employed,  instead  of  simple  water, 
for  the  purpose  of  dissolving  fresh  crystals  of  soda.  The  above  crystals  are  carefUly 
detached  with  chisels,  redissolved  in  boiling  water,  adding  for  each  100  kilos.,  10  kih». 
d*  carbonate  of  soda.  This  solution  marks  20°  B.  (sp.  gr.  1*160) ;  and,  at  least,  oMtoa 
(1000  kilos.)  of  borax  should  be  dissolved  at  once,  in  order  to  obtain  crystala  of  a 
marketable  size.  Whenever  this  solution  has  become  boiling  hot,  it  must  be  run  ofi"  into 
large  crystallizing  lead  chests  of  the  form  of  inverted  truncated  pyramids,  famished  with 
lids,  enclosed  in  wooden  frames,  and  surrounded  with  mats  to  confine  the  heat.  For  • 
tontinuous  bu«iness,  there  should  be  at  least  18  vessels  of  this  kind ;  as  the  solntron 
takes  a  long  time  to  complete  its  crystallization,  by  cooling  to  3(f  C.  (86°  F.)  The  bo- 
mx  crystals  dre  taken  out  with  chisels,  after  the  liquor  has  been  drawn  ofi",  and  the  whole 
has  become  cold. 

One  hundred  parts  of  thep^irest  acid,  usually  extracted  from  the  lakes  of  Tuscany,  eon- 
tola  only  fifiy  parts  of  the  real  boracic  acid,  and  yield  no  more,  at  the  utmost,  than  140 

or  150  of  good  borax. 

Dry  borax  nets  on  the  metallic  oxydes  at  a  high  temperature,  in  a  very  remarkable 
manner,  oiclting  and  vitrifying  them  into  beautiful  colored  glasses.  On  this  aeconnt,  it 
is  a  m(»si  Mseful  renceni  for  the  blowpipe.  Oxyde  of  chrome  tinges  it  of  an  emerald 
green ;  oxydt  of  cobalt,  an  intense  blue ;  oxyde  of  copper,  a  pale  creen ;  oxyde  of  tin, 
opal ;  oxyde  ol^  iron,  bottlc-preen  and  yrllow ;  oxyde  of  maneanese,  violet ;  oxyde  of  nickel, 
pale  emerald  greeo.  'I'lic  white  oxydes  impart  no  color  to  it  by  themselves.  In  the  fu- 
sion of  melals,  borax  protects  Iheir  surface  from  oxydizement,  and  even  dissolves  away 
any  oxydes  formed  upon  them  ;  by  which  twofold  atiency  it  becomes  an  excellent  flux,  in- 
valuable to  the  goWsiniih  in  soldering  the  precious  melals,  and  to  the  brasier  in  soldering 
copper  and  iron. 

Borax  absorbs  muriatic  ai4  sulphurous  acid  gases,  but  no  others,  whereby  it  becomei^ 
in  this  respect,  a  useful  mrans  of  analysis. 

The  strength  or  purity  of  borax  may  be  tejsted  by  the  quantity  of  sulphuric  acid  reqai- 
site  to  neutralize  a  criven  weight  of  U,  qs  indicated  by  tincture  of  litmus. 

When  mixed  with  shell-lac  in  the  iiroporlion  (  f  one  part  to  five,  Iwrax  renders  that 
resinous  body  soluble  in  water,  and  f<)rm^  with  it  a  species  of  varnish. 

Boracic  acid  is  a  compound  of  3M9  of  botun,  and  (\S-Bi  oxygen,  in  100  parts.  Its 
prime  equivalent  referred  to  oxygen  100,  is  87l*9t>. 

The  following  process  for  refining  the  native  Indian  borax  ot  tincal,  has  been  pnblisheil 
bf  MM.  Robiquct  and  Marchand  : —  • 

It  is  put  into  large  tubs,  covered  with  water  for  3  or  4  inches  abo>«  its  surface,  and 
stirred  through  it  several  times  during  six  hours.  For  400  pounds  of  th«  tincal,  there 
mast  now  be  added  one  pound  of  quicklime  diffused  through  two  quarts  of  water.  Nest 
day  the  whole  is  thrown  upon  a  sieve,  to  drain  off  the  water  with  the  impurities,  eon- 
sisting,  in  some  measure,  of  the  fatty  matter  combined  with  the  lime,  as  an  insolnble 
soap.  The  borax,  so  far  purified,  is  to  be  dissolved  in  2^  times  iu  weight  of  ftoiliag 
water,  and  eight  pounds  of  muriate  of  lime  are  to  be  added  for  the  above  quantity  of  bo- 
rax. The  liquor  is  now  filtered,  evaporated  to  the  density  of  18®  or  20°  B.  (M4  to  V1& 
sp^  grav.),  and  set  to  crystallize  in  vessels  shaped  like  inverted  pyramids,  and  lined  witb 
Ind.  At  the  end  of  a  few  days,  the  crystallization  being  completed,  the  mother  witens 
are  drawn  off,  the  crystals  are  detached  and  dried.  The  loss  of  weight  in  this  operation 
is  about  20  per  cent. 

The  quantity  of  borax  imported  into  the  United  Kingdom  in  1835  was  335,224  pounds  f 
lAiereof  122,022  pounds  were  exported.  The  duty  is  lOs.  upon  the  refiaed,  and  49h' 
VMBfined. 
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BOOKBINDING  is  the  art  of  tewing  together  the  sheets  of  a  hook,  and  fleevrfnt 
beat  with  a  haek  and  side  hoards.  Binding  is  distinguished  Oom  stitching,  whicli  m 
merely  sewing  the  leaves  without  bands  or  backs;  and  from  half-binding,  which  eoii> 
lirtt  in  seenring  the  back  only  with  leather,  the  pasteboard  sides  being  correrctl  with 
U«e  or  marble  paper ;  whereas  in  binding,  both  the  back  and  sides  are  covered  wMi 


Bookbiiiding,  according  to  the  present  mode,  is  performed  in  the  following  manner : 
The  tbeels  are  first  folded  into  a  certain  nnmber  of  leaves,  according  to  the  form  ift 
vfcldi  the  book  is  to  appear ;  viz.,  two  leaves  for  folios,  four  for  quartos,  eight  Ar 
ocfavoa,  twelve  for  duodecimo^  &c.  This  is  done  with  a  slip  of  ivory  or  boxwood, 
called  a  folding-stick ;  and  in  the  arrangement  of  the  sheets  the  workmen  are  directed 
hf  the  catch-words  and  signatures  at  the  bottom  of  the  pages.  When  the  leaves  are  tho^ 
Mdcd  and  arranged  in  proper  order,  they  are  usually  beaten  upon  a  stone  with  a  hetirf 
ksBimer,  to  make  them  solid  and  smooth,  and  are  then  condensed  in  a  press.  AAer 
this  prepnration  they  are  sewed  in  a  sewing  press,  upon  cords  or  packthreads  called 
huMftt,  which  are  kept  at  a  proper  distance  from  each  other,  by  drawing  a  thread  throogii 
tke  middle  of  each  sheet,  and  turning  it  round  each  band,  beginning  with  the  first  and 
proceeding  to  the  last.  The  number  of  bands  is  generally  six  for  folios,  and  fiveftr 
qoartos,  or  any  smaller  size.  The  backs  are  now  glued,  and  the  ends  of  the  bands  art 
opened,  and  scraped  with  a  knife,  that  they  may  be  more  conveniently  fixed  to  the  paste- 
honrd  ttdes;  aAer  which  the  back  is  turned  with  a  hammer,  the  book  being  fixed  in  n 
I  between  boards,  called  backing  boards,  in  order  to  make  a  groove  for  admitting  the 


pastdioard  sides.  When  these  sides  are  applied,  holes  are  made  in  them  for  drawing 
the  bands  through,  the  superAooos  ends  are  cut  off,  and  the  parti  are  hammered 
sBMoth.  The  book  is  next  pressed  for  cutting ;  which  is  done  by  a  particular  machine 
called  the  plough,  to  which  is  attached  a  knife.  See  the  figures  and  deseripCiotts  injra. 
It  is  then  put  into  a  press  called  the  cutting  press,  betwixt  two  hoards,  one  of  whidk 
lies  even  with  the  pra>s,  for  the  knife  to  run  upon ;  and  the  other  above  for  the  kniAr 
to  cat  agninsit.  AAer  this  the  pasteboards  are  cut  square  with  a  pair  of  iron  shears; 
nad  Inst  of  all,  the  colors  are  sprinkled  on  the  edaes  of  the  Jeavef,  with  a  brash  made 
cf  bog's  bristles;  the  brush  being  held  in  the  one  hand,  and  the  hair  moved  with  the 
ether. 

Difliemt  kuids  of  binding  are  distinguished  by  different  names,  such  as  law  binding, 
■wfMe  binding,  French  binding,  Dutch  binding,  &c.  In  Dutch  binding,  the  backs  are 
vdhnn.  In  French  binding  a  slip  of  parchment  is  applied  over  the  back  between  each 
%Mid,  and  the  ends  are  pasted  upon  the  inskle  of  each  pasteboard.  This  indorsing,  as  a 
is  called,  is  peeulhur  to  the  French  binders ;  wAo  are  enjoined,  by  special  orrfowitfiicjf,  to 
lack  their  books  with  parchment.  The  paroihment  is  applied  in  the  press,  aAer  the  back 
feat  been  grated  to  make  the  paste  take  hoU*  The  Italians  still  bind  in  a  coarse  thick 
paper,  end  this  they  call  binding  alia  rv^tica.  U  is  extremely  inconvenient,  as  it  is  lia- 
ble to  wear  without  particular  cnre*   

A  patent  was  obtained  in  1799  by  Mesir>.  J'ohn  and  Joseph  Williams,  stationen  in 
London,  for  an  improved  method  of  bindidg  books  of  every  description.  The  improve- 
Mrt  eonnsts  of  a  back,  in  any  curved  fonn,  turned  a  little  at  the  edges,  and  made  of 
■oa,  rteel,  copper,  bran,  tin,  <r  of  iv^ry,  bone,  wood,  vellnm,  or,  in  short,  any  material 
ifsafficicat  firmness.  This  back  '}»  PUt  on  the  book  before  it  is  bound,  so  as  just  to 
mer  wiihoot  pressing  the  edges/  nnd  the  advantage  of  it  is  that  it  prevents  the  book» 
when  opibed,  from  spreadinK ^^^j  causes  it  to  rise  in  any  part  to  nearly  t 
ktel  sarfoce.  In  this  metM  ^  binding  the  sheeu  are  prepared  in  the  usual  manner, 
Ihoi  sewed  on  veUvm  9^V^y  ^Hied,  cut,  ck)lhed,  and  boarded,  or  half  boarded;  the  firH 
kcfc  is  then  fasteaed  if  the  sides  by  vellum  drawn  through  holes,  or  secured  by  endosiaf 
ii  m  vcflvn  or  forret  wran«rs,  or  other  materials  pasteddown  upon  the  boards,  or  drawn 


A  laicBt  wna^kewise  obtained  in  1800  by  Mr.  Ebenezer  Palmer,  a  London  stationeTi 
Aria  an^v«d  way  of  binding  books,  particukrly  merchants'  account-books.  Thil  mi- 
psiiwl  ma  been  described  as  follows : — let  several  small  bars  of  metal  be  provided, 
absat  Ihtf  thickness  of  a  shilling  or  more,  according  to  the  size  and  thickness  of  the 
Ink ;  the  length  of  each  bar  being  from  hidf  an  inch  to  several  inches,  in  proportion  to 
it  sbength  required  in  the  back  of  the  book.  At  each  end  of  every  bar  let  a  pivot  be 
nsis  sfdiflercnt  lengths,  to  correspond  to  the  thickness  of  two  links  which  they  are  tp 
tmmtm  Eaieh  link  omat  be  made  in  an  oval  form,  and  contain  two  holes  proportioned 
lilhtMe  ef  the  pivots,  these  TrnkB  to  be  the  same  metal  as  the  hinge,  and  each  of 
lh«  Kari^  efonl  in  length  to  the  width  of  two  bars.  The  links  are  then  Id  be  riveted 
« Ihi  piv0ti»  ench  pivot  receivimr  two  of  them,  and  thus  holding  the  hinge  together, 
itii  pmeiple  of  a  lipk-chain  or  hinge.  There  must  be  two  holes  or  more  of  different 
mmtumt^  be  leqnired,  on  each  bar  of  the  hinge  or  chain ;  by  means  of  these  holcn 
MniioB    Ike  hoak  is  slronglj  fostened  to  the  hin«e  whach  opemies  with  the  bndk 
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of  the.  book,  when  bound,  in  such  a  manner  as  to  make  the  different  sectioas  parmBd 
with  each  other,  and  thus  admit  writing  without  inconvenience  on  the  ruled  linear  dote 
to  the  back. 

The  leather  used  in  covering  books  is  prepared  find  applied  as  follows:  h^ng  firrt 
moistened  in  water,  it  is  cut  to  the  size  of  the  book,  and  the  thickness  of  the  edge  ii 
paired  off*  on  a  marble  stone.  It  is  next  smeared  over  with  paste  made  of  wheat  Aoar, 
stretched  over  the  pasteboard  on  the  outside,  and  doubled  over  the  edges  within.  The 
book  is  then  corded,  that  is,  bound  firmly  betwixt  two  boards,  to  make  the  cover  stidL 
strongly  to  the  pasteboard  and  the  back ;  on  the  exact  performance  of  which  the  neat- 
ness of  the  book  in  a  great  measure  depends.  The  back  is  then  warmed  at  the  fire  to 
A>flen  the  glue,  and  the  leather  is  rubbed  down  with  a  bodkin  or  folding  stick,  to  set  and 
fix  it  close  to  the  back  of  the  book,  it  is  now  set  to  dry,  and  when  dry,  the  boarda  are 
iteioved ;  the  book  is  then  washed  or  sprinkled  over  with  a  little  paste  and  water,  the 
edges  and  squares  blacked  with  ink,  and  then  sprinkled  fine  with  a  brush,  by  strikiikg  it 
against  the  hand  or  a  stick ;  or  with  large  spots,  by  beinsc  mixed  with  solution  of  green 
vitriol,  which  is  called  marbling.  Two  blank  leaves  are  then  posted  down  to  the  eofer, 
and  the  leaves,  when  dry,  are  burnished  in  the  press,  and  the  cover  rolled  on  the  edges. 
The  cover  is  now  glazed  twice  with  the  white  of  an  egg,  filleted,  and,  last  of  all,  poUshed, 
by  passing  a  hot  iron  over  the  glazed  color. 

The  employment  in  bookbinding  of  a  rolling  press  for  smoothing  and  condensing  the 
leaves,  instead  of  the  hammering  which  books  have  usually  received,  is  an  improvement 
introduced  several  years  ago  into  the  trade  by  Mr.  W.  Burn.  His  press  consists  of  two 
iron  cylinders  about  a  foot  in  diameter,  adjustable  in  the  usual  way,  by  means  of  a  screw, 
and  pnt  in  motk>n  by  the  power  of  one  man  Or  of  two,  if  need  be,  applied  to  one  or  two 
winch-handles.  In  front  of  the  press  sits  a  boy  who  srathers  the  sheets  into  packets,  by 
placing  two,  tbree^  or  four,  upon  a  piece  of  tin  plate  of  the  same  size,  and  covering  them 
with  another  piece  of  tin  plate,  and  thus  proceeding  by  alternating  tin  plates  and  bundles 
of  sheets  till  a  snffichnt  quantity  have  been  put  together,  which  will  depend  on  the  stiff- 
ness and  thickness  of  the  paper.  The  packet  is  then  passed  between  the  rollers  and  re- 
ceived by  the  man  who  lurns  the  winch,  and  who  has  time  to  lay  the  sheets  on  one  side, 
and  to  hand  over  the  tin  plates  by  the  time  that  the  boy  has  prepared  a  second  packet 
A  minion  Bible  may  be  i«issed  tliroush  the  press  in  one  minute,  whereas  the  time 
necessary  to  beat  it  would  be  twenty  minutes.  It  is  not,  however,  merely  a  saving  of 
lime  that  is  gained  by  the  use  of  the  rolling-press;  the  paper  is  made  smoother  than  it 

would  have  been  by  beating,  and  the  compression  is 
so  much  greater,  that  a  rolled  book  will  be  reduced 
to  about  five  sixths  of  the  thickness  of  the  same  book 
if  beai-n.    A  shelf,  therefore,  that  will  hold  fifty 
books  hftund  in  the  usual  way  would  hold  nearly 
sixvy  of  those  bound  in  this  manner,  a  circumstance 
of  no  small  importance,  when  it  is  considered  how 
large  a  space  ?vcn  a  moderate  library  occupies,  and  J 
that  book  cases  hre  an  expensive  article  of  furniture.  - 
The  rolling  press  vj  now  substituted  for  the  hammer  - 
by  several  couiideraUe  bookbinders. 

Fig,  141  reprt^ents  ihe  sewing-press,  as  it  stands^ 
upon  the  table,  bobre  \fhich  the  bookbinder  sits.  - 
Fig,  142  is  a  grouna  plan,  without  the  ptrts  a  vidM 

n  in  the  former  fii?urt.  a  k  the  base-board,  sup  

ported  upon  the  cross  bark  n,  marked  with  dotlcdJS 
lines  in  fig.  142.  Upon  the  screw  rods  r  r,fig.  141,  the  nuts  /  d  su^e  it  fix  the  fiat  uppers 
bar  n,  at  any  desired  distance  from  the  base.  That  bar  Yfks  a  slit  aloagr  jts  siiddle,  throngh^ 
which  the  hooks  below  e  z  pass  down  for  receiving  the  ends  of  th%  sewhig  cords  p 

fixed  at  y  y,  and  stretched  by  the  ti4imb-berews  z  z^mm 
The  bar  y  y  is  let  into  an  oblong  spac*  cut  out  of  th^tf 
front  edge  of  the  base-board,  and  fixeo  there  by 
moveable  pin  a,  and  a  fixed  pin  at  its  other  t«d,  nrand^ 
which  it  turns. 

Fig,  143  is  the  bookbinder's  cutting-press,  wMchi^ 
set  upright  upon  a  sort  of  chest  for  the  reception  oT^ 
the  paper  parings ;  and  consists  of  three  sides,  beinf^ 
open  above  and  to  the  left  hand  of  the  workman.^ 
Tlie  pressbar,  or  beam  a,  has  two  holes  n  %  upon  it^ 
under  surface,  for  securing  it  to  two  pegs  standing  oai^ 
the  top  of  the  chest.  The  screw  rods  1 1  pass  througl^ 

  two  tapped  holes  in  the  bar,  marked  with  b  c  mx  \  ^ 

•pper  end;  their  heads  r  r  being  heU  by  the  shouklen  o  o.  The  heads  are  pierced  ^ 
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noles  into  which  lever  pins  are  thrust  for  screwing  the  rods  hard  up.  The  heavy  beim 
a  remains  immoveable,  while  the  parallel  bar  with  the  book  is  brought  home  towards  it 
by  the  two  screws.  The  two  rulers  »  s  serve  as  guides  to  preserve  the  motions  tmly 
parallel ;  and  the  two  parallel  latl^  bars  b  c  guide  between  them  the  end  bar  c,  of  the 
pkMigh,  whose  knife  is  shown  at  t,  with  its  clamping  screw  z. 

Mr.  Oldham,  printins:  engineer  of  the  Bank  of  England,  distinguished  for  mechanical 
mgenoity,  has  contrived  a  convenient  machine  for  cutting  the  edges  of  books,  banknotes, 
Ice.,  either  truly  square  or  polygonal,  with  mathematical  precision.  Fig.  144,  represents 
aa  end  elevation  of  the  machine.  Fig.  145,  a  side  view  of  the  same,  the  letters  of 
reference  indicating  the  same  parts  of  the  machine  in  each  of  the  figures. 

is  the  top  croj«  bar  with  rectangular  grooves  6  6;  c  c,  are  side  posts ;  d  d,  cross  feet 
to  the  same,  with  strenzthenin;;  brackets;  e  e,  a  square  box,  in  which  the  press  stands, 
fiir  holding  waste  cuttings.  Fig.  146,  is  u  ci-uss  section  of  the  upright  posts,  c  c,  taken 
horizontally.  There  are  rectangular  grooves  in  the  up>  i(;ht  posts,  for  the  projecting  ends 
of  the  cast  iron  cross  bracket /,  to  slide  up  and  down  in.  In  the  middle  of  the  under-side 
y  this  piece  /,  there  is  a  boss,  within  which  is  a  round  recess,  to  receive  the  top  of  the 
^erew  g,  which  works  in  the  cast  iron  cross  piece  h,  similarly  made  with  the  former,  hot 
Mted  llrmly  to  the  posts  c  c.   Upon  the  screw  g,  there  is  a  circular  handle  or  ring  t,  for 


144  145 


'yartially  taming  the  screw,  and  immediately  over  it  cross  holes  fir  ti^htenin^:  the  press 
^  means  of  a  lever  bar.  Upon  the  cross  piece  /,  is  boiled  the  b  »arJ  and  upon  each 
«ad  of  this  board  is  made  fa^t  the  rabbeted  pieces  k  k,  for  aiolUer  board  /,  to  slide  in. 


the  middle  of  this  board,  and  parallel  to  the  pieces  fe  fe,  the  tongue  piece  m  is 
^•ie  fast,  which  fits  into  a  groove  in  the  bottom  of  board  /.  A  horizontal  representation 
^ikiiis  seen  at  fig,  147,  and  immediately  under  this  view  is  also  seen  an  end  view  of  I 
^/»  connected  together,  and  a  side  view  of  /  by  iUelf.   In  the  middle  of  the  boaid  1^ 
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Il  ft  ]n  fixr  a  circular  board  n,  to  turn  upon,  and  upon  this  letter  board  is  placed  the 
^  Material  to  be  cat,"  with  a  saring  piece  between  il,  and  the  circular  piece  which  is  t9 
be  divided  upon  its  ed^  into  any  number  of  parts  required,  with  a  stationary  index  ob 
tkt  board  I,  to  point  to  each. 

It  will  now  be  understood  that  the  material  to  be  cut/'  may  be  turned  nrand  upoa 
the  eentre  pin  of  the  board  n,  and  also  that  both  it  and  the  board  can  be  shifted  back- 
WBfi  and  forward  under  the  top  cross  piece  a,  and  between  the  side  slide  siHpskk,  the 
Mrftees  of  which  should  also  be  divided  into  inches  and  tenths. 

The  ploogli,  Jig.  148,  shown  in  several  positions,  is  made  to  receive  two  knives  or 
eatters  as  the  material  to  be  cut"  may  require,  and  which  are  situated  in  the  ploufh 
^  I  ftow  describe.  The  plough  is  composed  of  three  principal  parts,  namely,  the  top, 
tirl  ils  two  sides.  The  top  o,  is  made  the  breadth  of  the  cront  piece  a,  and  with  a 
made  fast  thereon.  The  sides  p  p,  are  bolted  thereto,  with  bolts  and  nuts  threogh 
sides.   The  fiisures  below  cive  inside  views,  tii 


ding  holes  in  the  top  and  sides.  The  fiisures  below  cive  inside  views,  i 
sections  of  the  details  of  the  manner  in  wliich  the  cutters  and  ndjostments  arf 
OMnuitcd.  A  groove  is  cut  down  each  cheek  or  side,  in  which  are  placed  screws  that 
sve  held  at  top  and  bottom  from  movin:?  up  and  down,  but  by  turnins^  they  eaase  the 
■Pits  upon  them  to  do  so ;  they  are  shown  at  q  q.  These  nuts  have  each  a  pin  projeetiiig 
'  inwards,  that  go  into  plain  holes  made  in  the  top  ends  of  cutters  r  r.  The  148th  and 
Ibllowing  figs,  are  i  in  scale. 

The  cutters,  and  the  work  for  causing  them  to  po  up  and  down,  are  sunk  into  the 
cheeks,  so  as  to  be  quite  level  with  their  inner  surfaces.  Fif^  149  shows  one  of  those 
screws  apart,  how  fixed,  and  with  moveable  nut  and  projecting  pin.  The  top  of  each 
screw  terminates  with  a  round  split  down,  and  above  it  a  pinion  wheel  and  boss  therrai, 
■bo  simQarly  split.  This  pinion  fits  upon  the  split  pin.  Above,  there  is  a  cross  sectioa 
ofaholk>w  coupling  cap  with  steel  tongue  across,  that  fits  into  both  the  cats  of  the  screw 
pin  and  pinion  boss,  so  that  when  lowered  upon  each  other,  they  must  all  turn  tosether. 
in  the  middle  and  on  the  top  of  the  upper  piece  o,  the  larger  wheel  «,runs  kwse  upon  ils 
centre,  and  works  into  the  two  pinion-wheels  t  /.  The  wheel «  has  a  fly-nut  with  wings 
mounted  upon  it. 

It  will  now  be  seen,  when  the  plough  is  in  ils  place  as  at  Jig,  150,  that  if  it  be  poshed 
to  and  fro  by  the  right  hand,  and  the  nut  occasionally  turned  by  the  left,  the  knives  or 
cutters  will  be  protruded  downwards  at  the  same  time,  and  these  either  will  or  wiU  not  VI 
advance  as  the  coupling  caps  uu  are  on  or  off    The  ribsvr,  run  in  the  grooves  hb^  «^ 
Jig.  144,  and  keep  the  cutters  to  their  duty,  working  steadily.   The  top  cross  bar  if,  is  the 
exact  breadth  of  a  bank-note,  by  which  means  both  knives  are  made  to  cut  at  the  suae  -^^^ 
time.   The  paper  is  cut  uniformly  to  one  length,  and  accurately  square. 

By  the  use  of  this  machine,  the  air-pump  paper-wetting  apparatus,  and  appendant  :V  '1 
press,  the  paper  of  45,000  notes  is  fully  prepared  in  one  hour  and  a  half  by  one  person,,  ^  ^ 
and  may  then  be  printed.  It  is  not  so  much  injured  by  this  process  as  bv  the  ordinary  "^Cf 
method  of  clipping  by  hand,  soaking  it,  &c.,  which  more  or  less  opens  and  weakens  the  — »  « 
fabric,  especially  of  bank-note  paper. 

One  of  the  greatest  improvements  ever  made  in  the  art  of  bookbinding  is,  apparently, 
that  for  which  Mr.  William  Hancock  has  very  recently  obtained  a  patent.    After  ■ 

folding  the  sheets  in  double  leaves,  he  places  them  vertically,  with  the  edges  forming  the  

back  of  the  book  downwards  in  a  concave  mould,  of  such  rounded  or  semi-cylindrical 
shape  as  the  back  of  the  book  is  intended  to  have.   The  mould  for  this  purpose  consists-^^^ 
of  two  parallel  upright  boards,  set  apart  upon  a  cradle  frame,  each  having  a  portion  or — 
portions  cut  out  vertically,  somewhat  deeper  than  the  breadth  of  the  book,  but  of  a  width 
nearly  equal  to  its  thickness  before  it  is  pressed.    One  of  these  upright  boards  may  be^^^^ 
didden  nearer  to  or  farther  from  its  fellow,  by  means  of  a  guide  bar,  attached  to  the  sole 
of  the  cradle.   Thus  the  distance  between  the  concave  bed  of  the  two  vertical  slots  i 
which  the  book  rests,  may  be  varied  acconline  to  the  length  of  the  leaves.    In  all  i 
abuat  one  fourth  of  the  length  of  the  book  at  each  end  projects  beyond  the  board;  i. 
that  one  half  rests  between  the  two  boards.   Two  or  three  packthreads  are  now  bound  J 
round  the  leaves  thus  arranged,  from  top  to  bottom  of  the  page  in  different  lines,  in. 
order  to  preserve  the  form  given  to  the  back  of  the  mould  in  which  it  lay.   The  book  is-i 
next  subjected  to  the  action  of  the  press.   The  back,  which  is  lefi  projecting  tery  «/<gft/^ " 
\n  front,  is  then  smeared  carefully  by  the  finsers  with  a  solution  of  caoutchouc,  whereby- 
each  paper-edge  receives  a  small  portion  of  the  cement.   In  a  few  hours  it  is  sufficiently 
dry  to  take  another  coal  of  a  somewhat  stronger  caoutchouc  solution.    In  48  hours,  4  ap 
plications  of  the  caoutchouc  may  be  made  and  dried.   The  back  and  the  adjoining 
of  the  sides  are  next  covered  with  the  usual  band  or  fillet  of  cloth,  glued  on  vrith 
ehonc ;  after  which  the  book  is  ready  to  have  the  boards  attached,  and  to  be  cove 
leather  or  parchment  as  may  be  desired. 

»ee  that  Mr.  Hancock  dispenses  entirely  with  the  operations  of  stitching^ 
•ewing,  sawing-in,  hammering  the  back,  or  the  use  of  paste  and  glue.   Instead  of  kftvefl 
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«ltMhed  by  Uuetd  lUtelies  ftt  2  or  3  points,  we  have  them  agglotinated  leeurely  along 
their  whole  length.  Books  bound  in  this  way  open  bo  peirfectly  flat  upon  a  table 
without  strain  or  resilience,  that  jUiey  are  equally  eomfortable  to  the  student,  the  musician, 
«ad  the  merchant.  The  caoutchouc  cement  moreover,  being  repulsive  to  insects,  and  not 
affected  by  humidity,  gives  this  mode  of  binding  a  great  superiority  over  the  old  methofT 
with  paste  or  glue,  which  attracted  the  ravages  of  the  moth,  and  in  damp  situations 
allowed  the  book  to  fall  lo  pieces.  For  engraving?,  atlases,  and  legers,  this  binding  is 
admirably  adapted,  because  it  allows  ihc  pages  to  be  displayed  most  freely,  without  the 
risk  of  dislocating  the  volume ;  but  for  security,  3  or  4  stitches  shonld  be  mnde.  The  leaves 
oT  nusic-books  bound  with  caoutchouc,  when  turned  over,  lie  flat  at  theii  whole  extent, 
as  H*  in  loose  sheets,  and  do  not  torment  the  musician  like  the  leaves  of  the  oniinary 
books,  which  are  so  ready  to  spring  back  again.  Manuscripts  and  collections  of 
leUeis  which  happen  to  have  little  or  no  mar(>in  lefl  at  the  back  for  stitching  them  by, 
may  be  bound  by  Mr.  Hancock's  i)lan  without  the  least  encroachment  upon  the  writing. 
^Iie  thickest  legers,  thus  bound,  open  as  easily  as  paper  in  quire,  and  may  be  written  as 
wp  to  the  iooermosi  margin  of  the  book  without  the  least  inconvenience. 

Having  ios|iected  various  specimens  of  Mr.  Hancock's  workmanship,  I  willingly  bear 
testimony  to  the  truth  of  the  preceding  statement.    See  Cloth  Binding.  * 

BOTTLE  MANUFACTURE.  The  fol- 
lowing mechanism  for  moulding  bottles 
forms  the  subject  of  a  patent  obtained  by 
Henry  Kickets  of  Bristol,  in  1822.  f  Vg.  166 
is  a  section  of  the  apparatus,  consisting  of 
a  square  frame,  a  a,  of  iron  or  wood ;  this 
is  fixed  in  a  pit  formed  in  the  floor;  bh 
is  the  base  of  the  frame,  with  an  aper- 
ture for  knocking  up  the  bottom  of  the 
botfle ;  c  c  are  four  legs  secured  to  the 
frame- floor  6,  upon  which  the  mould  is 
supnorted.  The  platform  or  stand  of  the 
mould  d  d  has  an  opening  in  its  centre  for 
tlie  introiluction  of  the  bottom  of  the 
mould,  which  is  raised  aeainst  the  bottoai 
of  the  buttle  by  tlie  knocker-up;  e  €  are 
the  sides  of  the  mould ;  and  //is  the  top 
of  (he  mould  in  two  pieces,  turning  over 
u]x)n  the  joints  nt  g  g,  so  as  to  form  the 
neck  of  the  bottle ;  h  h  are  levers  or  arms 
for  mising  and  depressing  the  top  pieces; 
t  t  is  a  horizontal  shall  or  axle,  turning  in 
bearings  at  each  end,  from  which  shaft  two 
le\'ers,  k  k,  extend ;  these  levers  are  con- 
nected by  upriiiht  rods,  /  /,  to  the  levers  or 
om^  h  A,  of  the  top  pieces  //, 

The  weishl  of  the  arms  h  h,  and  rods  /  /,  will,  by  their  gravity,  cause  the  top  pieces 
to  open,  as  sliown  by  the  dotted  lines;  in  this  situation  of  the  mould,  the  melted  glass 
« to  be  introduced  h*v  a  tube  as  usual.  The  workman  then  steps  with  one  foot  upon 
the  knob  m,  which  forces  down  the  rod  n,  and  by  means  of  a  short  lever  o,  extending  from 
<lie  shaft  i,  forces  down  the  top  pieces  /,  and  closes  the  mould,  as  seen  in  the  figure;  the 
?l»ss  is  then  made  to  extend  itself  to  the  shape  of  the  mould,  blowing  os  usual,  so  as 
to  forai  the  bottle,  and  the  woikman  nt  this  time  putting  his  other  foot  upon  the  knob 
^lepresses  the  rod  g,  and  hence  raises  the  bottom  of  the  mould  by  means  of  the  knocker- 
ip,  r,  oo  as  to  form  the  bottom  of  the  bottle. 

At  the  bottom  of  the  mould  a  rinar  is  introduced  of  any  recjuired  thickness,  for  the 
Purpose  of  regulating  the  capacity  of  the  bottle ;  upon  which  ring  it  is  proposed  to 
•^se  letters  and  figures,  as  a  mould  to  imprint  the  maker's  name  and  the  size  of  the 
^Itlc.  Tliesc  moulds  can  be  removed  and  changed  at  pleasure!  Under  the  knob 
•  collar  or  washer  is  to  be  introduced,  of  any  required  thickness,  to  regulate  the 
locking  up  of  the  bottom,  by  which  a  perfect  symmetry  of  form  is  presented.  In 
^rder  to  make  bottles  of  dili'erent  sizes  or  forms,  the  mould  is  intended  to  be  removed, 
^d  its  place  supplied  by  another  mould  of  different  dimensions  and  figure;  the  lower 
l^^rts  of  all  the  moulds  being  made  to  fit  the  same  frame.  Such  a  mould  ought  to  be 
Prescribed  by  legislative  enactment,  with  an  excise  stamp  to  define  the  capacity  of  every 
WtUe,  and  thereby'  put  an  end  to  the  interminable  frauds  committed  in  the  measare  m 
^lae  and  all  other  liquors  sold  by  the  bottle. 

BOUGIE.  A  smooth,  flexible,  elastic,  slender  cylinder,  introduced  into  the  urethra, 
awttw^  or  eesophagus,  for  opening  or  dilating  it,  in  cases  of  stricture  and  other  diseesei. 
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The  myention  of  this  iastrument  is  claimed  by  Alderoto.  a  Portngaese  phytician,  bol  its 
form  and  uses  were  first  desicribed  by  his  fupil  Amatas,  in  the  year  1554.  Some  are 
■did,  and  some  hollow ;  some  corrosive,  and  $omc  moUiQrinsr.  They  senerally  owe  their 
elasticity  to  linseed  oil,  inspissated  by  h)ng  boilin;,  aad  rendered  drying  by  Mthaixe. 
"This  viscid  matter  is  spread  upon  a  very  fine  cord  or  fibular  wcb'of  cotton,  flax,  or  lilk, 
which  is  rolled  upon  a  slab  when  it  becomes  nearly  solid  by  dn  ing,  and  is  finally  polished 
in  the  same  way. 

Pickd,  a  French  professor  of  medicine,  pnblished  the  following  recipe  Ibr  the  eom- 
position  of  bouj^es.  Take  3  parts  of  boilf*d  linseetl  oil,  one  part  of  amber,  and  one 
of  oil  of  turpentine;  melt  and  mix  these  ingredients  well  together,  and  spread  At 
eomponnd  at  three  successive  intervals  upon  a  ^ilk  cord  or  web.  Place  the  pieeei 
10  coated  in  a  stove  heated  to  150°  F. ;  leave  them  in  it  for  12  houn,  adding  15 
sr  16  fresh  layers  in  succession,  till  the  instruments  have  acquired  the  proper  die. 
P6Ush  them  first  with  pumice-stone,  and  finally  smooth  with  tripoli  and  oil.  This  pro- 
eess  if  the  one  still  employed  in  Paris,  with  some  slight  modificniioQs ;  the  ehief  ^ 
which  is. dissolving  in  the  oil  one  twentieth  of  its  weit^ht  of  caoutchouc  to  render  the 
tid»tanee  more  solid.  For  this  purpose  the  caoutchouc  must  be  cut  into  slender 
fbreds,  and  added  gradually  to  the  hot  oil.  The  silk  tissue  must  be  fine  and  open,  to 
admit  of  the  composition  entering  frcdy  among  its  filaments.  Each  successive  kycr 
•aght  to  be  dried  first  in  a  stove,  and  then  in  the  open  air,  before  another  is  applkd. 

process  takes  two  months  for  its  completion,  in  forming  tlie  best  bougies  called 
ctsf/te;  which  ought  to  bear  twislini?  round  Ihe  fin:^  without  cracking  or  scaling,  and 
extension  without  sivins;  way,  but  retraclinsf  when  let  ifo.  When  the  bougies  are  to  be 
hollow,  a  mandril  of  iron  wire,  pro|)eily  bent  witli  a  rin?  at  one  end,  is  introduced  into 
the  axis  of  the  silk  tissue.  Some  bougies  are  umde  with  a  hollow  axis  of  tin  foil  nded 
into  a  slender  tube.  Boucies  are  alsu  made  entirely  of  caoutchouc,  by  the  intenrentioB 
of  a  solution  of  this  substance  in  sulphuric  ether,  n  menstruum  sufficiently  cheap  ia 
France,  on  account  of  the  low  duty  ufK>n  alcohol.  There  are  medicated  bougies,  the 
composition  of  which  belongs  to  sursical  pharmacy.  The  manufacture  of  these  instm> 
ments  of  various  kinds  forms  a  separate  and  no  incon>i<lerable  biancb  of  industry  at 
Paris.   MM.  Feburger  and  Lamotte  are  eminent  in  this  line. 

BRACES.  {Brelflks,  Fr. ;  Ilonei^rd^er,  Germ.)  Narrow  filleU  or  bands  of  leather 
or  textile  fabric,  which  pass  over  the  shoulders,  and  arc^  nttarhed  beliind  and  before  to 
the  waistbands  of  pantaloons  and  trousers,  in  the  uct  of  wearins?  them,  lor  supporting 
their  weight,  and  tracing  thom  up  to  the  body.  It  is  a  useful  modern  invention,  snpcr- 
sedin?  the  necessity  of  ifirdini;  ih^  belly  with  a  ti-jht  cinlle,  as  in  former  times. 

BRAIDIXG  MACHINE.  \Machme  d  /ace/*,  Fr. ;  BortemrerkersMl,  Germ.)  TTw 
being  employed  not  only  to  manufacture  stay-laces,  braid,  and  uphoUterers*  cord,  hot 
to  cover  the  threaiis  of  caoutchouc  fur  wraving  brace-bands,  deserves  a  description  ia 
this  work.  Three  thre»ls  at  least  are  rcfinired  to  make  such  a  knitted  lace,  but  II,  13, 
or  17,  and  even  29  threads  are  oflen  employetl,  the  firj^t  three  numbers  being  preferred. 
They  are  made  by  means  of  a  fniroc  of  a  vct>'  ingenious  construction,  which  moves  by 
a  continuous  rotation.  We  shall  describe  a  frame  with  13  threads,  from  whieh  th 
ftruclnre  of  the  otiiers  may  be  readily  conceived.    The  basis  of  the  mnehine  consists  c 


four  strong  wooden  uprights,  a,  figs.  156,  157,  158,  occupying  the  four  angles  of  at 
rectangle,  of  which  one  side  is  14  inches  long,  the  other  18  inches,  and  the  height  of  Iher 
recungle  about  40  inches.    Fig,  156  is  a  section  in  a  horizonUl  plane,  passing  through 
tha  line  a  b  of  fig.  157,  which  is  a  vortical  section  in  a  plane  passing  through  the  eeatre  o 
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tke  Mchine  c,  aeecnding  to  the  line  e  d^fig*  156.  The  side  z  is  supposed  to  be  the  front 
of  tbe  frame ;  and  the  opposite  side,  t,  the  back,  b,  six  spindles  or  skewers,  numbered, 
fi«B  1  to  6,  placed  in  a  vertical  position  upon  the  circumference  of  a  circle,  whose  centre 
'    with  that  of  the  machine  at  the  point  c.   These  six  spindles  are  composed. 


1.  Of  w  many  iron  shafts  or  axcM,  supported  in  brass  collets  e  (fig.  157),  and  ex-  ^ 
leiM  downwards  within  six  inchel  of  the  ground,  where  they  rest  in  brass  steps  fixed 
^ipOB  a  horizontal  beam.  2.  Woodea  heads,  made  of  horn-beam  or  nut-tree,  placed,  the 
'flit  spoa  the  u|»per  end  of  each  spindle,  opposite  the  cat-out  beam  f,  and  the  second 
opponte  the  second  beam  g.  3.  Wooden-toothed  wheels,  h,  reciprocally  working 
lofElher,  filaccd  between  the  beam  g  and  the  collet-beam  e.  The  toothed  wheels  and 
the  lower  heads  for  each  spindle  are  in  one  piece. 

Tie  heads  and  shafts  of  tbe  spindles  No.  1  and  6,  are  one  fifth  stronger  than  those  of 
the  other  spindles ;  their  heads  have  five  semicircular  grooves,  and  wheels  of  60  teeth, 
whiie  the  heads  of  the  others  have  only  four  grooves,  and  wheels  of  48  teeth ;  so  that 

t Bomber  of  the  grooves  in  the  six  spindles  is  26,  one  half  of  which  is  occupied  with 
rtems  of  the  pappeU  i,  which  carry  the  13  threads  from  No.  1  to  13.  The  toothed 
iheeb,  which  give  all  the  spindles  a  simultaneous  movement,  but  in  different  directions, 
we  10  disposed  as  to  biing  their  grooves  opposite  to  each  other  in  the  course  oF^ 


I,  the  middle  winglet,  triple  at  bottom  and  quintuple  at  top,  which  serves  to  guide  the 
Vpefs  ia  the  direction  they  ought  to  pursue. 

f,  three  winglets,  single  at  top  and  bottom,  placed  exteriorly,  which  serve  a  like 


a,  two  winglets,  triple  at  bottom  and  single  at  lop,  placed  likewise'  exteriorly,  and 
whieh  serve  the  same  purposes  as  the  preceding ;  m  are  iron  pins  inserted  in  the  cut-out 
kmrn  G,  which  serve  as  stops  or  limits  to  the  oscillations  of  the  exterior  winglets. 

Now,  if  by  any  moving  power  (a  man  can  drive  a  pair)  rotation  be  impressed  upoa 
the  ltfte  spindle  No.  1,  in  the  direction  of  the  arrow,  all  the  other  spindles  will  neces- 
■riij  parsoe  the  rotatory  movement  indicated  by  the  respective  arrows.  In  this  case, 
Ihe  13  iHippets  working  in  the  grooves  of  the  heads  of  the  spindles  will  be  carried  round 
mltaneoasly,  and  will  proceed  each  in  its  turn,  from  one  extremity  of  the  machine  to 
Ihe  opposite  point,  crossing  those  which  have  a  retrograde  movement.  The  13  threads 
nitcd  at  the  point  n,  situated  above  the  centre  of  the  machine,  will  form  at  that  point 
the  braid,  which,  aAer  having  passed  over  the  pulley  o,  comes  between  the 
two  rollers  p  q,  and  is  squeezed  together,  as  in  a  flatting-mill,  where  the 
w^n^  braid  is  calendered  at  the  same  time  that  it  is  delivered.  It  is  obvious 
1/  Hi  ^  that  the  roller  p  receives  its  motion  from  the  toothed  wheel  of  the  spindle 
K^jftp  No.  3,  and  from  the  intermediate  wheels  a,  s,  t,  as  well  as  from  the  endless 
screw  2,  which  drives  at  proper  speed  the  wheel  w,  fixed  upon  the  shaft 
of  the  roller  p. 

I  The  braid  is  denser  in  proportion  as  the  point  v  is  less  elevated  above 

%  ^    the  tops  of  the  puppets ;  but  in  this  case,  the  eccentric  motion  of  these 
!•  r     poppets  is  much  more  sensible  in  reference  to  that  point  towards  whieh 
A     ?i  all  the  threads  converge  than  when  it  is  elevated.   The  threads,  which 
^«  m=^  magt  be  always  kept  equally  stretched  by  means  of  a  weight,  as  we  shall 
presently  see,  are  considerably  strained  by  the  traction,  occasioned  by  the 
constantly  eccentric  movement  of  the  puppets.   From  this  cause,  braid- 
ing machines  most  be  worked  at  a  moderate  velocity.   In  general,  for 
fine  work,  30  turns  of  the  large  spindle  per  minute  are  the  utmost  that  can 
safely  be  made. 

The  puppet  or  spindle  of  this  machine,  being  the  most  important 
piece,  I  have  represented  it  in  section,  upon  a  scale  one  fourth  of  its  ac- 
toal  size.  Jig,  158.  It  is  formed  of  a  tube,  a,  of  strong  sheet  iron  well 
brazed ;  6  is  a  disc,  likewise  of  sheet  iron,  from  which  a  narrow  fillet,  c, 
rises  vertically  as  high  as  the  tube,  where  both  are  pierced  with  holes, 
d  f,  through  which  the  thread  /  is  passed,  as  it  comes  from  the  bobbin, 
g,  which  turns  freely  upon  the  tube  a.  The  top  of  this  bobbin  is  conical 
and  toothed.  A  small  catch  or  detent,  k,  moveable  in  a  vertical  di- 
rection round  t,  falls  by  its  own  weight  into  the  teeth  of  the  crown  of 
the  bobbin,  in  whieh  case  this  cannot  revolve ;  but  when  the  detent  is 
raised  so  far  as  to  disengage  the  teeth,  and  at  the  same  time  to  pull  the 
|u  V  thread,  the  bobbin  turns,  and  leto  out  thread  till  the  detent  falls  back  into 
'        these  same  teeth. 

A  skewer  of  iron  wire,  k,  is  loaded  with  a  small  weight,  /,  melted  upon 
1^  The  top  of  this  skewer  has  an  eye  in  it,  and  the  bottom  is  recurved  as  is  shown  ift 
^  U8»  10  tbnt  nipposing  the  thread  comes  to  break,  this  skewer  falls  into  the  aetnil 
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poBitioii  in  the  figure,  where  we  see  its  lower  end  eztettding  beyond  the  tube  a,  liy 
about  i  of  an  inch;  but  as  long  as  the  thread  is  unbroken,  the  skewer  ky  which  aenrei 
to  keep  it  always  tense,  during  the  eccentric  movement  of  the  puppet,  does  not  pass  oil 
below  the  tube. 

This  disposition  has  naturally  furnished  the  means  of  causing  the  machine  to  stojp^ 
whenever  one  of  the  threads  breaks.  This  inferior  protrusion  of  the  skewer  poshes  u 
its  progress  a  detent,  which  instantly  causes  the  band  to  slide  from  the  driving  puUey  la 
the  loose  pulley.  Thus  the  machine  cannot  operate  unless  all  the  threads  be  entire.  Il 
is  the  business  of  the  operative,  who  has  3  or  4  under  her  charge,  to  mend  the  threadi 
as  they  break,  and  to  substitute  full  bobbins  for  empty  ones,  whenever  the  machine  ii 
stopped. 

The  brai  ling  frame,  though  it  does  not  move  quickly,  makes  a  great  deal  of  noise^  and 
would  make  still  more,  were  the  toothed  wheels  made  of  metal  instead  of  wood.  Fm 
them  to  act  well,  they  should  be  made  with  the  greatest  precision,  by  means  of  appnipii 
ate  tools  for  formini;  the  teeth  of  the  wheels,  and  the  other  peculiar  parts. 

BRAN.  (Son,  Fr. ;  KleUy  Germ.)  The  husky  portion  of  ground  wheat,  aepanued  b§ 
the  bolter  from  the  Aour.  It  is  advantageously  employed  by  the  calico  printers,  in  the 
^clearing  process,  in  which,  by  boiling  in  bran-water,  the  coloring  matters  adhering  to  the 
non-mordanted  parts  of  maddered  goKods,  as  well  as  the  dun  matters  which  dood  the  nor- 
danted  portions,  are  removed.  A  valuable  series  of  researches  concerning  the  operatMNi 
of  bran  in  such  cases  was  made  a  few  years  ago  by  that  distinguished  chemist  and  ealieo 
printer,  M.  Daniel  Kozchlin  Schouch,  and  published  in  the  ninth  number  of  the  Bottetia 
de  la  Soci.'te  Industrielle  de  Mulhausen.  Nine  sets  of  experiments  are  recorded,  whidi 
justified  the  following  conclusions. 

1.  The  dose  of  two  bushels  of  bran  for  10  pieces  of  calico  is  the  best,  the  eboUiliOB 
being  kept  up  for  an  hour.  A  boil  for  the  same  time  in  pure  water  had  no  effect  in  deal- 
ing either  the  grounds  or  the  figures. 

2.  Fifteen  minutes  boiling  are  sufficient  when  the  principal  object  is  to  dear  while 
grounds,  but  in  certain  cases  thirty  minutes  are  requisite  to  brighten  the  dyed  parts.  U, 
by  increasing  the  charge  of  bran,  the  time  of  the  ebullition  could  be  shortened,  it  would 
be  in  some  places,  as  Alsace,  an  economy ;  because  for  the  passage  of  ten  pieces  throagk 
a  copper  or  vat  heated  with  steam,  1  cwt.  of  coal  is  consumed  in  fuel  which  costs  from 
2|  to  3  francs,  while  two  bushels  of  bran  are  to  be  bought  for  one  franc. 

3.  By  increasing  the  quantity  of  water  from  12  to  24  hectolitres  with  two  bushels  of 
bran,  the  clearing  effect  upon  the  ten  pieces  was  impaired.  It  is  therefore  advantageous 
not  to  use  too  much  water. 

4.  Many  experiments  concur  to  prove  that  flour  is  altogether  useless  for  the  deariag 
boil,  and  that  liner  bran  is  inferior  for  this  purpose  to  the  coarser. 

6.  The  white  ground  of  the  calicoes  boiled  with  wheat  bran,  are  distinguishable  by 
their  superior  brightness  from  that  of  those  boiled  with  rye  bran,  and  especiaDjr  with 
barley  bran ;  the  latter  having  hardly  any  effect. 

6.  There  is  no  advantage  in  adding  soap  to  the  bran  boil ;  though  a  little  potash  or  sods 
may  be  properly  introduced  when  the  water  is  calcareous. 

7.  The  pellicle  of  the  bran  is  the  most  powerful  part,  the  flour  and  the  starch  are  of 
no  use  in  clearing  goods,  but  the  mucilage  which  forms  one  third  of  the  weight  of  the 
bran  has  considerable  eflicncy,  and  seems  to  act  in  the  following  way.  In  proportion  as 
the  mucilaginous  substance  dissolves  the  coloring  and  tawny  matters  upon  the  doth,  the 
husky  surface  attracts  and  fixes  upon  itself  the  greater  part  of  them.  Accordingly,  when 
nsed  bran  is  digested  in  a  weak  alkaline  bath,  it  gives  up  the  color  which  it  had  absorbed 
from  the  cloth. 

The  following  chemical  examination  of  bran  is  interesting.  A  pound  of  it  was  Tailed 
at  successive  times  with  water ;  the  decoctions,  being  filtered,  let  fall  in  cooling  a  grayish 
deposite,  which  was  separated  by  decantation.  The  clear  liquor  aflbrded  by  evaporation 
to  dryness  four  ounces  of  a  brownish,  brittle  matter,  composed  chiefly  of  mndlage,  a 
little  gluten,  and  starch.  The  gray  deposite  of  the  above  filtered  liquor  amounted  to  half 
an  ounce.  Nine  ounces  of  the  cortical  portion  of  the  bran  were  obtained.  The  loH 
amounted  to  2^  ounces,  being  in  some  measure  the  hygrometric  water  of  the  bran 
itself. 

When  boiled  with  distilled  water,  goods  are  cleared  pretty  well  without  bran.  Cer- 
tain delicate  dyes  must  be  boiled  only  a  few  minutes  in  a  strong  decoction  of  bran  previ- 
ously made. 

BRANDY.  The  name  given  in  this  country  to  ardent  spirits  distilled  from  wine, 
and  possessed  of  a  peculiar  taste  and  flavor,  due  to  a  minute  portion  of  a  peculiar 
▼olatUe  oil.  Each  variety  of  alcohol  has  an  aroma  characteristic  of  the  fermented  snb- 
stanee  from  which  it  is  procured;  whether  it  be  the  grape,  cherries,  sugar-cane,  riee, 
ewm,  or  potatoes ;  and  it  may  be  distinguished  even  as  procured  from  different  grawtkt 
of  the  vine.    The  brandies  of  Languedoc,  Bordeaux,  Armagnac,  C<^g:nac,  Avaii^ 
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$kanlon?c,  Rochelle,  Orleans,  Barcelona,  Naples,  &c.  being  each  readily  recognisable  by 
aa  eXiverieiiceJ  dealer. 

Aubergier  showed,  by  experiments,  that  the  disagreeable  taste  of  the  spirits  distilled 
from  the  mare  of  the  grape  is  owing  to  an  essential  oil,  contained  in  the  skin  of  the 
grape ;  and  foand  that  the  oil,  when  insulated,  is  so  energetic  that  a  few  drQps  are  snffi- 
eieni  to  taint  a  pipe  of  600  litres  of  fine  flavored  spirit. 

The  most  celebrated  of  the  French  brandies,  those  of  Cognac  and  Annaenac,  are  slight- 
ly rectified  to  only  from  0*935  to  0*922;  they  contain  more  than  half  their  weight  of  wai- 
ter, and  eome  over  therefore  highly  charged  with  the  fragrant  essential  oil  of  the  hnsk  of 
the  grape.  When,  to  save  expense  of  carriage,  the  spirit  is  rectified  to  a  mnch  higher 
degree,  the  dealer,  on  receiving  it  at  Paris,  reduces  it  to  the  market  proof  by  the  addition 
of  a  little  highly-flavored  weak  brandy  and  water ;  bot  he  cannot  in  this  way  prodnee  so 
finely-flavor^  a  spirit,  as  the  weaker  product  of  distillation  of  the  Cognac  wine.  '  If  the 
best  Cognac  brandy  be  careAilly  distUled  at  a  low  heat,  and  the  strong  spirit  be  diluted 
with  water,  it  will  be  fonnd  to  have  snflered  much  in  its  flavor. 

Genuine  French  brandy  evinces  an  acid  reaction  with  litmus  paper,  owing  to  a  minnte 
portion  of  vinegar;  it  contains,  besides,  some  acetic  ether,  and,  when  lon^  kept  in  oak 
casks,  a  little  astringent  matter.  The  following  formula  may  be  proposed  for  converting 
a  sQent  or  flavorless  corn  spirit,  into  a  factitious  brandy.  E^ute  the  pnre  alcohol  to  the 
proof  pitch,  add  to  every  hundred  pounds  weight  of  it  from  half  a  pound  to  a  pound  of 
argol  (erode  winestone)  dissolved  in  water,  a  little  acetic  ether,  and  French  wine-vinegar, 
some  bruised  French  plums,  and  flavor-stuflf  firom  Cognac ;  then  distil  the  mixture  with  a 
gentle  fire,  in  an  alembic  furnished  with  an  agitator. 

The  spirit  which  comes  over  may  be  colored  with  nicely  burned  sugar  (caramel)  to 
the  desired  tint,  and  roughened  in  taste  with  a  few  drops  of  tincture  of  catechn  or  oak- 
bark. 

The  above  recipe  will  afford  a  spirit  fVee  from  the  deleterious  dmgs  too  oAen  used  to 
disgaise  and  increase  the  intoxicating  power  of  British  brandies;  one  which  may  be  redc- 
oaecl  as  wholesome  as  alcohol,  in  any  shape,  can  ever  be. 

BRASS.  (Laiton,  cuivn  jaune,  Ft,  ;  Messing,  Germ.)  An  alloy  of  copper  and 
siae.  It  was  formerly  manufactured  by  cementing  granulated  copper,  called  btai^oi,  or 
copper  dippini^,  with  calcined  calamine  (native  carbonate  of  zinc)  and  charcoal,  in  a 
crucible,  and  exposing  them  to  bright  ignition.  Three  parts  of  copper  were  used  fix*- 
three  of^  calamine  and  two  of  charcoal.  The  zinc  reduced  to  the  metallic  state  by  the 
ageacy  of  the  charcoal,  combined  with  the  copper,  into  an  alloy  which  formed,  on  cool- 
ing,  a  lump  at  the  bottom  of  the  crucible.  Several  of  these,  being  remelted  and  cast 
iQto  moulds,  constituted  ingots  of  brass  for  the  market.  James  Emerson  obtained  a  pa- 
t^ty  in  1781,  for  making  brass  by  the  direct  fusion  of  its  two  metallic  elements,  and  it 
is  now  usually  manufactured  in  this  way. 

It  appears  that  the  best  proportion  of  the  constituents  to  form  fine  brass  is  one  prime 
Qquivalent  of  copper =63  J-f-one  of  zinc =32*3 ;  or  very  nearly  2  parts  of  copper  to  1  of 
^tne.  The  bright  gold  colored  alloy,  called  Prince's,  or  Prince  Rupert's  metal,  in  this 
Country,  consists  apparently  of  two  primes  of  zinc  to  one  of  copper,  or  of  nearly  equal 
pvts  of  each.  Brass,  or  hard  solder,  consists  of  two  parts  of  brass  and  one  of  zinc 
tkftcdted  together,  to  which  a  little  tin  is  occasionally  added ;  but  when  the  solder  most 
be  very  strong,  as  for  brass  tubes  that  are  to  undergo  drawing,  two  thirds  of  a  part  of 
sine  are  used  for  two  parts  of  brass.  Mosaic  gold,  according  to  the  specification  of 
barker  and  Hamilton's  patent,  consists  of  100  parts  of  copper,  and  from  62  to  55  of  zinc  $ 
'Wlueh  is  no  atomic  proportion.  Bath  metal  is  said  to  consist  of  32  parts  of  brass  and  9 
parts  of  zinc. 

The  button  manufacturers  of  Birmingham  make  their  platin  with  8  parts  of  brass  and 
^  of  zinc ;  but  their  cheap  buttons  with  an  alloy  of  copper,  tin,  zinc,  ond  lead. 

Red  brass,  the  Tombak  of  some,  (not  of  the  Chinese,  for  this  is  white  copper,) 
consists  of  more  copper  and  less  zinc  than  go  to  the  composition  of  brass ;  bein?  from 
2|  to  8  or  10  of  the  former  to  1  of  the  latter.  At  the  famous  brass  works  of  Heger- 
Tnuhl,  to  be  presently  described,  11  parts  of  copper  are  alloyed  with  2  of  zinc  into  a  red 
Ixass,  from  which  plates  are  made  that  are  afterwards  rolled  into  sheets.  From  such 
«n  alloy  the  Dutch  foil,  as  it  is  called,  is  manufactured  at  Niirnberg ;  Pinchbeck,  SimLk>r, 
Mannheim  gold,  are  merely  diflferent  names  of  alloy  similar  to  Prince's  metal.  The  last 
consists  of  3  of  copper  and  1  of  zinc,  separately  melted,  and  suddenly  incorporated  by 
«tirring. —  Wiegleb. 

In  the  process  of  alloying  two  metals  of  such  different  fusibilities  as  copper  and  zine, 
m  considerable  waste  of  the  latter  metal  by  the  combustion,  to  which  it  is  so  prone, 
night  be  expected;  but,  in  reality,  their  mutual  aflSnities  seem  to  prevent  the  loss,  in 
a  ^reat  measure,  by  the  speedy  absorption  of  the  zinc  into  the  substance  of  the  eoppor. 
kieed,  copper  plates  and  rods  are  oAen  brassed  externally  by  exposure,  at  a  high 
tflnperature,  to  the  fumes  of  zinc,  and  aflewards  laminated  or  drawn.   The  qnirioH 
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gold  wire  of  Lyons  is  made  from  saeh  rods.  Copper  vessels  maybe  superficially  conTeft- 
ed  into  brass  by  boiling  them  in  dilute  muriatic  acid  containing  some  wine-stone  and  bbc 
amalgum. 

The  first  step  in  making  brass  is  to  plunge  slips  of  copper  into  melted  zinc  till  an  alloy 
if  somewha(  difficult  fusion  be  formed,  to  raise  the  heat,  and  add  the  remaining  propor* 
tion  of  the  copper. 

The  brass  of  the  first  fusion  is  broken  to  pieces,  and  melted  with  a  fresh  quantity  of 
zinc,  to  obtain  the  finished  brass.  Each  melting  takes  about  8  or  9  hours.  The  meta! 
is  now  cast  into  plates,  about  40  inches  long  by  26  inches  broad,  and  from  one  third  to 
one  half  inch  thick.  The  moulds  are,  in  this  case  also,  slabs  of  granite  mounted  inanino 
frame.  Granite  appears  to  be  preferred  to  every  thing  else  as  a  mould,  because  it  pre- 
serves the  heat  long,  and  by  the  asperities  of  its  surface,  it  keeps  hold  of  the  day  late 
applied  to  secure  the  joinings. 

The  cast  plates  are  most  usually  rolled  into  sheets.  For  this  purpose  they  are  eat 
into  ribands  of  various  breadths,  commonly  about  6i  inches.  The  cylinders  of  the 
brass  rolling-press  are  generally  46  inches  long,  and  18  inches  in  diameter.  The 
ribands  are  first  of  all  passed  cold  through  the  cylinders ;  but  the  brass  soon  beeunes 
too  hard  to  laminate.  It  is  then  annealed  in  a  furnace,  and,  after  cooling,  is  passed 
afVesh  through  a  rolling  press.  After  paring  ofi"  the  chipped  edges,  the  sbeets  are 
laminated  two  at  a  time :  and  if  they  are  to  be  made  very  thin,  even  eight  plates  are 
passed  through  together.  The  brass  in  these  operations  must  be  annealed  7  or  8  times 
before  the  sheet  arrives  at  the  required  thinness.  These  successive  heatings  are  very 
expensive ;  and  hence  they  have  led  the  manufacturers  to  try  various  plans  of  eeono- 
ray.  The  annealing  furnaces  are  of  two  forms,  according  to  the  size  of  the  diects 
of  brass.  The  smaller  are  about  12  feet  long,  with  a  fire-place  at  each  ead,  and  about 
13  inches  wide.  The  arch  of  the  furnace  has  a  cylindrical  shape,  whose  axis  is 
parallel  to  its  small  side.  The  hearih  is  horizontal,  and  is  made  of  tnicks  set  on  edge. 
In  the  front  of  the  furnace  there  is  a  large  door,  which  is  raised  by  a  lever,  or  ehaia, 
and  counterweight,  and  slides  in  a  frame  between  two  cheeks  of  cast  iron.  This  fomaee 
has,  in  general,  no  chimney,  except  a  vent  slightly  raised  above  the  door,  to  prevent  the 
workmen  beiug  incommoded  by  the  smoke.  Sometimes  the  arch  is  perforated  with  a  rnuD- 
ber  of  holes.  The  sheets  of  brass  are  placed  above  each  other,  but  separated  by  parings, 
to  allow  the  hot  air  to  circulate  among  them,  the  lowest  sheet  resting  upon  two  bars  of 
cast  iron  placed  lengthwise. 

The  large  furnaces  are  usually  32  feet  long,  by  6^  feet  wide,  in  the  body,  and  3  feet 
at  the  hearth.  A  grate,  13  inches  broad,  extends  along  each  side  of  the  hearth^ 
through  its  whole  length,  and  is  divided  from  it  by  a  small  wall,  2  or  3  inches  high. 
The  vault  of  the  furnace  has  a  small  curvature,  and  is  pierced  with  6  or  8  openings, 
which  allow  the  smoke  to  pass  off  into  a  low  bell-chimney  above.  At  each  end  of  the 
furnace  there  is  a  cast-iron  door,  which  slides  up  and  down  in  an  iron  frame,  and 
is  poised  by  a  counterweight.  On  the  hearth  there  is  a  kind  of  railway,  composed  of 
two  iron  bars,  on  the  grooves  of  which  the  carriage  moves  with  its  loads  of  sheets  of 
brass. 

These  sheets,  being  often  24  feet  long,  could  not  be  easily  moved  in  and  out  of  the 
furnace;  but  as  brass  laminates  weH  in  the  cold  state,  they  are  all  introduced  and 
moved  out  together.  With  this  view,  an  iron  carriage  is  framed  with  four  bars,  which 
rest  on  four  wheels.  Upon  this  carriage,  of  a  length  nearly  equal  to  that  of  the  furnace, 
the  sheets  are  laid,  with  brass  parings  between  them.  The  carriage  is  then  raised  by  a 
crane  to  a  level  with  the  furnace,  and  entered  upon  the  grooved  bars  which  lie  upon  the 
hearth.  That  no  heal  may  be  lost,  two  carriages  are  provided,  the  one  being  ready  to 
put  in  as  the  other  is  taken  out ;  the  furnace  is  meanwhile  uniformly  kept  hot.  This 
method,  however  convenient  for  moving  the  sheets  in  and  out,  wastes  a  good  deal  of  fuel 
in  heating  the  iron  carriage. 

The  principal  places  in  which  brass  is  manufactured  on  the  great  scale  in  England,  are 
Bristol,  Birnjingham,  and  Holywell,  in  North  Wales. 

The  French  writers  affirm,  that  a  brass,  containing  2  per  cent,  of  lead,  works  more 
freely  in  the  turning  lathe,  but  does  not  hammer  so  well  as  a  mere  alloy  of  copper  and 
line. 

At  the  brass  manufactory  of  Hegermuhl,  upon  the  Finon  canal  near  Potsdam,  the  fol- 
lowing are  the  materials  of  one  charge;  41  pounds  of  old  brass,  55  pounds  refined  eop- 
per  (gahrkupfer)  granulated ;  and  24  pounds  of  zinc.  This  mixture,  weighing  120  pounds, 
is  distributed  into  four  crucibles,  and  fused  in  a  wind  furnace  with  pitcoal  fuel.  The 
waste  varies  from  2jt  to  4  pounds  upon  the  whole. 

Fig,  159  represents  the  furnace  as  it  was  formerly  worked  there  with  charcoal ;  a,  the 
kboratory  in  which  the  crucibles  were  placed.  It  was  walled  with  fire-bricks.  The  foun- 
dations and  the  fiUing-in  walls  were  formed  of  stone  rubbish,  as  being  bad  conductors  at 
heat ;  sand  and  ashes  may  be  also  used ;  6,  cast-iron  circular  grating  plates  pierced  with 
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!21iolM(sec 160),  over  them  a  sole  of  loam,  r,  is  beat  dovrn,  and  pfrforated  wiih  holes 
•rurreipon'Jin'^  lo  Ihosc  in  the  iron  discs;  </,  the  ash-pit ;  r,  the  bod',  a  draui;hl  flue  which 

conducts  ihe  air  rcqui<ite  to  the  combas- 
tiun,  from  a  sunk  tunnel,  in  communica- 
lion  with  several  molun!»  furnaces.  The 
terra or  ciowu  of  the  furnace,/,  lies  on 
a  Itfvol  with  the  foundry  lloor,  /i,  A,  and  is 
shut  with  a  tile  of  tiie-c!ay,  ir,  which  may 
1)»  moved  in  any  direct i<in  by  means  of 
hooUs  and  eyes  in  its  bindin;;  iron  ring. 
Fie.  lt)i,  the  lonifs  for  putiinu:  in  and  takins; 
o'lt  the  charges,  as  viewed  from  above  and 
from  the  side. 

FigH.  1()2,  1G3,  represent  the  furnaces 
constructed  more  recently  for  the  nse  of 
pitcoal  lnel;  fig.  162,  being  an  upright 
section,  and  Jig.  163,  the  t^ruund  plan.  In 
this  furnace  the  crucibles  are  not  sur- 
rounded with  the  fuel,  but  they  receive 
the  requisite  melting  heat  from  the  flame 
proceeding  from  the  prate  upon  which  it 
llie  crucibles  stand  upon  7  binding  arches,  a,  which  unite  in  the  middle  at 
16n ;  between  the  arches  are  spaces  through  which  the  flame  rises  from 
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the  grate  c;  d  is  the  fire-door;  e  a 
sliding  tile  or  damper  for  regulating 
or  shutting  off  the  air-draught ;  f  an 
inclined  plane,  for  carrying  off  the 
cinders  that  fail  through  the  grate, 
along  the  draught  tunnel  g,  so  that  the 
air  in  entering  below  may  not  be  heat- 
ed by  them. 
The  crucibles  are  16  inches  deep, 
wide  at  the  mouth,  6i  at  the 
bottom ;  with  a  thickness  in  the  sides 
uTl  inch,  and  1^  below;  they  stand  from  40  to  50  meltings.  The  old  brass,  whieh 
tdH  their  whole  capacity,  is  first  put  in  and  melted  down  ;  the  crucibles  are  now 
t«keB  oQt,  and  are  charged  with  the  half  of  the  zinc  in  pieces  of  from  1  to  3 
e«bic  inches  in  size,  covered  over  with  coal  ashes ;  then  one  half  of  the  eopper  charge  is 
atndaeed,  again  coal-4u8t;  and  thus  the  layers  of  zinc  and  copper  are  distributed 
•hsutely  with  coal-ashes  betwixt  ihem,  till  the  whole  charge  gets  finally  fused.  Over 
•n,  a  thicker  layer  of  carbonaceous  matter  is  laid,  to  prevent  oxdizement  of  t  h  e  brass. 
Ijfiit  crucibles  filled  in  this  way  are  put  into  the  furnace  between  the  1 1  holes  of  the 
9*t^fhelf ;  and  over  them  two  empty  crucibles  are  laid  to  be  heated  for  the  casting 
^P^tioQ.  In  from  3)  to  4  hours  the  brass  is  ready  to  be  poured  out.  Fifteen  English 
^uMk  of  coals  are  consumed  in  one  operation ;  of  which  six  are  used  at  the  introduc- 
tioaof  the  crucibles,  and  four  gradually  afterwards. 
Whai  sheet  brass  is  to  be  made  the  following  process  is  pursued ; — 
Ai  empty  crucible,  called  a  caster  (gimer),  Ls  taken  out  of  the  furnace  through  the 
Ml  with  a  pair  of  tongs,  and  is  kept  red  hot  by  placing  it  in  a  hollow  hearth  (muiidai), 
mhosbM  with  burning  coals ;  into  this  crucible  the  contents  of  four  of  the  melting 
pXi  are  poured ;  the  dross  being  raked  out  with  an  iron  scraper.  As  soon  as  the  melt- 
■f  pot  is  emptied,  it  is  immediately  re-charged  in  the  manner  above  described,  and  re- 
jlHi  Ok  the  furnace.  The  surface  of  the  melted  brass  in  the  caster  is  swept  with  the 
tap  of  a  broom,  then  stirred  about  with  the  iron  rake,  to  bring  up  any  light  foreign 
■titer  to  the  surface,  which  is  then  skimmed  with  a  little  scraper ;  the  crucible  is  now 
Kited  with  the  casting  tongs,  and  emptied  in  the  following  way : — 

Hw  mould  or  farm  for  casting  sheet  brass  consists  of  two  slabs  of  granite,  a  a,  figs 
1^,  165.  They  are  5|  feet  long,  3  feet  broad,  1  foot  thick,  and,  for  greater  security, 
W  with  iron  bands,  6  6,  2  inches  broad,  1)  thick,  and  joined  at  the  four  comers  with 
Uli  tnd  nuts.  The  mould  rests  upon  an  oaken  block,  c,  3|  feet  long,  2i  broad,  and  1} 
^Utk,  which  is  suspended  at  each  end  upon  gudgeons,  in  bearing  blocks,4)Iaced  under  the 
ftiidry  floor,  <f  ^  in  the  casting  pit,  e  e.  This  is  lined  with  bricks ;  and  is  6]  feet  long, 
H  Woid,  and  2  deep ;  upon  the  two  long  side  walls  of  the  pit,  the  bearing  blocks  are 
^  which  support  the  gudgeons.  The  swing-blocks  are  10  inches  long,  18  inches 
Nid,  ]5  inches  thick,  and  are  somewhat  rounded  upon  their  back  edge,  so  that  the 
^>iBf  frame  may  slope  a  little  to  the  horizon.  To  these  blocks  two  cross  wooden  armSy 
//« ve  awffif^j  upon  which  the  under  slab  rests  freely,  but  so  as  to  project  about  6  inch« 
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backwards  over  the  blocV,  to  secure  an  equipoise  in  the  act  of  casting,  g  g  are  ban 
placed  at  both  of  ihe  long  sides,  and  one  of  the  ends,  between  the  slabs,  to  determine  the 


thickness  of  the  brass-plate.  Upon  the  other  slab  the  gate  h  is  fastened,  a  abeel  of 
iron  6  inches  broad,  which  has  nearly  the  shape  of  a  parallel  trapezium  (knenge),  and 
slopes  a  little  towards  the  horizon.  It  serves  fur  setting  the  casting  pot  upon  in  the  act 
of  pourin?  out,  and  renders  its  emptying  nidre  convenient.  That  gale  (tUinmaml) 
is  coated  with  a  mixture  of  loam  and  hair.  The  tipper  slab  is  secured  to  the  under  one 
in  its  slanting  position  by  an  armor  or  hinriin?.  This  ccnf-ii^ts  of  the  tension  bare  of 
wood,  ik  I  m,  of  the  iron  bars  n,  (3  to  3^  inches  broad,  1}  inch  thick,  see  the  top  riew, 
fig,  165, )  of  a  n>d  with  holes  and  pins  at  its  upper  end,  and  of  the  iron  screw  spindle  o. 
The  mode  in  which  these  parts  act  may  be  understood  from  inspection  of  the  figure.  In 
order  to  lift  the  upper  slab  from  the  under  one,  which  is  eflfectHl  by  turning  it  round  its 
edge,  a  chain  is  employed,  suspending  two  others,  connected  with  the  slab.  The  (bnner 
passes  over  a  puller,  and  may  be  pulled  up  and  down  by  means  of  a  wheel  and  axle,  or 
with  the  aid  uf  a  counterweight.  Upon  ench  of  the  two  long  sides  of  the  slab  there  are 
two  iron  rings,  to  which  the  ends  of  the  chains  may  be  hooked.  The  casting  faces  of  the 
slab  must  be  coated  with  a  layer  of  finely  ground  loam  ;  the  thinner  the  better. 

When  calamine  is  employed,  |  cwt.  of  copi>cr,  {  cwt.  of  calamine,  and  )  the  toIubw 
of  both  of  charcoal  mixed,  are  put  into  7  crucihlcs,  and  exposed  to  heat  during  11  or  12 
hoars ;  the  product  bein?  from  70  to  72  Ib^.  of  brass. 

Bratt'platt  rolling.  At  Hegermuhl  there  are  two  re-heating  or  annealing  Aimaees, 
one  larger,  18  feet  long,  and  another  smaller,  H\ ;  the  hot  chamber  is  separated  from  the 
fire  place  by  iron  beams,  in  such  a  way  that  the  brass  castings  are  played  upon  by  tbe 
flames  on  both  their  sides.  AAer  each  passaize  through  the  laminating  press  (rolls)  they 
are  heated  anew,  then  cooled  and  laminated  afresh,  till  they  have  reached  the  proper 
length.    The  plates  ai  e  besmeared  with  grease  before  rolling. 


fSg.  166  sho^-s  the  gronmd  plan  of  the  furnace  and  its  railway ;  fig.  167,  the  mmww^ 
te;  and  Tig.  lt)(i,  the  section  lengthwise;  a  a,  the  iron  way  bars  or  rails  upon  the  floerof  the 
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fttndty,  lor  eniUing  the  wheels  of  the  wagon-frame  to  move  readily  backward  and  fbr- 
waid ;  &  6,  the  two  irrates ;  e  e,  the  ash  pits ;  d  </,  the  fire  beams;  e  e  e,  vents  ia  the  roof 
of  the  hot  chaminr/;  g  g,  two  plates  for  shutting  the  hot  chamber;  A,  the  floe;  t,  the 
ditiinier.  Af\er  the  rolling,  the  sheets,  covered  with  a  black  oxyde  of  copper,  are  plunged 
imto  a  mother  water  of  the  alnm  works  for  a  few  minutes,  then  washed  in  clean  water, 
nd,  lastly,  smeared  with  oil,  and  scraped  with  a  blunt  knife. 

In  roagh  brass  and  brass  wares,  no  less  than  16,240  cwts.  were  manufactured  in  the 
PnsaiaB  Slates  in  the  year  1832. 

For  musical  purposes,  the  brass  wire  made  in  Berlin  has  acquired  great  and  merited 
eelebrity ;  but  that  of  Birmingham  is  now  preferred,  even  by  foreigners. 

Bbass  Color,  for  staining  glafs,  is  prepared  by  exposing  for  several  days  thin  plates 
of  brass  upon  tiles  in  the  leer  or  annealing  arch  of  the  glass-house,  till  it  be  oxydized  into 
a  blaek  powder,  aggregated  in  lumps.  This  being  pulverized  and  sifted,  is  to  be  again 
well  calcined 'for  several  days  more,  till  no  particles  remain  in  the  metallic  state ;  when  it 
wiH  fonn  a  fine  powder  of  a  russet  brown  color.  A  third  calcination  must  now  be  given, 
with  a  carefully  regulated  heat ;  its  quality  being  tested  from  time  to  time  by  fusion  wiUi 
ioaie  glass.  If  it  makes  the  glass  sweU,  and  intumesce,  it  is  properly  prepared  ;  if  not, 
it  most  be  stilt  farther  calcined.  Such  a  powder  communicates  to  glass,  greens  of  varions 
tintM,  passing  into  turquoise. 

When  thin  narrow  strips  of  brass  are  stratified  with  sulphur  in  a  crucible,  and  calcined 
H  a  red  heat,  they  become  friable,  and  may  be  reduced  to  powder.  This  being  siAed  and 
aposcd  upon  tiles  in  a  reverberatory  furnace  for  ten  or  twelve  days,  becomes  fit  for  use, 
ad  Is  capable  of  imparting  a  calcedony,  red,  or  yellow  tinge  to  glass  by  fusion,  according 
Is  the  DK»de  and  proportion  of  using  it. 

The  glass-makers'  red  color  may  be  prepared  by  exposing  small  plates  of  brass  to  a 
■oderate  heat  in  a  reverberatory  furnace,  till  they  are  thoroughly  calcined,  when  the 
•shstance  becomes  pulverulent,  and  assumes  a  red  color.  It  is  then  ready  for  imme- 
datease. 

Baiss  CoLoa,  as  employed  by  the  colormen  to  imitate  brass,  is  of  two  tints,  the  red  or 
Iniaze,  and  the  yellow  like  gilt  brass.  Copper  filings,  mixed  with  red  ochre  or  bole,  eon- 
ititsie  the  former ;  a  powdered  brass  imported  from  Germany,  is  used  for  the  latter.  Both 
BUl  be  worked  up  with  varnish  after  being  dried  with  heat,  and  then  spread  with  a  flat 
cusel-hair  brush  evenly  upon  the  surface  of  the  object.  The  best  varnish  is  composed 
«f  20  oQBces  of  spirits  of  wine,  2  ounces  of  shellac,  and  2  ounces  of  sandarach,  properly 
diMohrcd.  See  Varnish.  Only  so  much  of  the  brass  powder  and  varnish  should  be 
■iied  at  a  time  as  is  wanted  for  inmiediate  use. 

Brass  Foil.  Dutch  leaf,  called  Knitter  or  Rauschgold  in  Germany,  is  made  from  a 
very  thin  sheet  brass,  beat  out  under  a  hammer  worked  by  water  power,  which  gives  300 
«  400  strokes  per  minute :  from  40  to  80  leaves  being  laid  over  each  other.  By  this  treat- 
mi,  it  acquires  its  characteristic  solidity  and  lustre.  See  above,  the  process  for  con- 
vetiag  the  copper  superficially  into  brass  by  the  fumes  of  zinc. 

BRAZING.  (Eraser,  Fr.;  Messing^otkuHg^  Germ.)  The  soMering  together  of 
liges  of  iron,  copper,  brass,  Blc,  with  an  alloy  consisting  of  brass  and  zinc,  sometimes 
vih  a  little  tin  or  silver.  The  surfaces  to  be  thus  united  must  be  filed  perfectly 
Wi^t,  and  not  be  soiled  with  the  fingers  or  in  any  other  way.  The  granular  or  nearly 
pilvenilent  alloy  is  usually  wetted  with  a  paste  of  ground  borax  and  water,  applied  In 
ttb  state,  dried,  and  then  exposed  carefully  to  bright  ignition  at  a  clear  forge  fire. 
BoBe  workmen  enclose  the  part  to  be  soldered  in  a  clay  lute,  but  others  prefer  leaving 
iiMovered,  that  they  may  see  when  the  solder  has  fiowed  fireely,  and  entered  into  all 

BRAZIL-WOOD.  (BaUde  Femamboucy  Fr. ;  BroMilienhohy  Germ.)  This  dye-wood 
torn  hs  name  from  the  part  of  America  whence  it  was  first  imported.  It  has  also 
^  aames  Femambuca,  wood  of  Saint  Martha,  and  of  Sapan,  according  to  the  places 
vlieh  produce  it.  Linnseus  distinguishes  the  tree  which  furnishes  the  Brazil-wood 
W  Ike  name  of  Casaljnnia  critta.  It  commonly  grows  in  dry  places  among  rocks.  Its 
^nak  is  very  large,  crooked,  and  full  of  knots.  It  is  very  hard,  susceptible  of  a  fine 
IM,  and  sinks  in  water.  It  is  pale  when  newly  defl,  but  becomes  red  on  exposure  to 
^air. 

It  has  difiTerent  shades  of  red  and  orange.  Its  goodness  is  determined  particularly  by 
li  density.  When  chewed,  a  saccharine  taste  is  perceived.  It  may  be  distinguished 
ftm  red  saunders  wood,  as  the  latter  does  not  yield  its  color  to  water. 

Boiling  water  extracts  the  whole  coloring  matter  of  Brazil-wood.   If  the  ebullitioQ  be 
m§  csoogh  continued,  it  assumes  a  fine  red  color.   The  residuum  appears  black.  In 
case,  an  alkali  may  still  extract  much  coloring  matter.   The  solution  in  alcohd  or 
muaia  is  still  deeper  than  the  preceding. 

dceoction  of  Brazil-wood,  called  juice  of  BrazO,  is  observed  to  be  less  fit  fbr 
when  recent,  than  when  oU  or  even  fimnentcd.   By  age,  it  takes  a  ycDowisb- 
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red  cobr.  For  making  this  decoction,  HeUot  recommends  to  use  the  hardest  water;  bat 
it  should  be  remarked,  that  this  water  deepens  the  color  in  proportion  to  the  earthy  laHs 
which  it  contains.  Afier  boiling  this  wood  reduced  to  chips,  or,  whi^  is  preferabie,  to 
powder,  for  tliree  hours,  this  first  decoction  is  poured  into  a  cask.  Fresh  water  is  poured 
on  the  wood,  which  is  then  made  to  boil  for  three  hours,  and  mixed  with  the  former. 
When  Brazil-wood  is  employed  in  a  dyeing  bath,  it  is  proper  to  enclose  it  in  a  thin  linen 
bag,  as  well  as  all  the  dye-woods  in  general. 

Wool  immersed  in  the  juice  of  Brazil  takes  but  a  feeUe  tint,  which  is  speedilf  de- 
stroyed.   It  must  receive  some  preparations. 

The  wool  is  to  be  boiled  in  a  solution  of  alum,  to  which  a  fourth  or  even  less  of  tartar 
is  added,  for  a  larsrcr  proportion  of  tartar  would  make  the  color  yellowish.  The  wool  is 
kept  impregnated  with  it  for  at  least  eight  days,  in  a  cool  place.  AHer  this,  it  is  dyed  in 
the  Brazil  juice  with  a  slight  boiling.  But  the  first  coloring  particles  that  are  deposited, 
afford  a  less  beautiful  color;  hence  it  is  proper  to  pass  a  coarser  stuff  previously  through 
the  hath.  In  this  manner  a  lively  red  is  procured,  which  resists  pretty  well  the  action 
of  the  air. 

Brazil-wood  is  made  use  of  for  dyeing  silk  what  is  called  false  crimson,  to  distingmsh 
it  from  the  crimson  made  by  means  of  cochineal,  which  is  much  more  permanent. 

The  silk  should  be  boiled  at  the  rate  of  20  parts  of  soap  per  cent.,  and  then  ahmied. 
The  aluming  need  not  be  so  strong  as  for  the  fine  crimson.  The  silk  is  refreshed  at  the 
river,  and  passed  through  a  bath  more  or  lest  charged  with  Brazil  juice,  according  to  the 
shade  to  be  pven.  When  water  free  from  earthy  salts  is  employed,  the  color  is  too  red 
to  imitate  crimson ;  this  quality  is  given  it  by  passing  the  silk  through  a  slight  alkaliDe 
solution,  or  by  adding  a  little  alkali  to  the  bath.  It  might,  indeed,  be  wash^  in  a  hard 
water  till  it  had  taken  the  desired  shade. 

To  make  deeper  false  crimsons  of  a  dark  red,  juice  of  logwood  is  put  into  the  Braifl 
bath  aAer  the  silk  has  been  impregnated  with  it.  A  little  alkali  may  be  added,  according 
to  the  shade  that  is  wanted. 

To  imitate  poppy  or  flame  color,  an  annotto  ground  is  given  to  the  silk,  deeper  cren 
than  when  it  is  dyed  with  carthamus.  It  is  washed,  alumed,  and  dyed  with  juice  of  Bra- 
zil, to  which  a  little  soap  water  is  usually  added. 

The  coloring  particles  of  Brazil-wood  are  easily  affected,  and  made  yellow  by  the  actna  ^ 
of  acids. 

They  thus  become  permanent  colors.  But  what  distinguishes  them  from  madder  and  .^E 
vermes,  and  approximates  them  to  cochineal,  is  their  reappearing  in  their  natural  edor,  ' 
when  they  are  thrown  down  in  a  state  of  combination  with  alumina,  or  with  oxyde  of  tin.  • 
These  two  combinations  seem  to  be  the  fittest  for  rendering  them  durable.  It  is  requisite, 
therefore,  to  inquire  what  circumstances  are  best  calculated  to  promote  the  formation  of  ~  M 
these  combinations,  accordini?  to  the  nature  of  the  stuff. 

The  astringent  principle,  likewise,  seems  to  contribute  to  the  permanence  of  the  color  " 

log  matter  of  Brazil-wood ;  but  it  deepens  its  hue,  and  can  only  be  employed  (br  lights"  - 
shades. 

The  coloring  particles  of  Brazil-wood  arc  very  sensible  to  the  action  of  iiHi  sliiPF"  i 
which  give  them  a  purple  hue ;  and  there  are  several  processes  in  which  the  alkalis—  -"^ 
either  fixed  or  volatile,  are  used  for  forming  violets  and  purples.  But  the  colors  ob 
tained  by  these  methods,  which  may  be  easily  varied  accoiding  to  the  purpose, 
perishable,  and  possess  but  a  transient  bloom.  The  alkalis  appear  not  to  inja 
the  colors  derived  from  madder,  but  they  accelerate  the  destruction  of  most 
colors. 

In  England  and  Holland  the  dye-woods  are  reduced  to  powder  by  means  of  mills  i 
for  the  purpose. 

The  brijjlit  fusitiv^  red,  called  fancy  red,  is  given  to  cotton  by  Nicaragua,  or 
wood,  a  cheap  kind  of  Brazil-wood. 

The  cotton  being  scoured  and  bleached,  is  boiled  with  sumach.   It  is  then  f 
ted  with  a  solution  of  tin  (at  5°  Banmc,  according  to  Vitalis).   It  should  now  be  ^ 
slightly  in  a  weak  bath  of  the  dyeing  wood,  and,  lastly,  worked  in  a  somewhat  stale  in 
sion  of  the  peach  or  Brazil  .wood.   \Vlien  the  temperature  of  this  is  lukewarm,  the  dye  ifl 
said  to  take  better.    Sometimes  two  successive  immersions  in  the  bath  are  given.    It  ifl 
now  wrung  out,  aired,  washed  in  water,  and  dried. 

M.  Vitalis  says,  that  his  solution  of  tin  is  prepared  with  two  ounces  of  tin  and  a  y 
of  aqua  regia  made  with  two  parts  of  nitric  acid  at  24°  Baum^,  and  three  parts  of  ] 
atic  acid  at  22°. 

For  a  rose  color,  the  cotton  is  alumed  as  usual,  and  washed  from  the  alum.   It  1 
gets  the  tin  mordant,  and  is  again  washed.   It  is  now  turned  through  the  dye-bath,  i 
operation  which  is  repeated  if  necessary. 

For  purple,  a  little  alum  is  added  to  the  Brazil  bath. 

1.  For  amaranth,  the  cotton  is  strongly  galled,  dried,  and  washed. 
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2.  h  is  pmed  throng  th«  Uack  cask  (tonne  au  noir,)  see  Black  Dtx,  till  it  has  taken 
•  Hififgrtr  shade. 
1  ft  leeeiTes  a  bath  of  lime-water, 
i  Manhuit  ortiii. 

5.  Bjetnir  la  the  Brazil-wood  bath. 

&  lie  two  last  operations  are  repeated. 

Dngier  hts  endeayored  to  separate  the  cobring  matter  of  the  different  sorts  of  Brazil- 
voo^  10  Bs  to  ohCaia  the  same  tint  from  the  coarser  as  from  the  best  Pemambuco.  His 
pmm  eoosistt  in  treating  the  wood  with  hot  water  or  steam,  in  concentrating  the  de^ 
toctioo  so  as  to  obtain  14  or  15  pounds  of  it  from  4  pounds  of  wood,  allowing  it  to  cool, 
ui  poviag  iato  it  two  pounds  of  skim  milk ;  agitating,  then  boiling  for  a  few  minutes, 
id  Iberiag.  The  dan  coloring  matters  are  precipitated  by  the  coagulation  of  the 
meom  labstaaee.  For  dyeing,  the  decoctions  must  be  diluted  with  water ;  for  printing 
(k]r  BMSt  be  ooneentrated,  so  that  4  pounds  of  wood  shall  furnish  only  5  or  6  pounds  of 
decoction,  and  the  liquor  may  be  thickened  in  the  ordinary  way.  These  decoctions  may 
be  caployed  immediately,  as  by  this  treatment  they  have  acquired  the  same  property  as 
tkj  otkerwise  could  get  only  by  being  long  kept  A  slight  fermentation  is  said  to  im- 
pnve  the  eukr  of  these  decoctions ;  some  ground  wood  is  put  into  the  decoction  to  favor 
thiipneess. 

Ai  gdatiae  pfx>diices  no  precipitate  with  these  decoctions,  they  consequently  contahi 
BotMsia.  Gall-auts,  however,  sumach,  the  bark  of  birch  or  alder,  render  the  color  of 
fruil.wood  more  durable,  upon  alumed  linen  and  cotton  goods,  but  Uie  shade  is  a  little 
Mo; 

Is  df  «ig  wool  with  Pemambuco,  the  temperature  of  the  bath  should  never  be  above 
IS/f  Fahr^  since  higher  heats  impair  the  color. 

Aeoocdiag  to  Dingier  and  Kurrer,  bright  and  fast  scarlet  reds  may  be  obtained  upon 
VDol,  hy  preparing  a  decoction  of  50  pounds  of  Brazil-wood  in  three  successive  boils, 
ud  leniBg  the  decoction  aside  for  3  or  4  weeks  in  a  cool  place ;  100  pounds  of  the  wool 
are  tkea  Earned  in  a  bath  of  22  pounds  of  alum  and  1 1  pounds  of  tartar,  and  aAerwards 
riaied  in  eoU  water.  Meanwhile  we  fill  two  thirds  with  water,  a  copper  containing  30 
ptib,  tad  heated  to  the  temperature  of  150°  or  160°  F.  We  pour  in  3  pailfuls  of  the  de- 
coetioa,  heat  to  the  same  poiat  again,  and  introduce  30  pounds  of  wool,  which  does  not 
tike  a  scarlet,  but  rather  a  crimson  tint.  This  being  removed,  2  pails  of  decoction  are 
P<t  is,  and  30  pounds  of  wool,  which  becomes  scarlet,  but  not  so  fine  as  at  the  third  dip. 
V  IlKdyer  stiengthens  the  color  a  little  at  the  first  dip,  a  little  more  at  the  second,  and 
iddiit  the  third  and  fourth  the  quantity  of  decoction  merely  necessary,  he  will  obtain  a 
iiifiiB  searlet  tint.  With  50  pounds  of  Pemambuco  1000  pounds  of  wool  may  be  dyed 
Mulct  ia  this  way,  and  with  the  deposites  another  100  may  be  dyed  of  a4ile  color.  An 
iddiiioa  of  weU  renders  the  color  faster  but  less  brilliant. 

KariniKh  saya  the  dye  may  be  improved  by  adding  some  ox-gall  to  the  bath. 

It  dyebf  eotton  the  tannin  and  gallic  acid  are  two  necessary  mordants,  and  the  ccHfit 
i>  rartiealarly  bright  and  durable,  when  the  ck>th  has  been  prepared  with  the  oUy  process 
«fTnfccyred. 

It  ii  said  that  stale  urine  heightens  the  color  of  the  Brazil  dye  when  the  ground  wood 
iiMirtCMdwithit. 

Tke  qnaatity  of  Brazil  or  Nicaragua  wood  imported  into  the  United  Kingdom  in  1835, 
WlffiBtoM,  whereof  1,811  were  exported;  of  BrazOietto  230  tons.  The  duty  upoB 
Ike  ku  arlkle  is  5«.  per  ton. 

BREAD  (Potn,  Fr.;  Brod,  Germ.)  is  the  spongy  mass  produced  by  baking  the 
hiitaeJ  or  fermented  dough  of  wheat  or  rye  flour,  at  a  proper  heat.  It  is  the  principal 
M  if  highly  civilized  nations.  The  skilAil  preparation  of  this  indispensable  article  con- 
Mililcs  the  art  of  the  Baker.  Dough  baked  without  being  fenneatad  constitutes  cakes 
«kiRaiU;  Vat  not  bread  strictly  speaking.  • 

Kay  lafims  us,  that  bariey  was  the  oiJy  species  of  com  at  first  used  for  foodt  and 
iher  the  method  of  reducing  it  to  flour  had  been  discovered,  it  was  long  before 
MUid  learaed  the  art  of  converting  it  into  cakes. 

OfcBs  were  first  invented  in  the  East  •  Their  constructkm  was  understood  by  the 
Jen»the  GfcAs,  and  the  Asiatics,  among  whom  baking  was  practised  as  a  distinct  pro- 
fcMiaa.  Ia  this  art,  the  Cappadocians,  Lydians,  and  Phoenicians,  are  said  to  have  par- 
Mviy  ezeeiled.  It  was  not  till  about  580  years  aOer  the  foundation  of  Rome,  that 
teaitisaiia  pasMd  iato  Europe.  The  Roman  armies,  on  their  return  from  Macedonia, 
kni|k  OraeiaB  bakers  with  them  into  Italy.  As  these  bakers  had  handmills  beside 
^wmm,  they  stiU  continued  to  be  called  pistoru,  from  the  ancient  practice  of  brnis- 
^ tkc  cofB  in  a  mortar;  and  their  bakehouses  were  denominated  pi»torim.  In  the  time 
^'AiilMtaa  there  were  no  fewer  than  329  public  bakehouses  in  Rome ;  almost  the  whok 
^  were  in  the  hands  of  Greeks,  who  long  continued  the  only  persons  ia  that  city 
^BNMii  with  tte  art  of  baking  good  bread. 
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In  nothine,  p<>rhap«,  is  the  wise  and  cautions  policy  of  the  Roman  gofcnmenC  more 
remarkably  displayed,  than  in  the  regulations  which  it  imposed  on  die  baken  withii 
the  city.  To  the  foreign  bakers  who  came  to  Rome  with  the  army  from  Macedoaia.  s 
number  of  freedmen  were  associated,  forming  together  an  ineorpoimtion  from  wUek 
neither  they  nor  their  children  could  separate,  and  of  which  eres  thoae  who  married  tke 
daughters  of  bakers  were  obliged  to  become  members.  To  this  ineorpormtion  were  ia. 
trusted  all  the  mills,  utensils,  slaves,  animals,  every  thing,  in  short,  whidi  bekmged  to 
the  former  bakehouses.  In  addition  to  these,  they  received  considerable  portions  of  land ; 
and  nothing  was  withhek),  which  could  assist  them  in  pursuing,  to  the  beat  adrmataffe, 
their  highly  prized  labors  and  trade.  The  practice  of  condemning  criminals  aad  thmei, 
Ibr  petty  offences,  to  work  in  the  bakehouse,  was  still  continued ;  and  even  tbe  jndacs  of 
Africa  were  bound  to  send  thither,  every  five  years,  such  persons  as  had  inearred  that 
kind  of  chastisement.  The  bakehouses  were  distributed  throughout  the  fourteen  divimM 
of  the  city,  and  no  baker  could  pass  from  one  into  another  without  spedal  pcfiuMMMi. 
The  public  granaries  were  committed  to  their  care;  they  paid  nothing  for  the  con  em- 
ployed in  bdcing  bread  that  was  to  be  giyen  in  largess  to  the  citixens;  and  the  price  of 
tbe  rest  was  regulated  by  the  magistrates.  No  com  was  given  out  of  these  graaariei  ex* 
eept  far  the  bsJcehouses,  and  for  the  private  use  of  the  prince.  The  bakers  had  bctkkf 
private  granaries,  in  which  they  deposited  the  grain,  which  they  had  taken  fion  the  pah- 
lie  granaries  for  immediate  use ;  and  if  any  of  them  happened  to  be  eoavietcd  of  havisg 
drvorted  any  portion  of  the  grain  to  another  purpose,  he  was  condemned  to  a  nrinoni  fiae 
of  five  hundred  pounds  weight  of  goU. 

Most  of  these  regulations  were  soon  introduced  among  the  Gauls;  but  it  was  king  to- 
fore  they  found  their  way  into  the  more  northern  countries  of  Europe.  BOTriehius  ialbfiii 
us  that  in  Sweden  and  Norway,  the  only  bread  known,  so  late  as  the  mkidle  of  the  Iftk 
eeatury,  was  unleavened  cakes  kneaded  by  the  women.  At  what  period  in  uur  own  Us- 
tory  the  art  of  bakini;  became  a  separate  profession,  we  have  not  been  able  to  ascerttii; 
but  this  profession  is  now  common  to  all  the  countries  in  Europe,  and  the  process  of 
baking  is  also  nearly  the  same. 

The  French,  who  particularly  excel  in  the  art  of  baking,  have  a  great  many  diffeml 
kinds  of  bread.  Their  pain  bis,  or  brown  bread,  is  the  coarsest  kind  of  all,  and  is  mide 
of  coarse  groats  mixed  with  a  portion  of  white  flour.  The  pain  bit  klane,  u  a  Idnd  of 
bread  between  white  and  brown,  made  of  white  flour  and  fine  groats.  T^e  pain  hkmcj 
or  white  bread,  is  made  of  white  flour,  shaken  through  a  sieve  after  the  finest  flour 
been  separated.  The  pain  moUet,  or  soil  bread,  is  maide  of  the  pufest  flour  without  UJ 
admixture.  The  pain  chaland,  or  customers'  bread,  is  a  very  white  kind  of  bread,  muSt 
of  pounded  paste.  Pain  ckaptU.^  is  a  small  kind  of  bread,  with  a  well-braten  and  Toy 
light  paste,  seasoned  with  butter  or  milk.  This  name  is  also  given  to  a  small  bread, fits 
which  the  thickest  crust  has  been  removed  by  a  knife.  Pain  coma,  is  a  name  gives  if 
the  French  bakers  to  a  kind  of  bread  made  with  four  comers,  and  sometimes  more.  Of 
aj]  the  kinds  of  small  bread,  this  has  the  strongest  and  firmest  paste.  Pats  d  la  rtiwi, 
queen's  bread,  ;»ata  d  la  Sigovie,pain  chapele,  and  pain  coma,  are  all  small  kinds  of  lrad> 
differing  only  in  the  lightness  or  thickness  of  the  paste.  Pain  grnau  is  a  small  rerj 
white  bread  made  now  in  Paris,  from  the  flour  separated  after  a  slight  griading  &m  ^ 
best  wheat.   Such  flour  is  in  hard  granular  particles. 

In  this  country  we  have  fewer  varieties  of  bread,  and  these  differ  chiefly  in  their  ^ 
grees  of  purity.  Our  white  or  fine  bread  is  made  of  the  purest  flour;  ourwhealtt 
bread,  of  flour  with  a  mixture  of  the  finest  bran ;  and  our  household  bread,  of  the 
substance  of  the  grain  wiihoat  the  separation  either  of  the  fine  flour  or  coarse  bran.  Wc 
have  also  symnel  bread,  manchet  or  roll  bread,  and  French  bread,  which  are  aH  mxiAd 
the  purest  flour  from  the  finest  wheat;  the  roll  bread  being  improved  by  the  addition  of 
milk,  and  the  French  bread  by  the  addition  of  eggs  and  butter.  To  these  may  be  tMd 
gingerbread,  a  cake  made  of  flour,  with  almonds,  liquorice,  aniseed,  rose-water,  and  Hgtf 
or  treacle;  and  mastlin  bread,  made  of  wheat  anid  rye,  or  sometimes  of  wheat  andbarkT' 
We  have  various  kinds  of  small  bread,  having  various  names,  according  to  their  variov 
forms.  They  are,  in  general,  extremely  Hght,  and  are  sweetened  with  sugar,  eunulir 
and  other  palatable  ingredients.  In  Seotiand  there  is  a  cake  called  thari  bnmdy 
from  a  pretty  thick  dough,  enriched  with  butter,  sweetened  with  sugar,  aad  scaso>cdini» 
orange  peel,  or  other  kinds  of  spices. 

The  process  of  making  bread  is  nearly  the  same  in  aH  the  countries  of  modem  Svopo; 
though  the  materials  of  which  it  is  composed  vary  with  the  farinaceooa  psodnetioM  of 
Afferent  climates  and  soils.  The  floor  of  wheat  is  most  generally  emfAoftd  for  this  ps^ 
pose,  wherever  that  vegetable  can  be  reared.  This  flour  is  composed  of  a  small  portiai 
of  mueiii^nous  saccharine  matter,  soluble  in  cold  water,  from  which  it  may  be  sepsntei 
by  evaporation;  of  a  great  quantity  of  starch,  which  is  scarcely  soluble  in  eold  water,  but 
capable  of  c(mibining  with  that  fluid  by  means  of  heat ;  and  an  adhesive  gray  snbstsnct 
called  gluten,  insoluble  in  water,  ardent  spirit,  oil,  or  ether,  and  resemUhig  an  auBtl 
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niklbiMe  io  muyof  its  properties.  Floor  kneaded  with  witer»foniit  •  tough  and  rather 
UtaMliMe  paate  cmitainfaif  all  the  ooostitaent  parts  which  we  have  enumerated.  Heat 
pwiiwea  a  cflnadrtahlff  change  on  the  glntinons  part  of  this  oomponndy  and  readers  it 
man  maf  of  aastif  tinn  and  digestion.  Still,  however,  it  continues  heavy  and  'tough, 
Bsaipaf  id  with  bread  which  is  raised  by  leavea  or  yeast.  Leaven  is  nothing  more  than  a 
piece  of  doagh,  kept  in  a  warm  place  till  it  undergoes  a  process  of  fennenlation ;  swelling, 
WWiing  spongy,  or  full  of  air  bubbles,  at  length  disengaging  an  acidulo-spirituous  va- 
por, and  cootracting  a  sour  taste.  When  this  leaven  is  mingled  in  proper  proportions 
with  fresh-made  dough,  it  makes  it  rise  more  readily  and  effectually  than  it  would  do 
aloae,  aad  gives  it  at  the  same  time  a  greater  degree  of  firmness.  Upon  the  quality  of 
Ike  Wftven  employed,  the  quality  of  the  bread  materially  depends. 

The  principal  improvement  which  has  been  made  on  bread  in  modem  times,  is  the 
nhiiitatiott  of  yeast  or  barm  in  place  of  common  leaven.  This  yeasi  is  the  viscid  froth 
ttat  rites  to  the  surface  of  beer,  in  the  first  stage  of  its  fermentation.  When  mixed  with 
tte  doogh,  it  makes  it  rise  much  more  speedily  and  effectually  than  ordinary  leaven, 
ad  the  bread  is  of  course  much  lighter,  and  freer  from  that  sour  and  disagreeable  taste 
which  may  often  be  perceived  in  bread  raised  with  leaven,  either  because  too  much  is 
Magled  with  the  paste,  or  because  ii  has  been  allowed  to  advance  too  far  in  the  process 
if  fermentation. 

Bt«ad  properly  raised  and  baked  differs  materiaUy  from  unleavened  cakes,  not  only  in 
leiag  lesB  compact  and  heavy,  and  more  agreeable  to  the  taste,  but  in  losing  its  tena- 
Ms  and  giotinous  qualities,  and  thus  becoming  more  salatary  and  digestible. 

We  posaesi  several  analyses  of  wheat  flour.  Ordinary  wheat  (triiieum  kybemum 
mini  wUk  tritieum  iurgidum)  contains,  according  to  the  analyses  made  by  Vanqudin 
if  several  species  of  wheat  flour,  the  following  substances : — 


S^tCiM  of  WiMttt. 

Wit*r. 

Gluten. 

Starch. 

8af«r. 

Gun. 

Brto. 

Tonl. 

W«t«r 

ofdooffa 

French  wheat  floor  -  - 

1(H) 

10-96 

71-49 

4-72 

3-32 

100-49 

50-3 

Haid  wheat  of  Odessa 

12*0 

14-55 

56-60 

8*48 

4-90 

2-3 

98-73 

51-2 

Soft  wheat  of  Odessa 

floor-  ..... 

10-0 

12-00 

62-00 

7-56 

5-80 

1-2 

98-42 

54-8 

toe  tort  of  floor  -  - 

8-0 

12-10 

70-84 

4-90 

4-60 

100-41 

37-4 

SsBw  soit  of  floor  -  - 

120 

7-30 

7200 

6-42 

3-30 

100-02 

37-2 

Wheal  of  the  French 

bakers  

10-0 

10-20 

72-80 

4-20 

2-80 

100-00 

40^^ 

Floorer  the  Paris  hot- 

pilak  (2d  quality)  - 

8-0 

10-30 

71-20 

4-80 

3-60 

97-90 

rr-8 

Dino  (3d  qoality)  -  - 

12-0 

902 

67-78 

4-80 

4-60 

2-0 

100*21 

37-8 

The  ftOoaring  taUe  of  analyses  merits  also  a  place  here. 


SyniMorFlMr. 

Waiv. 

Olvl«m. 

Starch. 

8«f»r. 

GaBiBiiflut«a 

AJbomen. 

Bran. 

Ikvofdie  tritieoffl  spelta 
KHo  triiieoB  hybernom 

INto  wheat   and  rye 
(mnstlin)    -  - 

1 

1 

6 

22- 
24- 
12-5 

9-80 

74- 
68- 

74-  5 

75-  50 

5-50 
5-0 
12- 

4-22 

1- 
1- 
2- 

3-28 

1-50 
1-50 

1-2 

The  inC  two  of  the  above  analyses  were 
ftMlf  Vanqoclin. 
iaabies  of  tiK  floor  of  some  other  corns 

1 

Bade  by  Vogcl,  the  third  by  Proost,  and  (he 

flpMi««r  FlMf. 

Staich. 

llf«eilaff0. 

01«t«B. 

AlbanMO. 

Soffar. 

Riiak. 

Vordein. 

jMVMri      -  -  - 

09-00 
32-00 

^fl 

9- 

3- 

4-30 

8-25 
Of  rtnut 
2 

Of  a  fat  oil, 
2 

55. 

IktiM  aaalyiis  is  by  Vogel,  the  second  by  ProosL 
Jh^Hwes  Io  be  remarked,  that  the  floor  of  Odesra  contains  a  much  greater  quantity 
*i^lkan  the  French  floor.   The  sobstance  uidicatcd  in  the  preceding  table  by  the 
■^if|fM%iithoffartenof  Beeettiof  that  is  to  say,  a  mixtore  of  gloten  and  vegetable 
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■Ibamen.  The  gum  of  wheat  is  not  quite  identical  with  ordinary  gum.  It  is  a  bnmii 
axotized  snhstanee,  which,  when  treated  by  nitric  acid,  affords  no  mudc  acid,  bat  aalie 
acid  and  the  bitter  principle  of  Welter.   It  contains  besides  superphosphate  of  lime. 

The  last  column  of  the  first  table  exhibits  the  quantity  of  water  necessary  to  coDTCtt 
the  fiour  into  dough  of  the  ordinary  consistence,  and  it  is  usually  proportional  to  the 
quantity  of  gluten.  The  hard  wheat  of  Odessa  forms  an  exception  in  this  respect ;  the 
reason  of  the  difference  being  that  the  storch  contained  in  this  flour  is  not  as  in  or- 
dinary flour  in  a  fine  powder,  but  in  small  transparent  grains,  which  resemble  pounded 
gum,  and  absorb  less  water  than  pulvenilent  starch. 

The  triiicum  monococcon,  according  to  Zenneck,  contains  in  its  unsifted  flour,  16*334 
of  gluten  and  vegetable  albumen ;  64*838  of  stnrcli ;  1 1*347  of  gum,  sugar,  and  extractire; 
7*481  of  huitks.  The  sifted  fiour  affords  15*536  of  gluten  and  vegetable  albumen; 
76*459  of  starch;  7*198  of  suijar,  gum,  and  extractive;  0*807  of  husky  matter.  It  is 
difiicult  to  conceive  how  such  grent  quantities  nf  glr.irn,  albumen,  and  extractive  matter 
could  disappear  in  the  sifting.  The  triticum  spelta  contains  in  100  parts  of  the  finest 
flour,  22-5  of  a  soft  and  humid  gluten,  mixed  with  vegetable  albumen ;  74  of  starch,  and 
5*6  of  sugar.   Here  we  have  an  excess  of  2  parts  in  the  J 00. 

Wheat  furnishes  very  little  ashes  by  inrincration,  not  more  than  O'lo  per  cent,  of  the 
weight;  contninini;  superphosphates  of  sodn,  Viir.Pf  nnd  mnpnc$ia. 

The  object  of  baking  is  lu  combine  the  ulutcn  and  starch  of  the  flour  into  a  homo- 
geneous substance,  and  to  excite  such  a  vinous  fermentative  action,  by  means  of  its 
saccharine  matter,  as  shall  disengage  abundance  of  carbonic  acid  gas  in  it  for  making 
an  agreeable,  soft,  succulent,  spongy,  and  easily  digostible  bread.  The  two  evils  to  be 
avoided  in  baking  are  hardness  on  the  one  hand,  and  pastiness  on  the  other.  Well-made 
bread  is  a  chemical  compound,  in  which  the  gluten  and  starch  cannot  be  recognised 
or  separated,  as  before,  by  a  stream  of  water.  When  flour  is  kneaded  into  a  dough, 
and  spread  into  a  cake,  this  cake,  when  baked,  will  be  homy  if  it  be  thin,  or  if  thick, 
will  be  touch  and  clammy ;  whence  we  see  the  vahie  of  that  fermentative  process,  which 
generates  thousands  of  little  cells  in  the  mass  or  crumb,  each  of  them  dry,  yet  tender 
and  succulent,  thn>uch  the  intimate  combination  of  the  moisture.  By  this  eonstitution 
it  becomes  easily  soluble  in  the  juices  of  the  stomach,  or,  in  other  wonis,  light  of  diges- 
tion. It  is  morciucr  much  less  liable  to  turn  sour  than  cakes  made  from  nnfennented 
dough. 

Rye.  which  also  forms  a  true  sponey  bread,  thouch  inferior  to  that  of  wheat,  eonsist^ 
'af  similar  incretlirnts ;  namely,  61*07  of  starch;  9*48  of  rinten;  3*28  of  vegelahlc— 
«tbumcn :  3-.*S  of  uncn stallizable  suear;  11*09  of  cum;  6*38  c-f  vegetable  fibre j  tht_" 
los;  u)xm  the  100  p^'^rts  amounted  to  5*62.  including  an  acid  whose  nature  the  aniilytt=_ 
M-  Kinhof.  did  not  lirtfrmine.  Rye  flour  contains  also  several  salts,  principally  the 
plu>sihntos  of  \imc  and  mnsnrsin.  This  kind  of  grain  forms  a  dark-colored  bread 
reckoned  ver\-  wholf»s»Mne:  citmimiatively  little  used  in  this  country,  bat  very  much  ic^» 
France,  •rt'mmn)  ,  and  Prlsium. 

IVuch  i^rmentrd  with  the  aid  either  of  leaven  or  yeast,  contains  little  or  none  of  Uh^S 
saccharine  nMier  of  the  tlour.  but  in  its  sttrad  a  certain  portion,  nearly  half  its  weighC= — s 
oi'  spirit.  whioK  imports  to  it  a  vinous  sn-.ell,  nnd  is  volatilized  in  the  oven ;  whence  ^ 
micht  be  cv>ndrn«xl  into  a  crude  weak  alcohol,  on  the  plan  of  Mr.  Hick's  patent,  were  ^ 
worth  while.  But  the  incrx^asrd  complexity  of  the  baking  apparatus  will  probaUy  pim  ^ 
an  eilt^ciual  ob<irtolo  to  the  commercial  success  of  this  project,  upon  which  already  i^^^ 
wants  iM*  i."A>.iHH>  sirrlins:  havp  been  squandered. 

That  the  sucar  of  The  flour  is  the  true  element  of  the  fennentatkm  ,  , 

caUM  (Hinarv,  which  douch  nndrrciy*.  and  that  the  starch  and  eluten  have  - 

do  ^ith  It.  may  be  pwvni  by  decisive  experin-.enis.   The  vinous YennenUtioB  Ci->_„^  

Ull  thf  wHi>lo  sttcar  is  dectw.p.^1,  an.1  n^i  longer:  when,  il'  the  process  be  not  checke?^ 
by  the  hrai  ol  bakine.  the  acetous  iVnnewiition  wi'.l  supervene.   Therdore,  if  a  Utt^K-^ 
fucar  bo  :Kld<Nl  to  a  flour  which  c\mtains  little  or  none,  its  dough  will  become  siiaeeptib'9^ 
of  iVnnen'.iac.  wuh  evtiicaiion  of  cas,  s<'  as  to  ir.ake  s^wngv  sucmlent  bR«d.   Bat  sib^^ 
this  #pi>ncmrv*  i*  v»>xhict\l  ju»lely  by  the  exiricaiKm  of  sa«.'and  its  expansion  in  the  L-*""' 
of  the  oven,  an>  >ttVtance  capable  ol  emiitmc  cas,  cr  rf  being  converted  into  it  ond.^' 
these  cirv*un;>unces.  vtiU  answer  the  same  purpi>se.   Woe  a  sohitioB  of  hieoriiOBate 
omnH^nia  oblainnl  by  exi>>*ins  the  c^Mamt>n  *rsai-carK«ate  in  fttwder  for  a  day  to  tS>* 
air.  inci>ri>orati\l  with  the  dviuh.  in  the  *ubsei;uent  firing  it  will  be  eoBTcrtcd  im^ 
vaptv.  and  m  its  e\t1lcat^^n  lender  the  bnrad  verr  ;v^n>ns.   Xay,  if  water  htebl? 
impnrsnate*!  with  caiKxnic  acid  cas  be  u*<\i  tV«  kneadiac  the  d«u:h.  the  ranltias  iMO 
will  he  »Mv.ewh»i  C.n:l.»  a  h<hi  article  ol*  fvxxi  be  pcepored  in  this  ww,  thO 

as  the  *n«r»r  >fco«l.l  nrwam  undeev«if^>«rd.  the  bread  wwOi  be  w  much  the  sweeter,  and 
the  r.w!r  mn;ri*^hinc.  How  i*r  a  ehaa^r  pr^^pi:K^tt*  :o  dtcestioa  takes  place  la  the 
cmstitution  ihe  >tArvh  and  clutea.  .»i;nac  the  !Vr=:?r.ta-jve  actioa  of  the  dough.  hH 
oec  be«  hiiheno  ay<rriain«d  hi  pnvac  expenaeatt.  Medical 
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ierire  an  enormoai  revenue  from  djsi  epsi a,  sboulJ  tnkc  some  pains  to  investigate  this 
tBbicct. 

Dr.  ColquhooD,  in  his  able  essay  upon  the  art  of  makini*  bread,  has  shown  that  its  textnre, 
when  prepared  by  a  sudden  formation  and  disen£ra«?emcnt  of  elastic  flaid  generated  within 
the  oven,  diifers  remarkably  from  that  of  a  loaf  which  has  been  made  after  the  prepara- 
tory fermentation  with  yeast.  Bread  which  has  been  raised  with  the  common  carbonate 
of  ammonia,  as  used  by  the  pastry-cooks,  is  porous  no  doubt,  but  not  sponsy  with  vesicu- 
lar spaces,  Uke  that  made  in  the  ordinary  way.  The  former  kind  of  bread  never  presents 
that  air-«eU  stratifieation  which  is  the  boast  of  the  Parisian  baker,  but  which  is  almost  nn- 
koown  in  London.  I  have  found  it,  moreover,  very  difficult  to  expel  by  the  oven  the  last 
portion  of  the  ammonia,  which  gives  both  a  tin?e  and  a  taste  to  the  bread.  •  I  believe, 
however,  that  the  bicarbonate  would  be  nearly  free  from  this  objection,  which  operates 
to  maeh  aimist  the  sescjui-carbonate  of  the  shops. 

la  opposition  to  Mr.  Edhn's  account  of  the  excellent  quality  of  bread  made  by  im- 
precating don2h  with  carbonic  acid  gfas,*  Dr.  Colquhoun  adduces  Vogel's  experiments, 
which  show  that  such  dough,  when  baked,  after  having  been  kept  in  a  warm  situation 
dariag  the  nsual  time,  afforded  nothing  better  than  a  hard  cake,  which  had  no  resem- 
Hance  to  common  bread.  Vosrel  further  states,  as  illustrative  of  the  general  necessity 
of  providing  a  sufficient  supply  of  disengaged  elastic  fluid  within  the  dough,  before 
hiking  it  at  all,  that  when  he  made  various  attempts  to  form  a  well-raised  vesicular  loaf, 
within  the  oven,  by  mixing  flour  with  carbonate  of  magnesia,  or  with  zinc  filings,  and 
then  kneadiac  it  into  a  paste  by  means  of  water,  acidulated  with  sulphuric  acid,  he  al- 
ways met  with  complt*te  failure  and  disappointment.  Dr.  Colqnhoun  performed  a  series 
of  well-devised  experiments  on  this  subject,  which  fully  confirmed  VogePs  results,  and 
pcore  that  a  proper  sponi^y  bread  cannot  be  made  by  the  agency  of  either  carbonic  acid 
WBier,  or  of  mixtures  of  sesqui-corbonate  of  soda,  and  tartaric  acid.  The  bread  proved 
dcigby  and  dense  in  every  caSe,  thaogh  less  so  with  the  latter  mixture  than  the  former. 
Kq  loaf  bread  can,  indeed,  be  well  made  by  any  of  these  two  extemporaneous  systems, 
beeaote  they  are  inconsistent  with  the  thorough  kneading  of  the  dough.  It  is  this  pro- 
cem  whieb  renders  dough  at  once  elastic  enough  to  expand  when  carbonic  acid  gas  is 
generated  within  it,  and  cohesive  enough  to  confine  the  gas  when  it  is  generated.  The 
whole  gas  of  the  loaf  is  disengaged  in  its  interior  by  a  continuous  fermentation,  afler  all 
the  processes  of  kneadini;  have  been  Inished ;  for  the  loaf,  after  being  kneaded,  weighed 
osty  and  shaped,  is  set  aside  till  it  expands  gradually  to  double  its  bulk,  before  it  is  put 
iita  the  orau  Bat  when  a  dough  containing  scsqui-carbonate  of  soda  is  mixed  with  one 
moriatic  acid,  in  due  proportions  to  form  the  just  dose  of  culinary  salt,  the  gas 
cseapea  d«ria«  the  accessary  incorporation  of  the  two,  and  the  bread  formed  from  it  ii 
denta  mad  hard.  Dr.  Whiting  has,  however,  made  this  old  chemical  process  the  subject 
ef  a  new  patent  for  baking  bread. 

When  the  baker  prepares  his  dough,  he  takes  a  portion  of  the  water  needed  for 
Che  faiUchy  having  raised  its  temperature  to  from  70^  to  100^  F.,  dissolves  a  certain 
pfoportaon  of  his  aalt  in  it,  then  adds  the  yeast,  and  a  certain  quantity  of  his  flour. 
This  ■ixtnre,  called  the  fponge,  is  next  oovercd  np  in  the  small  kneading-trongh, 
aloagMdc  of  the  large  one,  and  let  alone  for  atfting  in  a  warm  situation.  In  about  an 
htnr,  signs  of  viooos  fermentation  appear,  by  the  swelling  and  heaving  up  of  the  sponge, 
ii  eanicqncnce  of  the  geaeration  of  carbonic  acid;  and  if  it  be  of  a  semi-liquid  con- 
•■Mcnee,  kife  air  bobbles  will  force  their  way  to  the  surface,  break,  and  disappear  in 
tffid  saceession.  But  when  the  tponge  has  the  consistence  of  thin  dough,  it  confines  the 
gM|  bMOBCs  thereby  equably  and  progressively  inflated  to  double  its  original  volume ; 
when  M  longer  capable  of  containing  the  pent-up  air,  it  bursts  and  subsides.  This 
ynccai  of  rising  and  /hlling  alternately  might  be  carried  on  during  twenty-four  hours, 
IM  the  hnker  has  learned  by  experience  to  guard  against  allowing  full  scope  to  the  fer- 
MitaAive  principle.  He  generally  interferes  after  the  first,  or  at  furthest  aAer  the 
ssbomI  or  third  droppiag  of  the  sponge ;  for  were  he  not  to  do  so,  the  bread  formed  with 
nek  dongh  wovld  be  invariably  found  sour  to  the  taste  and  the  smell.  Therefore  he 
sAb  at  thto  staae  to  the  sponge  the  reserved  proportions  of  fiour,  s&lt,  and  water,  which 
ait  leqaisite  to  make  the  dough  of  the  desired  consistence  and  sixe ;  and  next  incor- 
PMos  the  whole  together  by  a  long  and  laborious  course  of  kneadinir.  When  this 
^ywnttMi  has  bc«n  continued  till  the  fermenting  and  the  fresh  dough  have  been  intimately 
Headed,  and  till  the  glutinous  matter  of  both  is  worked  into  such  union  and  consistence 
the  amss  becomes  so  tough  and  elastic  as  to  receive  the  smart  pressure  of  the 
and  willMNtt  adhering  to  it,  the  kneading  is  suspended  for  some  time.  The  dough  is 
nvnhnadoaed  to  itself  for  a  few  honrs,  during  which  it  continues  in  a  state  of  active 
fci— iiliiiii  thranghoot  its  entire  mass.  Then  it  is  subjected  to  a  second  but  nraeh 
km  khorioBS  knendiag,  in  order  to  distribute  the  generated  gas  as  evenly  as  possiUtt 
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■moiif  its  parts,  so  that  they  may  all  partake  equally  of  the  Tesieukr  stmetore.  After 
this  second  knouling,  the  dough  is  weighed  out  into  the  portions  suitable  to  the  aiie  cf 
brend  desired ;  which  are  of  course  shaped  into  the  proper  forms,  and  once  more  set 
aside  in  a  warm  situation.  The  continuance  of  the  fermentation  soon  disengages  a  IVnh 
quantity  of  carbonic  acid  gas,  and  expands  the  lumps  to  about  double  their  pristiM  Tfdome. 
These  are  now  ready  for  the  oven,  and  when  they  finaUy  quit  it  in  the  baked  state,  are 
about  twice  the  size  they  were  when  they  went  in.  The  generation  of  the  due  quantity 
of  gas  should  be  complete  before  the  lumps  are  transferred  to  the  oven ;  because  wkenerer 
they  encounter  its  heat,  the  process  of  fermentation  is  arrested ;  for  it  is  only  the  preii- 
ouuy  existing  air  which  gets  expanded  throughout  every  part  of  the  k)af,  swdk  ovt  its 
volume,  and  gives  it  the  piUd  and  vesicular  lexture.  Thus  the  well-bak«l  kMf  is  eoB> 
posed  of  an  infinite  number  of  cellules  filled  with  carbonie  add  gas,  and  appareatlf  lined 
with  a  glutinous  membrane  of  a  silky  softness.  It  is  this  which  gives  the  light,  chitif, 
popons  constitution  to  bread. 

After  sufiering  the  fermentative  process  to  exhaust  itself  in  a  mass  of  dongk,  aad  the 
dough  to  be  brought  into  that  state  in  whisk  the  addiiwn  of  neither  yeast,  nor  stnrch,aor 
gluten  will  produce  any  eflect  in  restoring  that  action,  if  we  mix  in  4  per  cent,  of  saccha- 
rine matter,  of  any  kind,  with  a  little  yeast,  the  proccssiof  fermentation  will  immfdiatdy 
re-commence,  and  pursue  a  course  as  active  and  lengthened  as  at  first,  and  cease  about 
the  same  period.* 

This  experiment,  taken  in  connexion  with  the  fiicts  fomerly  stated,  proves  that  what 
vns  called  panary  fermentation,  is  nothing  but  the  ancient  and  well-known  process  of  the 
vinous  fermentation  of  sugar,  which  generates  alcohol.  There  seems  to  be  but  eae  ob- 
jection to  the  adoption  of  this  theory.  A  Aer  the  loaf  is  baked,  there  is  fbnftd  in  its  com- 
position nearly  as  much  saccharine  matter  as  existed  in  the  fiour  before  fermcMatkm. 
M.  Vogel  states  that  in  the  baked  bread  there  remains  3*6  parts  of  sugar,  out  of  the 
5  parts  which  it  originally  contained.  Thus,  in  100  parts  of  loaf  bread  prepared  witk 
wheaten  flour,  distilled  water,  and  yeast  without  the  admixture  of  any  eommon  salt,  he 
found  the  foUowing  ingredients : — 

Sugar         ...  3*6 
Torrefied  or  gummy  starch        -  18*0 
Starch        ...  53*5 
Gluten,  combined  with  a  litUe  sUrch,  20*75 
E!xclnsive  of  carbonic  acid,  muriate  of  lime,  phosphate  of  lime,  lie. 

It  must  be  borne  in  mind  that  in  every  loaf  ihe  process  of  fermentation  has  beca  pre^ 
maturely  checked  by  the  baker's  oven,  and  therefore  the  saccharine  constituent  eaa  nevev 
be  wholly  decomposed.  It  seems  certain,  also,  that  by  the  action  of  gluten  opon  the?' 
starch  in  the  early  stage  of  the  firing,  a  quantity  of  sugar  will  be  formed  by  the  saccha-^ 
rine  fermentation ;  which  we  have  explained  in  treating  of  Beer. 

Several  masses  of  dough  were  prepared  by  Dr.  Colquhoun  in  which  pure  wheat  stareli^ 
was  mixed  with  common  flour,  in  various  proportions.   In  some  of  the  lumps  this  starel» 
had  been  gelatinized,  with  the  mtnimutn  of  hot  water,  before  it  was  added  to  the  flour-ii- 
Aiter  introducing  the  usual  dose  of  salt,  the  dough  was  thoroughly  kneaded,  set  apwt  IbiT' 
the  proper  period,  allowed  to  ferment  in  the  accustomed  way,  and  then  baked  in  the  orcn^ 
In  outward  appearance,  increase  of  bulk,  and  vesicular  texture,  none  of  them  dilRnetS 
materially  from  a  common  loaf,  baked  aJong  with  them  for  the  sake  of  cempuisoB  ^ 
except  that  when  the  starch  considerably  exceeded  the  proportion  of  fiour  im,  the  husp^ 
the  loaf,  though  whiter,  had  not  risen  so  well,  being  somewhat  less  vesicular.   But,  mm 
tasting  the  bread  of  each  loaf,  thpse  which  contained  most  gelatinized  starah  were  qbcz-' 
pectedly  found  to  be  the  sweetest.   The  other  loaves,  into  which  smaller  qmnlHies  of^ 
the  gelatinized  starch  had  been  introduced,  or  only  some  dry  staich,  had  ne  *weeCiil» 
taste  whatever  to  distinguish  them  from  ordinary  bread.   These  facts  seem  t*  cst»bliBlar 
the  conclusion,  that  the  presence  of  gelatinous  starch  in  bread  put  into  the  evesy  ii 
means  of  forming  a  certain  portion  of  saccharine  matter  within  the  loaf,  daring  the  bak^ 
ing  process. '  Now  it  is  more  than  probable  that  gelatinized  starch  does  exist,  Mie  eC 
less,  in  all  loaves  which  have  been  fermented  by  our  usual  methods,  and  hence  a  eertaiv 
quantity  of  sugar  wiU  necessarily  be  generated  at  its  expense,  by  the  action  oi  heat. 
Thus  the  difficulty  started  by  M.  Vogel  is  sufficiently  solved ;  and  there  remains  no  dwibS 
that,  in  the  saccharine  principle  of  fiour,  the  fermentatu)a  has  its  origin  and  end,  whOe^oa^ 
is  under  fermentation. 

The  source  of  the  sourness  which  supervenes  in  bread,  under  careless  or  UMkililiS 
hands,  had  been  formerly  ascribed  to  each  of  all  the  constituents  of  fiour;  to  its  g^vten^ 
its  starch,  and  its  sugar;  but  erroneously,  as  we  now  see  :  for  it  is  merely  thefeeult  oC 
the  second  fermentation  which  always  succeeds  the  vinous,  when  pushed  impropefly 
far.   It  has  been  universally  taken  for  granted  by  authors,  that  the  add  thna  general^ 

*  Dr.  CoIqahoojB,  ia  Aaaala  of  Philotophy  for  18M,  toL  zii.  p.  171. 


BREAD. 


183 


m  dmigk  u  the  acetic.   Bat  there  appear  f^oo^  snronnds  to  believe  that  it  is  frequently 
aloKTolaCile  acMl,  probably  the  laclic,  particularly  when  the  process  has  been  taidy, 
(nm  the  imperfectioo  of  the  yeast  or  the  bad  qaaUty  of  the  flour.   The  experiments  of 
Vcfd,  BraeoBaoC,  and  others,  prove  that  the  latter  acid  is  ueneraied  very  readUy,  and  in 
nmi^hkf  qnanUty  during  the  spontaneous  decompoMiion  of  a  greit  many  vegetable 
wb<aneet»  when  in  a  sUte  of  humidity.   The  presence  of  lactic  acil  would  account 
for  the  ewMma  lact,  that  the  acidity  ol"  unbaked  dongh  is  much  more  percepUWe  to  the 
Me  than  to  the  smell;  while  the  sourness  of  the  same  piece  of  bread,  aAer  coming  out 
if  the  oven,  it,  on  the  contrary,  much  mqre  obvious  to  the  olfactory  organs  than  to  the 
pttale.  Bat  this  is  eiaetly  what  ought  to  happen,  if  the  lactic  acid  coniributes,  in  eon- 
jvdioa  with  the  acetic,  to  produce  the  aceseence  of  the  dough.   At  the  ordinary  tera- 
poitaie  of  a  bakehouse,  the  former  acid,  though  very  perceptible  in  the  mouth,  is  not 
dhtiigiiihable  by  the  nostrils;  but  as  it  is  easily  decomposed  by  heat,  no  sooner  is  it  ex- 
fmd  to  the  high  temperature  of  the  oven,  than  it  is  resolved,  in  a  great  measure,  into 
aeelie  acid,*  and  that  becomes  more  manifest  to  the  sense  of  smell,  and  less  to  that  of 
iMte.  This  theory  seems  to  explain  satisfactorily  all  the  phenomena  accompanying  the 
pngKsi  of  fermentation  in  baker's  dou^h,  and  also  some  of  its  results  in  the  process  of 
tattif  iddch  do  not  easily  admit  of  any  other  solution. 

That  are  eitremely  simple  and  effectual  methods  for  enabling  the  baker  to  adopt 
■Mm  either  to  prevent  or  correct  the  evil  of  acescence,  and  these  are  to  nentralise 
Ik  ted  by  the  doe  exhibition  of  an  alkali,  such  as  soda ;  or  an  alkaline  earth,  such  at 
■igtuia  or  chalk.  And  it  affords  a  striking  proof  of  how  much  the  artisan  has  been 
•fwrtomed  to  plod,  nninquiring  and  uninformed,  over  the  same  ground,  that  a  remedy 
is  nfe  and  to  economical,  should  remain  at  this  day  un thought  of  and  unemployed  by 
■Nt  if  the  mannfactnrers  of  bread  in  the  United  Kingdom.  The  introduction  of  a 
■mI  portion  of  carbonate  of  soda  will  rectify  any  occasional  error  in  the  result  of  the 
is  criM  paaary  fermentation,  and  will,  in  fact,  restore  the  dough  to  its  pristine  tweei- 
sea.  The  quantity  of  acetate  pf  soda,  which  will  be  thus  present  in  the  bread,  will  be 
ihpfether  inconsiderable ;  and  as  it  has  no  disagreeable  taste,  and  is  merely  aperient  to 
tke  boweb  in  a  very  mild  degree,  it  can  form  no  objection  in  the  eye  of  the  pnblie 
pohee.  The  restoration  of  doagh  thus  tainted  with  acid,  and  its  conversion  into 
pktmit  and  wholesome  bread,  has  been  sufficiently  verified  by  experiment.  Bat, 
seeording  to  Mr.  Edmund  Davy,  carbonate  of  magnesia  may  be  used  with  still  greater 
i^rattaee,  as  during  the  slow  action  of  the  acid  upon  it,  the  carbonic  acid  evolved 
itfTcs  to  open  ap  aad  lighten  bread  which  would  otherwise  be  dense  and  dongfay  from 
Ike  itdifaent  quality  of  the  flour.  Here,  however,  the  dangerous  temptation  lies  with 
«  mdid  baker  to  use  cheap  or  damaged  flour,  and  to  rectify  the  bread  made  of  it  bv 
cWaieal  agents,  inno^t  in  vhemselves,  but  injurious  as  masks  of  a  bad  raw  material. 
WlKt  soar  yeast  mast  be  used,  as  sometimes  happens  ^ith  the  country  bakers,  or  in 
privile  hontet  at  a  distance  from  beer  breweries,  there  can  be  no  harm,  but,  on  tha 
CBiirtiy,  mnch  propriety,  in  correcting  its  acidity,  by  the  addition  of  as  much  carbonate 
«f  lids  Id  it  as  will  effect  its  neutralization,  but  nothing  more.  When  sour  yeast  hat 
that  corrected,  it  has  been  found,  in  practice,  to  possess  its  fermentatire  power  an« 
■ipiired,  and  to  be  equally  effieadons  with  fresh  formed  yeast,  in  making  good  pakt»- 
Htlsivet. 

Wt  have  seen  that,  ia  baking,  about  one  fourth  of  the  starch  is  converted  into  a 
■ittcr  pottttsing  the  properties  of  British  gmm  (see  SrAacH),  and  also  that  the  gluten, 
^it|h  not  decomposed,  has  its  particles  disunited,  and  is  not  so  tough  and  adhesive  as 
il  ii  in  the  floor.  This  principle  it  also,  as  we  have  said,  useful  in  cementing  all  tha 
Mdct  tf  the  dongh  into  a  tenacioat  mats,  capable  of  confining  the  elastic  flnid  gene- 
ntoi  hy  the  rinont  fermentation  of  the  sugar.  Starch  it  the  main  conttituent,  the  batit 
^  iiifiihwi  nt  in  bread,  as  well  as  in  aP  fkrinaceous  articles  of  food.  The  albumen  al- 
•  if  the  wheat,  being  coagulated  by  the  heat  of  the  oven,  eontributet  to  the  setting  of 
^Wetd  into  a  consistent  elastic  body. 

h  the  millt  in  the  neighborhood  of  London,  no  lett  than  teven  distinct  torts  of  iovr 
Viponad  oat  of  one  quantity  of  wheat.   These  are  for  one  quarter — 


Fine  flour  - 
Seconds  - 
Fine  ouddlingt 
Coarse  middlings 
Bran  . 
Twenty-penny  - 
Fdinid  -    -  . 


0  2 

0  1 

0  0-5 

3  0 

3  Q 
2 


5  bushels  3  pecks. 


14  2-5 

•WmmVm. 
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So  that  we  liaTe  ■early  a  doaUe  balk  of  dour,  or  H  bnsbels  tod  2^  peeks  from  8  bosheii 
of  wheat.  InlhesiAing  of  the  flour  through  the  bolter,  there  is  a  fine  white  aagolar  meal 
obtained  called  sharps,  which  forms  the  central  part  of  the  frrain.  It  is  consosed  partly 
by  the  fine  biscuit  baken.  The  bakers  of  this  country  were  formerly  boand  by  law  to  bake 
three  kinds  of  bread,  the  wheaten,  staitdard  wkeateuj  and  the  hotuAold;  marked  respec- 
tively with  a  W,  S  W,  and  H,  and  if  they  omitted  to  make  these  marks  on  their  bfcad 
they  were  liaUe  to  a  penalty.  The  sice  of  the  k>aves  were  usually  peek,  balf.peck, 
quartern,  and  half-quartern  ;  the  weights  of  which,  within  48  honrs  of  their  being  baked, 
ibouid  haTe  been  respectively  17  lbs.  6  oz. ;  8  lbs.  II  oz. ;  4  lbs.  5  oz.  8  dr. ;  and  4  lbs. 
2  oz.  14  dr.  In  general  they  weigh  about  one  seve&th  more  before  they  enter  the  ovea, 
oar  they  lose  one  seventh  of  their  weight  in  baking.  The  French  bread  loses  fully  one 
sixth  in  the  oven,  owing  chiefly  to  its  mon  oblong  thin  shape,  as  compared  W  the 
esbical  shape  of  the  English  bread.  But  this  loss  of  weight  is  very  variable,  being  de- 
pendant upon  the  quality  of  the  wheaten  flour,  and  tht  circumstances  of  bi^ng.  The 
present  law  in  England  defines  the  quartern  loaf  at  4  lbs.,  and  subjects  the  baker  ta  a 
penally  if  the  bread  be  one  ounce  l^hter  than  the  standard.  Hence  it  leaves  the  baker, 
in  self-defence,  to  leave  it  in  rather  a  damp  and  doughy  state.  But  there  is  natik  light 
bread  sold  in  London.  I  have  met  with  quartern  loaves  of  3  lbs.  10  oz.  A  sack  of  floav 
weighing  280  lbs.  was  presumed  by  the  fraraers  of  our  foraaer  parliamentary  aetSy  Ibr  the 
assize  of  bread,  to  be  capable  of  being  baked  into  80  loaves.  If  this  proportioa  had  been 
correct,  one  fiAh  part  of  our  quartern  loaf  must  eonsist  of  water  and  sa&,  and  Ibor  fifths 
of  flour.  But  in  general,  of  good  wheaten  ffoof,  three  parts  will  take  up  one  part  of 
water ;  so  that  the  sack  of  flour  should  have  turned  out,  and  actually  did  tttra  out,  more 
than  80  loaves.   At  present  with  4  lb.  bread  it  may  well  yield  92  loaves. 

The  following  statement  of  the  system  of  baking  at  Paris,  I  received  in  1835  &om  a 
very  competent  judge  of  the  business. 

1,000  kilogrammes  of  wheat=5  quarters'English,  cost  200  fr.,  and  yield  800  kiks. 
of  flour  of  the  best  white  quality,  equivalent  to  5^1^  sacks  French.  Hence  the  sack  of 
flour  costs  40  francs  at  the  mill,  and  including  the  carriage  to  Paris,  it  costs  45  or  46 
francs. 

The  profit  of  the  flour  dealer  is  about  3^  francs,  and  the  sale  price  becomes  from  43  t9 
50  francs. 

Bread  manufactured  from  the  above. 

£  $.  d.      £   9.  rf. 

One  day's  work  of  an  ordinary  baker,  who  makes  four  batches 
in  a  day,  consists  of  3  sacks  at  50  francs,  or  2/.  sterling  each  6    0  0 

Salt  2i  lbs.  at  2/i.  per  lb.   0  0 

Yeast  or  leaven  3  lbs.  at5d.   01 


Total  cost  of  materials         .......  $] 

Expensti  of  Baking, 
Three  workmen  at  different  rates  of  wages,  15  francs    -      -  0  12  0 
Fire-wood  0,  as  the  charcoal  produced  pays  for  it  - 
General  expenses,  such  as  rent,  taxes,  mterest  of  capital,  &c.     0  12  0 


14  0  =  14 


7  5 

For  this  sum  315  loaves  are  made,  being  105  for  every  sack 
of  flour  weighing  156-66  kilos,  or  344*  lbs.  avoird.  One 
loaf  contains  therefore  =  3-282  lbs.,  and  as  100  lbs. 

of  flour  in  Parisian  baking  are  reckoned  to  produce 
127  lbs.  of  bread,  each  toaf  will  weigh  4-168  lbs.,  avoird., 
and  will  cost  71.  5s.  8^.  divided  by  315  =  5^.  very 
nearly.  The  value  of  315  loaves  at  the  sale  price  of  Bd, 
will  be--..-..  7  17 


Upon  this  day's  work  the  clear  profit  is  therefore      -  -  0  11  _ 

A  new  baking  establishment  has  been  recently  formed  at  the  Royal  Clarcnw-tf 
Victualling  EsUblishment  at  Weevil,  near  Portsmonlh,  upon  a  scale  of  magnitude  neaL^ 
ly  sufficient  to  supply  the  whole  royal  navy  with  biscuits,  and  that  of  a  very  snperic^S 
description.   The  following  account  of  it  is  taken  from  the  United  Service  Journal- 
•*  It  having  been  discovered  that  the  flour  supplied  to  government  by  contract,  had  £ 
many  instances  been  most  shamefully  adulterated,  the  com  is  ground  at  mills  comprise  ^ 
within  the  establishment,  by  which  means  the  introduction  of  improper  ingredients 
prevented,  and  precisely  the  proportion  of  bran  which  is  requisite  in  the  composition  m 
good  sea-biscuit  is  retained,  and  no  more.   The  flour-mill  is  furnished  with  ten  pairs  » 
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Btoaes,  liy  which  40  bashels  of  floor  may  be  ground  and  dressed  ready  for  baking,  in  an 
boor.  The  baking  establishment  consists  of  9  ovens,  eaeh  13  feet  long  by  11  feet  wide, 
and  17)  inches  in  height.  These  are  each  heated  by  seporatc  fomaces,  so  constructed 
that  a  blast  of  hot  air  and  fire  sweeps  through  them,  and  gives  to  the  interior  the 
requisite  dose  of  heat  in  an  incredible  short  space  of  time.  The  first  operation  in 
making  the  biscuits  consists  in  mixing  the  flour,  or  rather  meal  and  water ;  13  gallons  of 
water  are  first  introduced  into  a  trough,  and  then  a  sack  of  the  meal,  weighing  280  lbs. 
When  the  whole  has  been  poured  in  by  a  channel  communicating  with  an  npper  room,' 
a  bcdl  rings,  and  the  trough  is  closed".  An  apparatus  consisting  of  two  sets  of  what  are 
called  knives,  each  set  ten  in  number,  are  then  made  to  revolve  amongst  the  flour  and 
water  by  means  of  machinery.  This  mixing  operation  lasts  one  minute  and  a  half, 
daring  which  time  the  double  set  of  knives  or  stirrers  makes  twenty-six  revolutions.  The 
next  process  is  to  cast  the  lumps  of  dough  under  what  are  called  the  breaking-roUers,— 
huge  cylinders  of  iron,  weighing  14  cwt.  each,  and  moved  horizontally  by  the  machinery 
akmg  stout  tables.  The  dough  is  thus  formed  into  huge  rude  masses  6  feet  kmg  by  8 
feet  broad,  and  several  inches  thick.  At  this  stage  of  the  business,  the  kneading  is  fCill 
very  imperfect,  and  traces  of  dry  flour  may  still  be  detected.  These  great  masses  of 
donsh  are  now  drawn  out,  and  ^  cut  into  a  number  of  smaller  masses  about  a  foot  and  a 
half  long  by  a  foot  wide,  and  again  thrust  under  the  rollers,  which  is  repeated  until  the 
mixture  b  so  complete  that  not  the  slightest  trace  of  cny  inequality  is  discoverable  ia  any 
part  of  the  mass.  It  should  have  been  stated  that  two  workmen  stand  one  at  each  sid« 
of  the  rollers,  and  as  the  dough  is  flattdhed  out  th^  fold  it  up,  or 'double  one  part  upon 
another,  so  that  the  roller  at  its  next  passage  squeezes  these  parts  together,  and  forces 
them  to  mix.  The  dough  is  next  cut  into  small  portions,  and  being  placed  upon  large 
flat  boards,  is,  by  the  agency  of  machinery,  conveyed  froA  the  centre  to  the  extremity  of. 
the  baking-room.  Here  it  is  received  by  a  workman,  who  places  it  under  what  it 
called  the  sheet  roller,  but  which,  for  size,  Color,  and  thickness,  more  nearly  resembles 
a  blanket.  The  kneading  is  thus  complete,  and  the  dough  only  requires  to  be  cut  into 
biscuits  before  it  is  committed  to  the  oven.  The  cutting  is  effected  by  what  is  called 
the  cutting-plate,  consisting  of  a  net-work  of  52  sharp-edged  hexagonal  frames,  each  at 
large  as  a  biscuit.  This  frame  is  moved  slowly  up  and  down  by  machinery,  and  the 
workman,  watching  his  opportunity,  slides  under  it  the  above^escribed  blanket  of 
dough,  which  is  about  the  size  of  a  leaf  of  a  dining-t^ble ;  and  the  cutting-frame  in  its 
descent  indents  the  sheet,  but  does  not  actually  cut  it  through,  but  leaves  suflScient 
substance  to  enable  the  workman  at  the  mouth  of  the  oven  to  jerk  the  whole  mass  of 
biscuits  unbroken  into  it.  The  dough  is  prevented  sticking  to  the  cutting-frame  by 
the  following?  ingenious  device :  between  each  of  the  cutter-frames  is  a  small  flat  open 
frame,  moveable  up  and  down,  and  loaded  with  an  iron  ball,  weighing  several  ounces. 
When  the  great  frame  comes  down  upon  the  dough,  and  cuts  out  52  biscuits,  each  of 
tliese  minor  frames  yields  to  the  pressure,  and  is  raised  up ;  but  as  soon  as  the  great 
frame  ri«es,  the  weight  of  the  balls,  acting  upon  the  little  frames,  thrusts  the  whole 
blanket  off,  and  allows  the  workmen  to  pull  it  out.  One  quarter  of  an  hour  is  sufiicient 
to  bake  the  biscuit,  which  is  afterwards  placed  for  three  days  in  a  drying  room,  heated 
to  85*^  or  90*^,  which  completes  the  process.''  The  following  statement  of  the  per- 
/brmance  of  the  machinery  is  taken  from  actual  experiment ;  in  1 16  days,  during  68  of 
Which  the  work  was  continued  for  only  7^  hours ;  and  during  48,  for  only  5f  hoars 
emch  day,  in  all  769  working  hours,  equal  to  77  days  of  10  hours  &Lch ;  the  following 
quantity  of  biscuit  was  baked  in  the  9  ovens,  viz. :  12,307  cwt.  =  1,378,400  lbs.  The 
w«gcs  of  the  men  employed  in  baking  this  quantity  amounted  to  273/.  ]0«.  9id, ;  if  it 
bad  been  made  by  hand,  the  wages  would  have  been  933/.  9s,  lOd, ;  saving  in  the  wages 
of  labor,  659/.  7j.  O^d,  In  this,  is  not  included  any  part  of  the  interest  of  the  sum  laid 
otat  upon  the  machine,  or  expended  in  keeping  it  in  order.  But  in  a  very  few  years,  at 
*iach  an  immense  rate  of  saving,  the  cost  of  the  engine  and  other,  machinery  will  be 
■^paid.  This  admirable  apparatus  is  the  invention  of'  T.  T.  Grant,  Esq.,  storekeeper  of 
Royal  Clarence  Victualling  Establishment,  who,  we  believe,  has  been  properly 
■"^warded,  by  a  grant  of  2,000/.  from  government. 

The  labor  of  incorporating  the  ingredients  of  bread,  viz.,  flour,  water,  and  salt,  or 
^leading  dough,  is  so  great  as  to  have  led  to  the  contrivance  of  various  mechanical  modes 
^^C^  producing  the  same  effect.  One  of  the  most  ingenious  is  that  for  which  a  patent  was 
^^atained  in  August,  1830,  by  Mr.  Edwin  Clayton.  It  consists  of  a  rotatory  kneading 
^^>ough,  or  rather  barrel,  mounted  in  bearings  with  a  hollow  axle,  and  of  an  interior 
fV^one  of  cast  iron  made  to  revolve  by  a  solid  axle  which  passes  through  the  hollow  one; 

the  frame  there  are  cutters  diagonally  placed  for  kneading  the  dough.   The  revolving 
^^^ame  and  its  barrel  are  made  to  turn  in  contrary  directions,  so  as  greatly  to  save  time 
^^sid  equalise  the  operation.   This  double  action  represents  kneading  by  the  two  handty 
which  the  dough  is  inverted  from  time  to  time,  torn  asunder,  and  reunited  in  every 
^  aflerent  form.   Tlie  mechanism  will  be  readily  understood  from  the  following  deseriptfon. 
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Fig,  169  ezhibiU  a  front  deration  of  a  rotatory  kneading  trovghy  coMtrneted  m^»^dim^ 
to  improvemenu  specified  by  the  patentee,  the  barrel  bong  ihowB  in  neetion ;  a  ia.tht 


barrel,  into  which  the  seyeral  ingredients,  consisting  of  floor,  water,  and  yeail,  are  pol^ 
which  barrel  is  mounted  in  I  he  frame-work  6,  with  hollow  ailes  e  aad  d,  wbidi  hoOoiv 
axles  tnm  in  suitable  bearings  at  < ;  /  is  the  revolving  flrame  which  is  moanted  in  the 
interior  of  the  barrel  a,  by  axles  g  and  k.  The  ends  of  this  ren^ving  frame  are  ftH- 
ened,  or  braced  together  by  means  of  the  oblique  cutters  or  braces  i,  which  act  mpm  Ik 
dough  when  the  machine  is  put  in  motion,  and  thus  cause  the  operation  of  kneadte* 

Either  the  barrel  may  be  made  to  revolve  without  the  rotatory  frame,  or  the  rotalaiy 
frame  without  the  barrel,  or  both  may  be  made  to  revolve  together,  but  in  oppoaHe  wayi. 
These  several  motions  may  be  obtained  by  means  of  the  gear-work,  ihowA  at  ^  mI 
fn,  as  will  be  presently  described. 

If  it  be  desired  to  have  the  revolving  motion  of  the  baiiel  and  rotatory  fraaie  togetkr, 
but  in  contrary  directions,  that  motion  may  be  obtained  by  fastening  the  hidlow  axle  of 
the  wheel  m,  by  means  of  a  screw  ii,  to  the  axle  A,  of  the  rotatory  ftame  /,  tight,  to  n 
they  will  revolve  together,  the  other  wheels  k  and  I  being  used  for  the  purpoee  of  M- 
▼ersing  the  motion  of  the  barrel.  It  wOl  then  be  found  that  by  turning  the  hawDei^ 
the  two  motions  will  be  obtained. 

If  it  be  desired  to  put  the  rotatory  frame  /,  only,  into  motion,  that  actios  win  be  6^ 
tained  by  loosening  the  screw  «,  upon  the  axle  of  the  wheel  m,  when  it  will  be  fbond  thtf 
the  axle  h  will  be  made  to  revolve  freely  by  means  of  the  winch  o,  withont  giving  moCiii 
to  the  wheels  Xr,  /,  and  m,  and  thus  the  barrel  will  remain  stationary.  If  the  TDtaSay 
action  of  the  barrel  be  wanted,  it  will  be  obtained  by  turning  the  handle  p,  at  the  revene 
end  of  the  machine,  which,  although  it  puta  the  gear  at  the  opposite  end  of  the  bairti 
into  motion,  yet  as  the  hollow  axle  of  the  wheel  m  is  not  fastened  to  the  axle  h,  by  tk 
screw  »,  these  wheels  will  revolve  without  carrying  round  the  frame  /. 

M.  Kuhlmann,  Professor  of  Chemistry  at  Lille,  having  been  called  upon  several  tiiM 
by  the  courts  of  justice  to  examine  by  chemical  processes  bread  suspected  of  eontainiig 
substances  injurious  to  health,  collected  some  interesting  facts  upon  the  subject,  whiA 
were  published  under  the  direction  of  the  central  council  of  salubrity  of  the  departmeii 
du  Nord. 

For  some  time  public  attention  had  been  drawn  to  an  odious  fraud  committed  by  a 
great  many  bakers  in  the  north  of  France  and  in  Belgium — the  introduction  of  a  eerttii 
quantity  of  sulphate  of  copper  into  their  bread.  When  the  flour  was  made  from  tad 
grain  this  adulteration  was  very  generally  practised,  as  vras  proved  by  many  eonvictioH 
and  confessions  of  the  guilty  persons.  When  the  dough  does  not  rise  well  in  the  fer- 
mentation {U  pain  pouase  plat),  this  inconvenience  vras  found  to  be  obviated  by  the  ad- 
dition of  blue  vitriol,  which  was  supposed  also  to  cause  the  flour  to  retain  more  wat«. 
The  quantity  of  blue  water  added  is  extremely  small,  and  it  is  never  done  in  presence  flf 
strangers,  because  it  is  reckoned  a  valuable  secret.  It  occasions  no  economy  of  yeast, 
but  rather  the  reverse.  In  a  litre  (about  a  quart)  of  water,  an  ounce  of  sulphate  m 
copper  is  dissolved ;  and  of  this  solution  a  wine-glass  frill  is  mixed  with  the  water  neeo- 
sary  for  50  quartern  or  4  pound  loaves. 

M.  Kuhlmann  justly  observes,  that  there  can  be  no  safety  whatever  to  the  piblie  wkm 
such  a  practice  is  permitted,  because  ignorance  and  avarice  are  always  apt  to  racrcaae  the 
quantity  of  the  poisonous  water.  In  analyses  made  by  him  and  bis  cofieagnes,  portiflat 
of  bread  were  several  times  found  #o  impregnated  with  the  above  salt  that  they  had 
quired  a  blue  color,  and  presented  occasionally  even  small  crystals  of  the  sulphate.  Bf 
acting  on  the  poisoned  bread  with  distilled  water,  and  testing  the  vrater  with  lerro-cya- 
nate  (prussiate)  of  potash,  the  reddish  brown  precipitate  or  tint  characteristic  of  ecffg 
will  appear  even  with  small  quantities.  Should  the  noxkras  impregnation  be  still  wm% 
nuRtc,  the  bread  should  be  treated  with  a  very  dilute  nitric  acid,  either  direttly  or  after 
fadacratkm  in  a  platinum  capsule,  and  the  solution,  when  concentrated  by  evapQcatioa» 
riiaaM  be  tested  by  the  ferro-cyaaate  of  potash.  In  this  vray,  a  one  seventy  tbcwwaadth 
part  of  salphate  of  eopper  may  be  deteetcd. 
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M*  KvUmuui  deduces,  fWm  a  series  of  experiments  on  baking  with  yarions  sniaU 
^titles  of  salphate  of  copper,  that  this  salt  exercises  an  extremely  energetic  action 
■pas  the  fennentation  and  rising  of  the  doogh,  even  when  not  above  one  seventy  thoa- 
mdik  psrt  of  the  weight  of  the  bread  is  employed ;  or  one  grain  of  sulphate  for  ten  pounds 
cf  bmi  The  proportion  of  the  salt  which  makes  the  bread  rise  best  is  one  twenty  thoa- 
nsdth,  or  one  grain  in  three  pounds  of  bread.  If  much  more  of  the  sulphate  be  added, 
tk  bresd  becomes  moist,  less  white,  and  acquires  a  peculiar  disagreeable  smell  like  that 
flfktfOk  The  iacrease  of  weight  by  increased  moisture  may  amount  to  one  sixteenth 
vithoot  the  bread  appearing  softer,  in  consequence  of  the  solidifying  quality  of  the  cop- 
per; ibr  the  acid  does  not  seem  to  have  any  influence;  tA  neither  sulphate  of  soda,  snl- 
phiie  of  iron,  nor  snipharic  add  have  any  analogous  power.  Alum  operates  like  blue 
filriQl  <m  teead,  but  larger  quantities  of  it  are  required.  It  ktip3  water,  and  rauet  ioe2^ 
to  «e  the  bakett*  terms.  * 

When  alum  is  present  in  bread  it  may  be  detected  by  treating  the  bread  with  distilled 
litff,  lltcriag  the  water  first  through  calicc/,  and  next  through  filtering  paper,  till  it  be- 
MMS  clear;  then  dividing  it  into  two  portions,  and  into  the  one  pouring  a  few  drops 
ifaimte  or  muriate  of  barytes,  and  into  the  other  a  few  drops  of  water  of  ammonia.  In 
iki  kmtt  a  heavy  wfdve  precipitate  indicating  sulphuric  acid  will  appear,  and  in  the 
bits  a  light  precipitate  of  alumina,  redissoluble  by  a  few  drops  of  solution  of  caustk 


When  chaOc  or  Paris  plaster  is  used  to  sophisticate  flour,  they  may  be  best  detected  bf 
iMiicntiBg  the  bread  made  of  it,  and  examining  the  ashes  with  nitric  acid,  which  wiu 
ftwlw  the  chalk  with  efienrescence,  and  the  Paris  plaster  without.  In  both  cases  the 
cdcueoas  matter  may  be  demonstrated  in  the  solution,  by  oxalic  acid,  or  better  by  oza- 
keofs 


Is  bskiBg  pnflT-paste  the  dough  is  first  kneaded  along  with  a  certain  quantity  of  butter, 
Ika  rolled  oat  into  a  thin  layer,  which  is  coated  over  with  butter,  and  folded  face-wise 
9tn  limes  together,  the  upper  and  under  surfaces  being  made  to  correspond.  This 
lirsGM  mass  is  again  rolled  out  into  a  thin  layer,  its  surface  is  besmeared  with  butter, 
wi  then  It  is  fokled  face-wise  as  before.  When  this  process  is  repeated  ten  or  a  dozen 
tisci^  the  dough  will  consist  of  many  hundred  parallel  laminse,  with  butter  interposed 
Wttum  each  pair  of  plates.  When  a  moderately  thick  mass  of  this  is  put  into  the  oven, 
l^chslie  vapor  disengaged  firom  the  water  and  the  butter,  diffuses  itself  between  each 
«f  the  ihia  laminsB*  and  causes  them  to  swell  into  what  is  properly  called  puff-paste,  be- 
ill  sa  assemblage  of  thin  membranes,  each  dense  in  itself,  but  more  or  less  distinct  from 
tkeolhsr,  aid  therefore  forming  apparently,  but  not  reallt,  light  bread. 

Oae  of  the  moat  curious  branches  of  the  baker's  crafl  is  the  manufacture  of  ginger- 
Wi,  wkieh  eontains  such  a  proportion  of  molasses,  that  it  cannot  be  fermented  by 
■tsas  of  yeast.  Its  ingredients  are  flour,  molasses  or  treacle,  butter,  common  potashes. 
Mi  ahnk  After  the  butter  is  melted,  and  the  potashes  and  alum  are  dissolved  ia  a 
tele  hsi  water,  these  three  ingredients,  along  with  the  treacle,  are  poured  among  the 
iesr,  which  is  to  form  the  body  of  the  bread.  The  whole  is  then  incorporated  by 
■iOBre  aad  kneading  into  a  stiff  dough.  Of  these  five  constituents  the  alum  is 
tknght  to  be  the  least  essential,  although  it  makes  the  bread  lighter  and  crisper,  and 
■Mil  Ike  process  more  rapid;  for  gingerbread  dough  requires  to  stand  over  several 
^  siftiwts  8  or  10,  before  it  acquires  that  state  of  porosity  which  qualifies  it  for 
Ike  em.  The  actkm  cif  the  treacle  and  alum  on  the  potashes  in  evolving  carbonic  acid, 
Ml  l»  be  the  gasefying  principle  of  gingerbread ;  for  if  the  carbonate  of  potash  is 
^fdilMU  from  the  mixture,  the  bread,  when  baked,  resembles  in  hardness  a  piece  of 

Jflraade  is  ahrays  acidulous.  Carbonate  of  magnesia  and  soda  may  be  used  as  sab- 
^  '  I  for  the  potashes.  Dr.  Colquhoun>  has  found  that  carbonate  of  magnesia  and 
s  aeid  may  rephce  the  potashes  and  the  alum  with  great  advantage,  affording  a 
read  lUly  more  agreeable  to  the  taste,  and  much  more  wholesome  than  the 
I  kind,  which  contains  a  notable  quantity  of  potashes.  His  proportions  are  one 
pniid  of  floor,  a  quarter  of  an  ounce  of  carbonate  of  magnesia,  and  one  eighth  of  an 
Me  of  tartarie  acid;  in  addition  to  the  treacle,  butter,  and  aromatics,  as  at  present 
Hie  aekl  and  alkaline  earth  must  be  well  diffused  through  the  whole  dou^ 
Ths  aagMiin  shookl,  in  fact,  be  first  of  all  mixed  with  the  flour.  Poor  the  melted 
^Mr,  the  trende,  and  the  acid  dissolved  in  a  little  water  all  at  once  among  the  flour, 
lii  kaead  into  a  consistent  dough,  which  being  set  aside  for  half  an  hour  or  an  hour  will 
Jl^NHhr  Ibr  the  oven,  and  should  never  be  kept  unbaked  more  than  2  or  3  hours.  Thn 
^  '  complete  recipe  is  given  by  Dr.  Colquhoun,  for  making  thin  liagef* 

Fkmr  1  lb. 

Tlrende 
Bnw  togv 
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Butter  2  os. 

Carbon,  mignesui 

Tartaric  acid 

Ginger 

Cinnamon  0| 

Nutmeg  1 
This  compound  has  rather  more  butter  than  common  thin  gingerbread. 
I  shall  here  insert  a  passage  from  my  Dictionary  of  Chemistry,  as  published  hi  182J ; 
as  it  may  prove  interesting  to  many  of  my  present  readers. 

Under  Procut  of  Baking,  in  the  Supplement  to  the  Encyclopedia  Britannia^  ve 
haye  the  following  statement : — '  An  ounce  of  alum  is  then  dissoWed  over  the  fire  in  a 
tin  pot,  and  the  solution  poured  into  a  large  tub,  caUed  by  the  bakers  the  seasouig- 
tnb.  Four  pounds  and  a  half  of  salt  are  likewise  put  into  the  tub,  and  a  paiUU  of  hot 
-water.' — Foot  note  on  this  passage. — *  In  London,  where  the  goodness  of  bread  is  esti- 
mated entirely  by  its  whiteness,  it  is  usual  with  those  bakers  who  employ  flour  of  an  in- 
ferior quality,  to  add  as  much  alum  as  common  salt  to  the  dough ;  or,  in  other  wofdi, 
the  quantity  of  salt  added  is  diminished  one  half,  and  the  deficiency  supplied  by  an  eqtal 
weight  of  alum.  This  improves  the  look  of  the  bread  very  much,  r«ideruig  il  iHidi 
whiter  and  firmer.' " 

In  a  passage  which  we  shall  prr sently  quote,  our  author  represents  the  bakers  of 
London  in  a  conspiracy  to  supply  the  citizens  with  bad  bread.  We  may  henee  iaftr 
that  the  fall  allowance  he  assigns  of  2}  pounds  of  alum  for  every  2}  founds  of  salt,  wifl 
be  adopted  in  converting  the  sack  of  flour  into  loaves.  But  ss  a  sack  of  flcnr  wei^  280 
paonds,  and  furnishes  on  an  average  80  quartern  loaves,  we  have  2}  pounds  dii^ded  bf 
80,  or  =  197  era  ins,  fur  the  quantity  present,  by  this  writer,  in  a  London 

quartern  loaf.   Yet  in  the  vcr>'  same  page  (39th  of  vol.  ii.)  we  have  the  foUowiig 
passage :     Alum  is  not  added  by  all  bakers.   The  writer  of  this  article  has  been  assured 
by  several  bakers  of  rcspecta1>ility,  both  in  Edinburgh  and  Glasgow,  on  whose  testbway 
he  relies,  and  who  made  excellent  brcn<l,  that  they  never  employed  any  alum.   The  rea- 
son for  adding  it  given  by  the  London  bakers  is,  that  it  renders  the  bread  whiter,  and  en- 
ables them  to  separate  readily  the  loaves  from  each  other.   This  addition  has  been  aUetcA 
by  medical  men,  and  is  considered  by  the  community  at  large,  as  ii^urious  to  the  heaUliv 
by  occasioning  constipation.   But  if  wc  consider  the  small  quantity  of  this  salt  added  b'9 
the  baker,  not  quite  5^  grains  to  a  quartern  lonf,  we  will  not  readily  admit  these  allegiO-' 
tions.    Suppose  an  individual  to  eat  the  Feventh  part  of  a  quartern  loaf  a  day,  he  wool^ 
only  swallow  eight  tenths  of  a  grain  of  alum,  or,  in  reality,  nut  quite  so  much  as  half  * 
grain ;  for  one  half  of  this  salt  consists  of  water.    It  seems  absurd  to  suppose  that  hal^  * 
grain  of  alum,  swallowed  at  different  times  during  the  course  of  a  day,  should  occasuC* 
constipation."   Is  it  not  more  absurd  to  state  2^  pounds  or  36  onnces,  as  the  alum  adA^ 
teration  of  a  sack  of  flour  by  the  London  bakers,  and  within  a  few  periods  to  reduce  i^:*^ 
adulteration  to  one  ounce  7  , 

That  this  voluntary  abstraction  of      of  the  alum,  and  substitution  of  superior  a.«^ 
more  expensive  flour,  is  not  expected  by  itim  from  the  London  bakers,  is  sufficiently  e^^' 
dent  from  the  following  stor>'.   It  would  appear  that  one  of  his  friends  had  inventeA  * 
new  yeast  for  fermenting  dough,  by  mixing  a  quart  of  beer  barm  with  a  paste  made 
ten  pounds  of  flour  and  two  gallons  of  boiling  water,  and  keeping  this  mixture  warm 
•ix  or  eight  hours. 

Yeast  made  in  this  way,"  says  he, answers  the  purposes  of  the  baker  much  beC^^ 
than  brewers'  yeast,  because  it  is  clearer,  and  free  from  the  hop  mixture  which  sometiitf^ 
injures  the  yeast  of  the  brewer.    Some  years  ago  the  bakers  of  London,  sensible  of 
superiority  of  this  artificial  yeast,  invited  a  company  of  manufacturers  from  Glasgc'*^^ 
to  establish  a  manufactory  of  it  in  London,  and  promised  to  use  no  other.  A1»^^^^ 
5,000/.  accordinely  was  laid  out  on  buildings  and  materials,  and  the  manufactory  a^^" 
begun  on  a  considerable  scale.   The  ale-brewers,  finding  their  yeast,  for  which  they 
drawn  a  good  price,  lie  heavy  on  their  hands,  invited  all  the  journeymen  bakers  to  X)rm  ^ 
cellars,  gave  them  their  full  of  ale,  and  promised  to  regale  them  in  that  manner  vr^^ 
day,  provided  they  would  force  their  masters  to  take  all  their  yeast  from  the  ale-brew^?  '^ 
The  journeymen  accordingly  declared,  in  a  body,  that  they  would  work  no  more  for  tt^  ^ 
masters  unless  they  gave  up  taking  any  more  yeast  from  the  manufactory.    The  masC 
were  obliged  to  comply ;  the  new  manufactory  was  stopped,  and  the  inhabitants  of  JU^"^' 
don  were  obliged  to  continue  to  eat  worse  bread,  because  it  was  the  interest  of  the 
brewers  to  seU  the  yeast.   Such  is  the  influence  of  journeymen  bakers  in  the  metrop^'^ 
of  England!" 

This  doleful  diatribe  seems  rather  extravagant;  for  surely  beer  yeast  can  dcT^T* 
nothing  noxious  to  a  porter  drinking  people,  from  a  slight  impregnation  of  hops ;  wlJ^^*^ 
it  must  form  probably  a  more  energetic  ferment  than  the  fermented  paste  of  the 
flompany,  which  at  any  rate  conU  be  prepared  in  six  or  eight  hours  by  any  baker 
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f  er  his  purpose  of  making  a  pleasant  eating  bread.  But  it  is  a  rery  serionf 
r  or  f^ntleman  of  sedentary  habits,  or  infirm  constitution,  to  have  their  di- 
I  daily  vitiated  by  damaged  flour,  whitened  with  197  grains  of  alum  per 
Acidity  of  stomach,  indigestion,  flatulence,  headaches,  palpitation,  costive- 
try  calculi  may  be  the  probable  consequences  of  the  habitual  introduction 
dolous  and  acescent  matter. 

many  experiments  upon  bread,  and  have  found  the  proportion  of  alum  very 
quantity  seems  to  be  proportional  to  the  badness  of  the  flour;  and  hence 
flour  is  used  no  alum  need  be  introduced.  That  alum  is  not  necessary  for 
s  utmost  beauty,  sponginess,  and  agreeableness  of  taste,  is  undoubted ;  since 
d  at  a  very  extensive  establishment  in  Glasgow,  in  which  about  20  tons  of 
ilarly  converted  into  loaves  in  the  course  of  a  week,  nnited  every  quality 
with  an  absolute  freedom  from  that  acido-astfiogent  drug.   8ix  pounds  of 

for  every  sack  of  flour;  which,  from  its  good  quality,  generally  aflfordcd 
em  loaves  of  the  legal  weight  of  four  pounds  five  ounces  and  a  half  each, 
t  nine  ounces  in  the  oven. 

ought  to  be  able  to  analyze  his  flour.  He  may  proceed  as  follows  i — A  due- 
be  made  with  a  pound  of  the  flour  and  a  sufficient  quantity  of  water,  and 
r  an  hour ;  then  having  tied  across  a  bowl  a  piece  of  silkett  sieve-stuff,  a 
3  surface  of  the  water  in  the  bowl,  the  paste  is  to  be  laid  upon  the  sieve  on 
:he  water,  and  knended  tenderly  with  the  hand,  so  as  meHely  to  wash  the 
les  out  of  it.  This  portion  of  the  flour  gets  immediately  diffnaad  through 
le  of  the  other  constituents  dissolve,  and  the  gluten  alone  remains  upon  the 
'ater  must  be  several  times  renewed  till  it  ceases  to  become  miDcy.  ^Bkt 
of  the  gluten  are  made  out  of  the  sieve. 

of  the  turbid  washings  are  to  be  put  into  a  tall  conical  glass  or  stoneware 
owed  to  remain  at  rest,  in  a  cool  place,  till  they  deposite  the  starch.  The 
lant  liquor  is  then  decanted  ofi*.  The  deposite  consists  of  starch,  with  a 
It  must  be  washed  till  the  water  settles  over  it  quite  clear,  and  then  it  10 

waters  being  evaporated  at  a  boiling  heat,  discover  flocks  floating  through 
ave  been  supposed  by  some  to  be  albumen,  and  by  others  gluten.  At  last, 
ime  precipitates.   When  the  residuum  has  assumed  a  sirupy  consistence  in 

to  be  mixed  with  alcohol,  in  order  to  dissolve  out  its  sugar.  Cold  water 
3  what  remains,  eflects  a  solution  of  the  mucilage,  and  leaves  the  insoluble 
!?r  with  the  phosphate  of  lime. 

Ic  of  analysis  a  minute  portion  of  resin  may  remain  in  the  gluten  and  in  the 
•r ;  the  gluten  retains  also  a  small  proportion  of  a  fixed  oil,  and  a  volatile 
ch  may  be  removed  by  alcohol.  If  we  wish  to  procure  the  resin  akme,  we 
dl  treat  the  flour,  well  dried,  with  alcohol. 

flour,  poor  in  gluten,  is  to  be  analyzed,  the  dough  must  be  enclosed  in  a 
mded  with  water,  and  washed  in  that  state. 

g  barley-meal  by  the  above  process,  hordeiiHy  mixed  with  common  starch,  ii 
y  may  be  separated  by  boiling  water,  which  dissolves  the  stareh,  and  leaves 

inder  the  aspect  of  saw-dust. 

the  plan  of  a  London  baker's  oven,  fired  with  coal  AieL 

the  longitudinal  section. 


y  of  the  oven ;  6,  the  door ;  c,  the  fire-grate  and  furnace ;  d,  the  smoke 
lue  above  the  door,  to  carry  oS  the  steam  and  hot  air,  when  taking,  out  the 
X88  below  the  door,  for  receiving  the  dust;  g,  damper  plate  to  shut  off  the 
i,  damper  plate  to  shut  off  smoke  flue,  after  the  oven  has  come  to  iti  proper 
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hfttt ;  I,  a  imall  ircA  pan  the  fire-pfaiee  ^ 
fur  heating  water;  aab-pit  Mow  the  fur- 
nace. 

Fig,  172  is  the  front  view ;  the  same  letters  re- 
fer to  the  same  objects  in  all  the  figures. 

The  flame  and  burnt  air  of  the  fire  at  sweep 
along  the  bottom  of  the  oren  by  the  right  hand 
side,  are  reflected  from  the  back  to  the  left  haad 
side,  and  thence  escape  by  the  floe  d  s  (see  pha 
Jig.  171.)  Whenever  the  oren  has  meqiured  the 
proper  degree  of  heat,  the  fire  is  withdrawB,  the 
flues  are  closed  by  the  damper  plateSyUki  the  Inops 
of  fermented  dough  are  introduced* 


BRECCIA,  an  Italian  term,  used  by  mineralogists  and  architects  to  designate  sock 
compound  stony  masses,  natural  or  artificial,  as  consist  of  hard  rocky  fragments  of  con- 
siderable size,  united  by  a  common  cement.  When  these  masses  are  foimed  of  andl 
rounded  pebbles,  the  conglomerate  is  called  a  pudding-stone,  from  n  fancied  resemblaiec 

to  plum  pudding. 

Concrete,  now  so  much  used  for  the  foundations  of  large  buildings,  is  a  factitioos  brer 
cia,  or  pudding-stone.   See  Concrkte. 

BREWING.   {Brasser,  Fr. ;  Brauen,  Germ.)   The  art  of  making  beer,  which  see. 

BRICK.   {Briquey  Fr. ;  Badcsteine,  ziegelsteine.  Germ.)   A  solid,  commonly  rectan- 
gular, composed  of  clay,  hardened  by  heat,  and  intended  for  building  parposes.  The 
natural  mixture  of  clay  and  sand,  called  loam,  as  well  as  marl,  which  consists  of  liae 
and  clay,  with  little  or  no  sand,  constitutes  also  a  good  material  for  making  brides. 
The  poorer  tlie  innrl  is  in  lime,  the  worse  adapted  it  is  for  agricultural  purpoaes»  smI 
the  better  for  tiie  brick  manufacturer,  being  less  liable  to  fuse  in  his  kiln.   When  m. 
natural  com|K)iin(l  of  silica  and  day  can  be  got  nearly  free  from  lime  and  magnesia,  it. 
fimns  a  kind  of  bricks  very  refractory  in  the  furnace,  hence  termed  fin4frid[t.  Such 
material  is  the  slate-clay,  schitferthon,  of  our  coal  measures,  found  abundantly,  and 
excellent  quality,  at  Stourbridge,  and  in  the  neighborhood  of  Newcastle  and  Glasgow.—^ 
The  London  brick  makers  add  to  the  clay  about  one  third  of  coal  ashes  obtained  fron^J^ 
the  kitchen  dust-holes ;  so  that  when  the  bricks  aie  put  into  the  kiln,  the  quantity  a^^» 
coaly  matter  attacheii  to  their  surface  serves  to  economize  fuel,  and  makes  them  lea^^^ 
apt  to  shrink  iti  tlie  lire ;  (hough  they  are  less  compact,  and  probably  less  dnrabley  thacr=3 
the  bricks  made  in  the  con  I  districts  of  England. 

The  general  procos  of  brick-making  consists  in  digging  up  the  clay  in  antnnm  ^ 
exposing  it,  during  \\u*  whtde  winter,  to  the  frost,  and  the  action  of  the  air,  taming  i — ^* 
repeatedly,  and  workin^^  it  with  the  spade;  breaking  down  the  clay  lumps  in  spring 
throwing  them  into  shallow  pits,  to  be  watered  and  soaked  for  several  days.  The  ncx""^* 
step  is  to  temper  the  clay,  which  is  generally  done  by  the  treading  of  men  or  oxen  - 
In  the  neiirhborhood  of  London,  however,  this  process  is  performed  in  a  horse-mill 
The  kneadin!?  of  the  clay  is,  in  fact,  the  most  laborious  but  indispensable  part  of  thcf — - 
whole  busin(>ss ;  and  that  (m  which,  in  a  great  measure,  the  quality  of  the  brick^^ 
depends.  All  the  stones,  particularly  the  ferruginous,  calcareous,  and  pyritoua 
should  be  removed,  and  the  clay  worked  into  a  homogeneous  paste,  with  as  little 
as  possible. 

The  earth,  being  sufficiently  kneaded,  is  brought  to  the  bench  of  the  moulder, 
works  the  clay  into  a  mould  made  of  wood  or  iron,  and  strikes  ofl"  the  snperflui 
matter.   The  bricks  are  next  delivered  from  the  mould,  and  ranged  on  the  ground  ^ 
and  when  they  have  acquired  sufficient  firmness  to  bear  handling,  they  are  dressed  witim 
a  loufe,  and  stacked  or  built  up  in  long  dwarf  walls,  thatched  over,  and  led  to  dry.  Azm 
able  workman  will  make,  by  hand,  5,000  bricks  in  a  day. 

The  diii'erent  kinds  of  bricks  made  in  England  arc  principally  ^lace  britkif  gray 
nd  ttocksy  marl  facing  bricks,  and  cutting  bricks.  The  place  bricks  and  stocks  are  used  ii» 
common  walling.  The  marls  are  made  in  the  neighborhood  of  London,  and  used  in  th^ 
outside  of  buildings ;  they  are  very  beautiful  bricks,  of  a  fine  yellow  color,  hard,  andB 
well  burnt,  and,  in  every  respect,  superior  to  the  stocks.  The  finest  kind  of  marl  ancft 
red  bricks,  called  cutting  bricks,  are  used  in  the  arches  over  windows  and  doora^  bein^ 
rubbed  to  a  centre,  and  gauged  to  a  height. 

In  France  attempts  were  long  ago  made  to  substitute  animals  and  machines  ibr  th0^ 
treading  of  men's  feet  in  the  day-kneading-pit ;  but  it  was  found  that  their  schemed 
eonld  not  replace,  with  advantage,  human  labor,  where  it  is  so  cheap,  partieidaxiy  faC 
separating  the  stones  and  heterogeneous  matters  from  the  loam.  The  more  it  is  worked^ 
Hkt  denser,  more  uniform,  and  more  durable,  the  bricks  which  are  made  of  iu  A  goo^ 
French  workman,  in  a  day's  labor  of  12  or  13  hours,  it  has  been  said,  is  able  to  monldl 
fhan  9,000  to  10,000  bricks,  9  inches  long,     inches  broad,  and  2}  thick;  but  he  mns^ 
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bm¥e  good  aansttnts  under  him.  In  many  brickworks  near  Paris,  screw^presses  are 
BOW  used  for  consolidating  the  bricks  and  paving  tiles  in  their  moulds.  M.  MoHerat 
employed  the  hydraolic  press  for  the  purpose  of  condensing  pulverized  clay,  wfaieh^ 
ftller  baking,  formed  beautiful  bricks ;  but  the  process  was  too  tedious  and  costly.  An 
ingenious  contrivance  for  moulding  bricks  mechanically,  is  said  to  be  employed  near 
Washington,  in  America.  This  machine  moulds  30,000  in  a  day's  work  of  12  hours, 
with  the  help  of  one  horse,  yoked  to  a  irin  wheel,  and  the  bricks  are  so  dry  when 
disehargcd  from  their  mouhfo,  as  to  be  ready  for  immediate  burning.  The  machine  is 
dcKTibed,  with  figures,  in  the  Bulletin  de  la  SocUte  d^EncouragemetU  for  1819,  p.  361. 
Sm  Jkriker  on,  an  acamni  of  our  rtcent  patents. 

Bricks,  in  this  country,  are  generally  baked  either  in  a  clamp  or  in  a  kiln.  The 
ktter  is  the  preferable  method,  as  less  waste  arises,  less  fuel  is  consumed,  and  the  bricks 
■re  sooner  burnt.  The  kiln  is  usually  13  feet  long,  by  10)  feet  wide,  and  about  12  feet 
In  lieight.  The  walls  are  one  foot  two  inches  thick,  carried  up  a  little  out  of  the 
perpendicular,  inclining  towards  each  other  at  the  top.  The  bricks  are  placed  on  flat 
■refaea,  having  holes  left  in  them  resembline  lattice-work;  the  kiln  is  then  covered 
with  pieces  of  tiles  and  bricks,  and  some  wood  put  in,  to  dry  them  with  a  gentle  fin. 
This  continues  two  or  three  days  before  they  are  ready  for  burning,  which  is  known  hy 
the  smoke  turning  from  a  darkish  color  to  transparent.  The  mouth  or  mouths  of  the 
kiln  are  now  dammed  up  with  a  shinlog,  which  consists  of  pieces  of  bricks  pUed  one 
upon  another,  and  closed  with  wet  brick  earth,  leaving  above  it  just  room  sufficient  to 
receire  a  fagot.  The  fagots'  are  made  of  furze,  heath,  brake,  fern,  &e.,  and  the  kiln 
is  supplied  with  these  until  its  arches  look  white,  and  the  fire  appears  at  the  top ;  upon 
whieh  the  fire  is  slackened  for  an  hour,  and  the  kiln  allowed  gradually  to  oooL  TtoM 
heating  and  cooling  is  repeated  until  the  bricks  be  thoroughly  burnt,  which  is  generally 
done  in  48  hours.   One  of  these  kilns  will  hold  about  20,000  bricks. 

Clamps  are  also  in  common  use.  They  are  made  of  the  bricks  themselves,  and 
gener^ly  of  an  oblong  form.  The  foundation  is  laul  with  place  brick,  or  the  driest  of 
those  ju^t  made,  and  then  the  bricks  to  be  burnt  are  built  up,  tier  upon  tier,  as  high  as 
the  clamp  is  meant  to  be,  with  two  or  three  inches  of  breeze  or  cinders  strewed  between 
each  layer  of  bricks,  and  the  whole  covered  with  a  thick  stratum  of  breeze.  Hie  ftre- 
plaee  is  perpendicular,  about  three  feet  high,  and  generally  placed  at  the  west  end;  and 
tile  flues  are  formed  by  gathering?  or  arching  the  bricks  over,  so  as  to  leave  a  space 
between  each  of  nearly  a  brick  wide.  The  flues  run  straight  through  the  clamp,  and 
ire  filled  with  wood,  coals,  and  breeze,  pressed  closely  together.  If  the  bricks  are  to 
be  burnt  ofi*  quickly,  which  may  be  done  in  20  or  30  days,  according  as  the  weather 
^y  suit,  the  flues  should  be  only  at  about  six  feet  distance;  but  if  there  be  no 
^ediatc  hurrj-,  ihcy  may  be  placed  nine  feet  asunder,  and  the  clamp  left  to  bum 
off  slowly. 

Floating  bricks  are  a  very  ancient  invention  :  they  are  so  light  as  to  swim  in  water ^ 
jnd  Pliny  tells  us,  that  they  were  made  at  MarseiUes;  at  Colento,  in  Spain;  and  at 
wr^kLi*"  invention,  however,  was  completely  lost,  until  M.  FabbronI 

pat»l^ed  a  dt^overy  of  a  method  to  imitate  the  floating  bricks  of  the  ancients. 
Accofding  to  Posidonius,  these  bricks  are  made  of  a  kind  of  argillaceous  earth,  which 
Wni  employed  to  clean  silver  plate.  But  as  it  could  not  be  our  tripoli,  which  is  tm 
Aeavy  to  float  in  water,  M.  Fabbroni  tried  several  experiments  with  mineral  argnii^ 
nhr,  Inc-lunsB,  and  fossil  meal,  which  last  was  found  to  be  the  very  substance  of  whica 
tie  was  m  search.  This  earth  is  abundant  in  Tuscany,  and  is  found  near  Casteldelninnik 
na  the  terntoncs  of  Sienna.  According  to  the  analysis  of  M.  Fabbroni,  it  conflks  ol 
W  parts  of  sihcious  earth,  15  of  magnesia,  14  of  water,  12  of  alumina,  3  of  lime,  and  1  ct 
Jf*»;  argillaceous  odor,  and,  when  sprinkled  with  water,  throws  out  a 

-light  whitish. smoke.  It  is  infusible  in  the  fire;  and,  though  it  loses  about  an  eighth 
l«rt  ofils  weight,  118  bulk  is  scarcely  diminished.  Bricks  composed  of  this  subetanee^ 
^ther  baked  or  unbaked,  float  in  water ;  and  a  twenUeth  part  of  clay  may  be  added  to 
Vieir  composition  without  taking  away  their  property  of  swimming.  These  bricks 
P^?^*^^^.^*^^*^'^  ^  no  alleratkm  from  heat  or  cold, 

^  r  ™    •  unbaked  only  in  the  sonorous  quality  which  they  have 

«eqiured  from  the  fire.   Their  strength  is  little  inferior  to  that'  of  common  bricks,  but 


I  greater  in  proportion  to  their  weight;  for  M.  Fabbroni  /ound,  that  a  floating 
tacky  measuring  7  inches  in  length,  4}  in  breadth,  and  one  inch  eight  lines  ii  " 


,  weighed  only  14i  ounces ;  whereas  a  common  brick  weighed  5  ponndr  6|  ounces, 
aieof  these  bncks  may  be  very  important  in  the  eonstrucUon  of  powder  magazinet 
md  reverbcratory  furnaces,  as  they  are  such  bad  conductors  of  heat,  that  one  end  may 
t5f"®  V  is  heW  in  the  hand.   They  may  also  be  employed  ftr 

laiMaigt  that  require  to  be  light;  such  as  oooking-places  in  ships,  and  floating  batteriok 
^ejanmjtoof  which  would  be  proof  against  red-hot  buUets. 
Th^  foBowing  plan  of  a  furnace  or  kiln  for  burning  tiles  has  been  found  very  ooa* 
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J^t^.  173,  front  view,  a  a,  b  r,  the  solid  walls  of  the  furnace ;  a  a  a,  openingt  to  tltf 
ash-pity  and  the  draught  hole ;  bbb,  openinTs  fur  the  supply  of  fnel,  furnished  with  a 
■heet-iron  duor.   Fig.  174.  Plan  cf  tl.e  ash-pits  ami  air  channels  c  c  c.   The  principil 


branch  of  the  ash-pit  d  n  d,  is  also  the  Ofiening  fur  taking  out  the  tilef,  after  i 
the  grate ;  k  the  smoke  flue.    Fie.  175.  Plan  of  the  kiln  seen  from  abore.   Hie  graUi 
H  M  H.   The  tiles  to  be  fired  are  arranged  upon  the  spaces  ////. 

Fig,  176  is  the  plan  and  section  of  one  of  the  grates  upon  a  much  larger  Male  thai 
ia  the  preceding  figuies. 

Mechanical  brick  moulding, — Messrs.  Lyne  and  Stainford  ob 
taincd,  in  August,  1825,  a  patent  for  a  machine  for  "»*^f"y  a 
considerable  number  of  bricks  at  one  operation.   It  conaiiify  ia 
the  first  place,  of  a  cylindrical  pug-mill  of  the  kind  usually  cm- 
jiloyed  fiir  comminuting  clay  for  bricks  and  tiles,  furnished  wil^ 
rotatoiy  knives,  or  cutters,  for  breaking  the  lumps  and 
tlie  clay  with  the  other  materials  of  which  bricks  are 
made.    Secondly,  of  two  moveable  moulds,  in  each  of  wh 
iiricen  bricks  are  made  at  once;  these  moulds  being  made 
tmvel  to  and  fro  in  the  machine  for  the  purpose  of  being 
nntely  brought  under  the  pug-mill  to  be  fitted  wilh  the  ck-^ 
an.!  then  removed  to  situations  where  plungers  are  enabled  ^ 
act  upon  them.   Thirdly,  in  a  contrivance  by  which  the  plnag 
are  made  to  descend,  for  the  purpose  of  ccMnpressing  the  na 
rial  and  discharging  it  from  the  mould  in  the  form  of  brirli^jL 
Fourthly,  in  the  ni  'tli  ».l  of  constructing  and  working  trucks  which  carry  the  receiTLxy 
boards,  and  conduci  the  bricks  away  as  they  are  formed. 
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riff.  177  exhibits  the  general  construction  of  the  apparatus;  both  ends  of  which  being 
encily  similnr,  little  mofe  than  half  of  the  machine  is  rcprpsentcd.   a  is  the  cylindricu 
^og-aill,  shown  partly  in  sectidn,  which  is  supplied  \i'iih  the  clay  and  other  materiali 
froo  a  hopper  abo\-e ;  b  6,  arc  the  rotatory  knives  or  cutters,  which  are  attached  to 
Ike  Tertieal  iOiaft,  and  bein?  placed  obliquely,  press  the  clay  down  toward  the  bottom  of 
Ike  cylinder,  in  the  act  of  brnakint?  and  mixinfj  it  as  the  shaft  revolves.    The  lower  part 
of  the  cylinder  i^  open ;  and  immediately  under  it  the  moiilil  is  placed  in  which  the  bricki 
•R  to  be  formed.   These  moulds  nm  to  lind  fro  upon  l(>d?rs  in  the  side  frames  of  the 
meUae;  one  of  the  moulds  only  can  be  shown  by  dots  in  the  Aiiure,  the  side  rail  inter- 
VfUf :  tlK'y  are  situated  at  c  c,  and  are  formr'd  of  bars  of  iron  crossin?  each  othex^ 
vid  eBcompa«sed  with  a  frame.    The  mould  resembles  nu  onlinary  sash-window  in  its 
lbni,beinsr  divided  into  rectani^ilar  compartments  (fifieen  are  pmposed  in  each)  of  the 
Aonsions  of  the  intended  bricks,  but  sulHciently  deep  to  allow  the  material,  afler  being 
midrrably  pri-sscd  in  the  mould,  to  leave  it,  when  discharged,  of  the  usual  thickness  of 

i  Mnmun  hrirk. 

The  mouM  bein?  open  at  top  and  bottom,  the  material  is  allowed  to  pass  into  it,  when 
sitaBted  exactly  umler  the  cylinder;  anri  the  lower  side  of  the  mould,  when  so  placed,  is  to 
fcedowd  by  a  0at  board  supiwried  by  the  truck  e,  which  is  raised  by  a  lever  and  zoUer 
bnetiii,  running  upon  a  plane  rail  with  inclined  ends. 

Thp  cntril  shaft  /,  is  kept  in  conliniial  rotatory  motion  by  the  revolution  of  the 
npp^  iiorixontnl  wheel  ff,  of  which  it  is  the  axis ;  and  tliis  wheel  may  be  turned  by  a 
bor%  yoktfl  to  a  rodialin:?  arm,  or  by  any  otiier  means.  A  part  of  the  circumference 
of  thf  wheel  has  teeth  which  are  intended  at  certain  periods  of  its  revolution  to  take 
iato  &  t(K]ihcii  piiiiun,  fixed  ujxm  the  top  of  a  vertical  shaft  h  h.  At  the  lower  part  of 
thi*  vfiiical  shaft,  ihero  is  a  pulley  i,  over  whirh  a  chain  is  passetl  that  is  connected  to 
tb  tvo  moulds  r,  and  io  the  frame  in  which  the  trucks  are  supporte<I ;  by  the  rotation 
of  thf  vrrtical  shaft,  the  pulley  winds  a  chain,  and  draws  the  moulds  and  truck-frames 
aluas. 

The  clay  and  other  material  bavins;  been  fiirced  down  frrim  the  cylinder  into  the  monU, 
tbetetiK  (f  the  horisninial  wheel  s  now  come  into  i;ear  with  the  pinion  upon  h,  and  turn 
itiihithc  shaft  and  pulley  t,  by  whirh  the  cliain  is  wuund,  and  the  mould  at  the  right 
haaJof  the  machine  brouelit  into  tiie  situation  shown  in  the  fit^ure  ;  a  scraper  or  edge- 
tar  Bsdrr  the  pui^-mill  ha  vine  levelled  the  njjper  face  of  the  clay  in  the  mould,  and  the 
bosrd «ttpp.jrte'i  by  the  truck  e,  ftmneil  the  flat  umler  side. 

The  moiil-l  heins  brou<^ht  into  this  position,  it  is  now  necessary  to  compress  the  mate- 
rnl*,  which  is  done  by  the  descent  of  the  plnn^e^s  kk.  A  friction-rolleiW,  pendent  from 
|lJ*  unJer  ^ile  of  the  horizontal  wheel  as  that  wheel  revolves,  comes  in  contact  with  an 
inriined  plnne,  at  the  top  of  thif  shaA  of  the  plunirfrs;  an<l,  as  the  friction-roller  passes 
f'Tir  thi«  inclineil  plane,  the  plunuers  are  made  to  descend  into  the  mould,  and  to  com-  ^ 
pre«s  the  matprial ;  the  resistance  of  the  board  beneath  causinii:  the  clay  to  be  sqneeied 
utj  a  eompact  slate.  When  this  has  been  effectually  accomplished,  the  further  descent 
of  the  plunders  brings  a  pin  m,  airainst  the  upper  end  of  a  quadrant  catch  lever  n,  and^ 

drprr«<ia:(  this  quadrant,  causes  the  balance-lever  upon  which  the  truck  is  now  sufH 
portf^l  to  rise  at  that  end,  and  to  allow  the  truck  with  the  boanl  d  to  descend,  as  shown 
M  ^'i^;  the  plunders  at  the  same  lime  forcing  out  the  bricks  from  the  moulds,  whereby 
l^ff  are  deivisited  upon  the  txranl  d ;  when,  by  drawins  the  truck  forward  oat  of  the 
nichioe,  the  buard  with  the  bricks  may  be  removed,  and  replaced  by  another  board.  The 
track  may  then  be  as^in  introduced  into  the  machine,  ready  to  receive  the  next  parcel 
«f  bricks. 

By  the  time  that  the  discharge  of  the  bricks  from  this  mould  has  been  effected,  the 
Mher  moaU  umler  the  pui;-cylinder  has  become  filled  with  the  clay,  when  the  teeth  of 
Ibc  horizontal  wheel  coming  round,  take  into  a  pinion  upon  the  top  of  a  vertical  shaft 
nsrtly  >imilnr  to  that  at  A,  but  at  the  reverse  end  of  the  machine,  and  cause  the 
Midi  and  the  fimme  supportini;  the  trucks  to  be  slidden  to  the  left  end  of  the  machine ; 
tte  ipper  surface  of  the  mould  beim;  scraped  level  in  its  pn)irress,  in  the  way  ahready 
'eKriM.  This  movement  brintrs  the  friction-wheel  o,  up  the  inclined  plane,  and 
ttorfcy  raises  the  truck  with  the  board  to  the  under  side  of  the  mould,  ready  to  reeciw 
Mher  sapplf  of  clay ;  and  the  mould  at  the  leA-hnnd  side  of  the  machine  being  now 

ii  in  proper  situation  under  the  plungers,  the  clay  becomes  compressed,  and  the  bricki 
dechsived  from  the  mould  in  the  way  described  in  the  former  instance ;  when  this  tmek 
Msg  ^wn  out,  the  bricks  are  removed  to  be  drietl  and  baked,  and  another  board  k 
phsel  ia  the  same  situation.  There  are  boxes  upon  each  side  of,  the  pug-cylindfer 
''tstaing  sand,  at  the  lower  parts  of  which  small  sliders  are  to  be  opened  fbv  f*** 
bhfeaeci  noC  shown  in  the  figure),  as  the  moaU  posses  Un.i'  »  thm  f-  purpose  of 
HM^Bc  sand  upon  the  clay  in  fh^  mould  to  pi«:«ent  its  adhering  to  the  plangen. 
'Atn fanlso a  rark  and  toothed  sector,  with  a  balance- weight  connected  to  the  inclined 
phacBlIha  lop  of*  the  plnngei^rods,  for  the  purpose  of  ra«nog  the  plunger  after  tke 
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friction-roller  has  passed  over  it.  And  there  is  a  spria«  acting  aninst  the  badr  of  the 
quadrant-catch  for  the  purpose  of  throwing  it  into  its  former  sitoation,  aAer  the  piA  af 
the  plunger  has  risen. 

One  of  the  latest,  and  apparently  most  efiectiTC  machines  for  brick-making,  is  thil 
patented  by  Mr.  Edward  Jones,  of  Birmingham,  in  Augn^t,  1835.  His  improTemeBli 
are  described  under  fuur  beads ;  the  first  applies  to  a  machine  for  moulding  the  earth 
into  bricks  in  a  circular  frame-plate  honzonially,  containing  a  series  of  Bionkis  or  rce- 
tansrular  boxes,  standing  radially  round  the  circumference  of  the  eircnlar  fhune,  iat» 
which  boxes  successively  the  clay  is  expressed  from  a  stationary  hopper  as  the  fimnc 
revolves,  and  after  being  so  formed,  ihe  bricks  are  successively  pushed  out  of  their  bosM^ 
each  by  a  pitfton,  acted  upon  by  an  inclined  plane  below.  The  second  head  of  Ihe  spe- 
cification  describes  a  reciangulor  horizonul  frame,  having  a  series  of  moukiiag  buM 
placed  in  a  straight  range,  which  are  acted  upon  for  pressing  the  day  by  a  correapoadiaf 
range  of  pistons  fixed  in  a  horizontal  frame,  worked  up  and  down  by  rods  eitendiag 
from  a  rotatory  crank  sliafl,  the  moulding  boxes  being  allowed  to  rise  for  the  parpoaeof 
enabling  the  pistons  to  force  out  the  bricks  when  mooMed,  and  leave  them  upon  the  bed 
or  board  below.  The  third  head  applies  particularly  to  the  making  of  tUes,  Sot  the 
flooring  of  kilns  in  which  mall  or  grain  is  to  be  dried.  There  is  in  this  contrivanee  a 
rectangular  mould,  with  pointed  pieces  standing  up  for  the  purpose  of  prodecing  air^ 
boles  through  the  tiles  as  they  are  moukled,  which  is  done  by  pressing  the  clay  into  the 
moulds  upon  the  points,  and  scraping  off  the  superfluous  matter  at  top  by  hand.  The 
fourth  or  last  head  applies  to  moulding  chimney  pots  in  double  Bioalds,  which  take 
to  pieces  for  the  purpose  of  withdrawing  the  pot  when  the  edges  of  the  slabs  or  aklcs  are 
sufficiently  brought  into  contact. 

"  The  drawing  whkh  accompanies  the  spedficatron  very  imperfectly  represents  tons 
parts  of  the  apparatus,  and  the  description  is  still  more  defective ;  but  oa  we  are  86 
qnainted  with  the  machinei7,  we  will  endeavor  to  give  it  aa  intelligible  form,  and  quote 
those  parts  of  the  specification  which  point  the  particular  features  of  novdty  proposed  ta 
be  claimed  by  the  patentee  as  bis  invention,  under  the  several  heads."  * 

Fig.  178  represents,  in  cl6 
vaiion,  the  first-mentioned  sis' 
chine  for  moulding  bricks.  The 
moulds  are  Ibrmed  in  the  fice 
of  a  circular  plate  or  wbedy 
a  a,  a  portion  of  the  upper  lar- 
face  of  which  is  represented  is 
the  horizontal  view.  Jig,  179» 
Any  convenient  number  of  these 
moulds  are  set  radially  ia  the 
wheel,  which  is  mounted  upon 
a  central  pivot,  supported  by 
the  masonry  There  is  t 

rim  of  teeth  round  the  ontef 
edfc  of  the  whed  a  a,  which 
take  into  a  pinion  r,  on  a-  sbsft 
connected  to  the  first  moTcr*, 
and  by  these  means  the  whe^ 
a,  with  the  moulding  boxcs»  if 
made  to  revolve  horizootflJIy, 
guided  by  arms  with  anti  frictioo 
rollers,  which  run  round  a  hori- 
zontal plate  a  a,  fl«od  vpoa  the 
masonry. 

A  hopper,  e,  filled  with  the 
brick  earth  shown  with  oneof  th« 
moulding  boxes  in  section,  is  fixtd 


above  the  face  of  the  wheel  in  such  a  way  that  the  eaith  may  descend  from  the 

into  the  several  moulding  boxes  as  the  wheel  passes  round  under  it ;  the  earth  ^ 

pressed  into  the  moulds,  and  its  surface  scraped  off  smooth  by  g  coni^  roHtr/^  m  tho 
bottom  of  the  hopper. 

Through  the  bcCtom  of  each  moulding  box  there  is  a  hole  fbr  die  passage  of  a  piitOB 
izdd£,ithe  M^per  an^,^         VQ^  /sarries  a  piston  with  a  wooden  pallet  upon  — 


-^^n  fbe  moulding  boi )  an4  t^if  lower  end  of  this  rod  has  a  small  anti-frictioB  roUeiv 
'  mas  jomi  upon  of  ^^  obMque  ring  or  iBrMaii 


;^ch  aa  thewheei^*- 


from  the  hopt**,te«4w«iS« 
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fmtt  of  the  ineliBed  imy  hy  wid  it  will  be  perceived  that  as  the  wheel  revolTes,  the  ^kUm 
rods  gf  in  passing  up  the  inclined  way,  will  caose  the  pistons  to  force  the  new-moulded 
bricks,  with  their  pallet  or  board  under  them,  seyerally  up  the  mould,  into  the  situation 
vliown  at  i,  in  fig.  178,  from  whence  they  are  to  be  removed  by  hsad.  Fresh  pallett 
being  then  placed  upon  the  several  pistons,  they,  with  the  moulds,  will  be  ready  for 
monMing  fresh  bricks,  when,  by  the  rotation  of  the  wheel  a,  they  are  severally  bnnifl^t 
under  the  hopper,  the  pistons  having  sunk  to  the  bottoms  of  their  boxes,  as  the  pistom 
rods  pissfd  down  the  other  side  of  the  inclined  way  h. 

The  patentee  says,  after  having  described  the  first  head  of  his  invention,  he  would 
have  it  understood  that  the  same  may  be  varied  without  departing  from  the  main  olgaet 
of  the  invention ;  fit.,  that  of  arranging  a  series  of  moulds  when  worked  by  means  of  an 
indined  track,  and  in  such  manner  that  bricks,  tihes,  or  other  articles  made  of  briek 
eaith,  may  be  capable  of  being  formed  in  a  mould  with  pallets  or  boards  laid  within 
|he  mouMs,  and  constituting  the  bottom  thereof,  the  bricks  being  removed  from  out  of 
the  moulds,  with  the  pallets  or  boards  under  them,  as  above  described.  do  not,  there- 
fanf  confine  mysdf  to  the  precise  arrangement  of  the  machine  here  shown,  though  it  k 
the  best  with  whidi  I  am  acquainted  for  the  purpose." 

The  seeond  head  of  the  invention  is  another  construction  of  apparatus  for  moulding 
hriek%  in  this  instance,  in  a  rectangular  frame.   Fig*  180  is  a  front  elevation  of  the  m*- 


diine ;  fig,  18 1,  a  section  of  the  same  taken  transversely,  a  a  is  the  standard  (rame-wwk 
uid  bed  on  which  the  bricks  are  to  be  moulded.  Near  the  corners  of  this  standard 
Hoe-work,  four  vertical  pillars  6  6  are  erected,  upon  which  pillars  the  frame  of  the 
iBooIding  boxes  e,  slides  up  and  down,  and  also  the  bar  d,  carrying  the  rods  of  the  pis- 
lQSife«.  These  pistons  are  for  the  purpose  of  compressing  the  clay  in  the  moulding 
W,  and  therefore  must  stand  exactly  over  and  correspond  with  the  respective  moulds 
B  the  frame  c  beneath. 

Hie  sliding  frame  c,  constituting  the  sides  and  ends  of  the  moulding  boxes,  is  SQp- 
POfted  at  each  end  by  an  upright  sliding  rod  /,  which  rods  pass  through  guides  fixed  to 
^  ales  of  the  standard  frame  a  a,  and  at  the  lower  end  of  each  there  is  a  roller,  bearing 
^the  levers  g,  on  each  side  of  the  machine,  but  seen  only  in  fig,  181,  which  levers^ 
^'ken  depressed,  allow  the  moulding  boxes  to  descend,  and  rest  upon  the  bed  or  table  of 
tkcBscfaineAA. 

h  this  position  of  the  machine  resting  upon  the  bed  or  table,  the  brick-earth  is  to  be 
P^md  upon,  and  spread  over,  the  top  of  the  frame  c,  by  the  hands  of  woikmen,  when 
^  descent  of  the  plunger  or  pistons  e  e  e,  will  cause  the  earth  to  be  forced  into  the 
■ndds,  and  the  bricks  to  be  formed  therein.  To  effect  this,  rotatory  power  is  to  be 
Vplied  to  the  toothed  wheel  i,  fixed  on  the  end  of  the  main  drivmg  crank  shaft  k 
Hidi  on  revolving  will,  by  means  of  the  crank  rods  I  /,  bring  down  the  bar  a,  with  the 
^oai  or  plungers  ee  e,  and  compress  the  earth  compactly  into  the  moulds,  and  thereby 
tefiie  bricks. 

When  this  has  been  done,  the  bricks  are  to  be  released  from  the  moulds  by  the 
Mfing  frame  e  rising  up  from  the  bed,  as  shown  in  fig,  180,  the  pistons  stiU  remain- 
■I  depressed,  and  bearing  upon  the  upper  surfaces  of  the  bricks.  The  moukiing  frame  if 
^*^  hy  means  of  cams  m,  upon  the  crank  shaft,  which  at  this  part  of  the  operation 
^.■naght  under  the  levers  g,  for  the  purpose  of  raising  the  cams  and  the  sliding  rods 
poritkm  shown  in  fig,  181. 

^Widu  having  been  thus  formed  and  released  from  their  moulds,  they  are  to  be 
'^ed  lh»n  the  bed  of  the  machine  by  pushing  forward,  on  the  front  tide^lie&Yi  Vmlt^l^ 
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or  pallets,  which  of  coarse  will  drive  the  bricks  out  npon  the  other  side^  whmm  |Im| 
ue  to  be  removed  by  hand. 

There  is  to  be  a  small  bole  in  the  centre  of  each  pallet,  and  also  in  the  bed,  for  4e 
purpose  of  allowing  any  superflaoas  earth  to  be  pressed  through  the  moolding  bom 
when  the  pistons  descend.  And  in  order  to  cnt  off  the  projecting  piece  of  clay  which 
would  be  thus  formed  on  the  bottom  of  the  brick,  a  knif&«dge  is  in  some  way  coaaeeCcd 
to  the  bed  of  the  machine ;  and  as  the  brick  slides  over  it,  the  knife  separates  the  pro- 
tuberant lump  :  but  the  particular  construction  of  this  part  of  the  apparatos  is  coosidend 
to  be  of  little  importance ;  and  the  manner  of  effecting  the  object  is  not  dearly  stiti4 
in  the  specification. 

The  patentee  proposes  a  variation  in  this  construction,  which  he  describes  m  these 
words :  ^  It  will  be  evident  that  in  place  of  having  the  moukls  to  rise,  they  nay,  by 
suitable  arrangements,  be  made  to  descend  below  the  bricks.  In  tiiis  case,  in  place  of 
the  boards,  stationary  blocks  to  receive  the  pallets  must  be  fixed  on  the  bed  of  the 
machine,  and  these  blocks  must  be  shaped  in  such  a  manner  as  to  allow  of  the  mooUs 
passing  over  them  ;  and  then  it  will  be  desirable  to  use  the  first  part  of  my  improve- 
ments, that  of  haviag  the  pallets  within  the  moulds  at  the  time  of  moulding  the  bricks; 
or  in  case  of  working  with  exceedingly  stiff  brick-earth,  the  pallets  may  be  dispeHcd 
with.*'  In  1835,  1,380,279,085  bricks  paid  duty  in  the  United  Kingdom;  the  revcnae 
from  which  was  405,580/.  65.  3d, 

BRIMSTONE.    (Soufre,  Fr. ;  Schwefel,  Germ.)   Sulphur,  which  see. 

BRITISH  GUM.  The  trivial  name  given  to  starch,  altered  by  a  slight  caldnatkm  m 
an  oven,  whereby  it  assumes  the  appearance  and  acquires  the  properties  of  gam,  hmac 
soluble  in  cold  water,  and  forming  in  that  state  a  paste  well  adapted  to  thicken  the 
colors  of  the  calicu  printer.   See  Starch. 

BROMINE,  one  of  the  archaeal  elements,  which  being  developed  from  its  combinatioiif 
at  the  positive  pole  of  the  voltaic  circuit,  has  been  therefore  deemed  to  be  idjo-electtD* 
positive,  like  oxygen  and  chlorine.  It  derives  its  name  from  its  nauseous  smell,  /ff'D^'f, 
ftetor.  It  occurs  in  various  saline  springs  on  the  continent  of  Europe,  in  those  of  Askbf 
de  la  Zouchc,  and  some  others  in  England  ;  in  the  lake  Asphaltites,  in  sponges,  in  soae 
marine  plants,  in  an  ore  of  zinc,  and  in  the  cadmium  of  Silesia.  At  ordinary  tempen- 
tures  it  is  liquid,  of  a  dark  brown  color  in  mass,  but  of  a  hyacinth-red  in  thin  lajm. 
Its  smell  is  rank  ami  disagreeable,  somewhat  like  that  of  chlorine.  It  has  a  very  camlie 
taste.  Its  specific  gravity  is  2*906.  Applied  to  the  skin  it  colors  it  deep  ycDow  tad 
corrodes  it.  One  drop  put  within  the  bill  of  a  bird  suffices  to  kill  it.  It  combines  with 
oxygen  with  feeble  affinity,  forming  bromic  acid.  Its  attraction  for  hydrogen  being  frr 
more  energetic,  it  forms  therewith  a  strong  acid,  the  hydrobromic. 

Bromine  dissolves  very  sparingly  in  water,  but  it  is  very  soluble  in  alcohol  and  ether* 
It  combines  with  carbon,  phosphorus,  sulphur,  and  chlorine,  as  well  as  with  most  of  the 
metals.  From  its  scarcity  it  has  not  hitherto  been  applied  to  any  purpose  in  the  tftS 
but  it  is  supposed  to  possess  powerful  discutient  effects  upon  scrofulous  and  other 
glandular  tumors,  whence  the  waters  containing  it  are  prescribed  as  an  internal  sid 
external  remedy  in  such  fonns  of  disease. 

BRONZE.   A  compound  metal  consisting  of  copper  and  tin,  to  which  somctiniei  > 
little  zinc  and  lead  are  added.   This  alloy  is  much  harder  than  copper,  and  vi> 
employed  by  the  ancients  to  make  swords,  hatchets,  &c.,  before  the  method  of  worfcnS 
iron  was  generally  understood.   The  art  of  casting  bronze  statues  may  be  traced  to  the 
most  remote  antiquity,  but  it  was  first  brought  to  a  certain  degree  of  refinemest  \fj 
Theodoros  and  Rgpcus  of  Samos,  about  700  years  before  the  Christian  era,  to  whom  the 
invention  of  modelling  is  ascribed  by  Pliny.   The  ancients  were  well  aware  thiS  H 
alloying  copper  with  tin,  a  more  fusible  metal  was  obtained,  that  the  process  of 
was  therefore  rendered  easier,  and  that  the  statue  was  harder  and  more  durable ;  ^ 
yet  they  frequently  made  them  of  copper  nearly  pure,  because  they  possessed  no  mesa* 
of  determining  the  proportions  of  their  alloys,  and  because,  by  their  mode  of  maatgiig 
the  fire,  the  copper  became  refined  in  the  course  of  melting,  as  has  happened  to  iBtVf 
founders  in  our  own  days.   It  was  during  the  reign  of  Alexander  that  bronze  flitatff 
received  its  greatest  extension,  when  the  celebrated  artist  Lysippus  succeeded  by  iK^ 
processes  of  moulding  and  melting  to  multiply  groups  of  sUtucs  to  such  a  degree  th»^ 
Pliny  called  them  the  mob  of  Jllexander,   Soon  afterwards  enormous  bronze  cotamefl^ 
were  made,  to  the  height  of  towers,  of  which  the  isle  of  Rhodes  possessed  no  len  thuoi^ 
hundred.   The  Roman  consul  Mutianus  found  3,000  bronze  statues  at  Athens,  3/)00  aC^ 
Rhodes,  as  many  at  Olympia  and  at  Delphi,  although  a  great  number  had  been  pmioiMt^' 
carried  off  from  the  last  town. 

In  forming  such  statues,  the  alloy  should  be  capable  of  flowing  readfly  into  aH  ^^^^S 
parts  of  the  mould,  however  minute ;  it  should  be  hard,  in  order  to  resist  aeddenti^ 
blows,  be  proof  ai^ainst  the  influence  of  the  weather,  and  be  of  such  a  nature  ti 
acquire  that  greenish  ozydized  coat  upon  the  surface  whith  is  so  mach  admired  m  tb^ 
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antique  broniea,  called  paikui  antiqua.  The  chemical  composition  of  the  bronze  alloy 
U  a  natter  therefore  of  the  first  moment.  The  brothers  Keller,  celebrated  founders  in 
the  time  of  Louis  XIV.,  whose  chefs  d'auvre  are  well  known,  directed  their  attentioa 
towaid  tluA  point,  to  which  too  little  impoitance  is  attached  at  the  present  day.  The 
statue  of  Bc^aix  in  the  Place  Dauphine,  and  the  column  in  the  Place  Vendome,  are  noted 
specimens  of  most  defective  workmanship  from  mismanagement  of  the  alloys  of  which 
they  are  composed.  On  analyzing  separately  specimens  taken  from  the  bass-reliefs  of  the 
pedesUl  of  this  colamn,  from  the  shaf),  and  from  the  capital,  it  was  found  that  the  first 
contained  only  six  per  cent,  of  alloy,  and  94  of  copper,  the  second  much  less,  and  the 
third  only  0*21.  It  was  therefore  oh\  ions  that  the  founder,  unskilful  in  the  melting  of 
braiMce,  had  gone  on  progressively  refining  his  alloy,  by  the  oxydizeroent  of  the  tin,  till  he 
had  ezhansted  the  copper,  and  that  he  had  then  worked  up  the  refuse  scoris  in  the  npper 
put  of  the  column.  The  cannons  which  the  government  furnished  him  for  casting  the 
SMottoBeot  consisted  of— 

Copper         -         -         -  89-360 

Tin       -  -  10-040 

Lead  -         -         -  0-102 

Silver,  zinc,  iron,  and  loss  0*498 


100-000 

The  monlding  of  the  several  bass-reliefs  was  so  ill  executed,  that  the  chisellers  employed 
to  repair  the  faults  removed  no  less  than  70  tons  of  bronze,  which  was  given  them,  be- 
sideB  300,000  francs  fur  their  work.  The  statues  made  by  the  Kellers  at  Versailles  were 
fimd  OB  chemical  analysis  to  consist  of — 


No.  I. 

No.  9. 

Nn.  3. 

The  m^an. 

Copper 

91-30 

91-68 

91-22 

91-40 

Tin 

1-00 

2-32 

1-78 

1-70 

Zinc 

6-09 

4-93 

5-57 

6-53 

Lead 

1-61 

1-07 

1-43 

1-37 

100  00 

100  00 

100  00 

100-00 

The  analysis  of  the  bronze  of  the  statue  of  Louis  XV.  was  as  follows : — 

Copper  82-45    Its  specific  grax'ily  was  8-482. 

Zinc  10-30 
Tin  4-10 

Lead  3-15 


100-00 

The  alloy  most  proper  for  bronze  medals  which  arc  to  be  afterward  struck,  is  composed 
of  from  8  to  12  parts  of  tin,  and  from  92  to  88  of  copper ;  to  which  if  two  or  three  parts 
ii  the  hundred  of  zinc  be  added,  they  will  make  it  assume  a  finer  bronze  tint.  The  alloy 
<f  the  Kellers  is  famous  for  this  effect.  The  medal  should  be  subjected  to  three  or  foar 
taeeessive  stamps  of  the  press,  and  be  softened  between  each  blow  by  being  heated  and 
lihmged  into  coM  water. 

The  bronze  of  bells  or  bell  metal  is  composed  in  100  parts  of  copper  78,  tin  22.  This 
tlhy  has  a  fine  compact  grain,  is  very  fusible  and  sonorous.  The  other  metals  sometimes 
tided  are  rather  prejudicial,  and  merely  increase  the  profit  of  the  founders.  Some  of  the 
English  belb  consist  of  80  copper,  10. 1  tin,  5-6  zinc,  and  4-3  lead ;  the  latter  metal  when 
ii  nch  large  quantity  is  apt  to  cause  insolated  drops,  hurtful  to  the  uniformity  of  the 

The  iam^tamn  and  cymbaU  of  bronze, — The  Chinese  make  use  of  bronze  instruments 
f«fed  fay  the  hammer,  which  are  very  thin,  and  raised  up  in  the  middle;  they  are  called 
fBBgiyfrom  the  word  ishoung,  which  signifies  a  bell.  Klaproth  has  shown  that  they  eon* 
tib  lothiag  bat  copper  and  tin ;  in  the  proportions  of  78  of  the  former  metal  and  22  of 
Aeklter.  Their  specific  gravity  is  8*815.  This  alloy  when  newly  cast  is  as  brittle  as 
bat  by  being  plunged  at  a  cherry-red  heat  into  cold  water,  and  confined  between 
IVD  discs  of  iron  to  keep  it  in  shnpe,  it  becomes  tough  and  malleable.  The  qrmbals 
^iirirt  of  80  parts  copper  and  20  tin. 

Bnmte  vessels  naturally  brittle  may  be  made  tenacious  by  the  same  ingenious  process, 
^vkieh  the  world  is  indebted  to  M.  Darcet.  Bronze  mortars  for  pounding  have  their 
^tMpered  in  the  same  way.  Ancient  warlike  weapons  of  bronze  were  variously  com* 
Mded;  swords  were  formed  of  87^  copper,  and  12}  tin  in  100  parts;  the  springs  of 
^"ite  consisted  of  97  copper,  and  3  tin. 

Cmsm  tmtal  consists  of  abont  90  or  91  copper,  and  10  or  9  of  tin.  From  the  ezperi- 
"*^if  Papsdno-d'Antony,  made  at  Turin,  in  1770,  it  appears  that  the  most  proper 
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alloy  for  great  gang  is  from  12  to  14  parts  of  tin  to  100  of  copper;  Imt  tbeComle  Lunar- 
tilliero  condnded  from  his  experiments  made  at  Dooay,  in  1786,  that  nerer  less  than 
nor  more  than  11  of  tin  should  be  employed  in  100  parts  of  bronie. 

Gilt  ornamenh  of  bronze. — ^Tbis  kind  of  bronie  should  be  easy  of  foNon,  wad  lake 
perfectly  the  impression  of  the  monld.  The  alloy  of  copper  and  line  is  when  IVised  of  a 
pasty  consistence,  does  not  make  a  sharp  cast,  is  apt  lo  absorb  too  much  amalgam,  is 
liable  to  crack  in  cooling,  and  is  too  toaeh  or  too  M)fl  for  the  chaser  or  the  tamer.  Wcfv 
the  qnantity  of  zinc  increased  to  make  the  metal  harder,  it  would  lose  the  yellow  edar 
suitable  to  the  eilder.  A  fourfold  combination  of  copper,  zinc,  tin,  and  lead  is  prefenbk 
for  making  such  ornamental  bronze  articli-s;  and  the  following  proportiuns  are  pnibaUy 
the  best,  as  they  unite  closeness  of  grain  with  the  other  good  qualities.  Copper 82^  siM 
18,  tin  3  or  1,  lead  1^  or  3.  In  the  alloy  which  contains  most  lead,  the  tenacitj  ia  di- 
minished and  the  density  is  increased,  which  is  preferable  for  pieces  of  small  dimentioM. 
Another  alloy,  which  is  said  to  require  for  its  gilding  only  two  thirds  of  the  ordinary  qm- 
tity  of  gold,  has  the  followini;  composition :  copper,  82-257;  line,  ]7'481 ;  tin,  0-238; 
lead,  0-024. 

The  antique  bronze  color  is  giren  to  fimires  and  other  objects  made  from  these  albyt  by 
the  following  procr^j; : — Two  drachms  uf  sal-ammoniac,  and  half  a  drachm  c»f  saltof  miTd 
(binoxalate  of  potash)  are  to  be  diitsolved  in  fourteen  ounce  measures  (English)  of  coka^ 
less  vinegar.  A  hair  pencil  beine  dipped  into  this  solution,  and  pressed  gently  betwea 
the  fingers,  is  to  be  rubbed  equally  over  the  clean  surface  of  the  object,  slightly  wanned 
in  the  sun  or  at  a  stove ;  and  the  operation  is  to  be  repeated  till  the  wished-lbr  shade  if 
obtained.   (See  Gilding.) 

The  bronze  founder  ought  to  melt  his  metals  rapidly,  in  order  to  prevent  the  loasof  tB| 
zinc,  and  lead,  by  their  oxydizement.  Reverberatory  furnaces  have  been  long  nsed  Ar 
this  operation  ;  the  best  being  of  an  elliptical  form.  The  furnaces  with  dome  tops  are 
employed  by  the  bell-founders,  because  their  alloy  being  more  fusible,  they  do  not  require 
so  intense  a  heat ;  but  they  also  wonld  find  their  advantage  in  umus  the  most  rapid  mode 
of  fusion.  The  surface  of  the  melting  metals  should  be  covered  with  small  charcoal,  cr 
coke ;  and  when  the  zinc  is  added,  it  should  be  dexterously  thrust  to  the  bottom  of  tke 
melted  copper.  Immediately  after  stirring  the  melted  mass  so  as  to  incorporate  its  ingre- 
dients, it  should  be  poured  out  into  the  moulds.  In  ceneral,  the  metals  most  easily  si* 
tered  by  the  fire,  as  the  tin,  should  be  put  in  last.  The  cooling  should  be  aa  qnidtH 
possible  in  the  moulds,  to  prevent  the  risk  of  the  metals  separating  fkom  each  other 
the  order  of  their  density,  as  they  are  very  opt  to  do.  The  addition  of  a  little  iron,  ia  the 
form  of  tin-p!nle,  to  bronze,  is  reckoned  to  be  advantageous. 

One  part  of  tin,  and  two  parts  of  copper  (nearly  one  atom  of  tin  and  four  of  copper^or 
more  exactly,  100  parts  of  tin,  and  215  copper),  form  the  onlinnry  speculum  metal  of  re 
fleeting  telescopes,  which  is  of  all  the  alloys  the  whitest,  the  most  brilliant,  the  hardeit) 
and  the  most  brilile.  The  alloy  of  1  part  of  tin,  and  10  of  copper  (or  nearly  one  atfio 
of  the  former  to  eighteen  of  the  latter),  is  the  strongest  of  the  whole  series. 

Ornamental  objects  of  bronze,  af\er  being  cast,  are  commonly  laid  upon  red-hot  eosb 
till  they  take  a  dull  red  heat,  and  are  then  exposed  for  some  time  to  the  air.  The  wr- 
face  is  thereby  freed  from  any  greasy  matter,  some  portion  of  the  zinc  is  dissipated,  the 
alloy  assumes  more  of  a  copper}'  hue,  which  prepares  for  the  subsequent  gilding.  The 
black  tinge  which  it  sometimes  ?ets  from  the  fire  may  be  removed  by  washing  it  with  t 
weak  acid.  It  may  be  mnde  very  clean  by  acting  upon  it  with  nitric  acid,  of  specifle 
gravity  1*324,  to  which  a  little  common  salt  and  soot  have  been  added,  the  latter  beiig 
of  doubtful  utility;  after  which  it  must  be  well  washed  in  water,  and  dried  wi*h  mgior 
saw-dust. 

Bronzing  is  the  art  of  giving  to  objects  of  wood,  plaster.  Ice,  such  a  surface  as  makes 
them  appear  as  if  made  of  bronze.  The  term  is  sometimes  extended  to  signify  the  pro* 
duction  of  a  metallic  appearance  of  any  kind  upon  such  objects.  They  ought  first  to  be 
smeared  over  smoothly  with  a  coat  of  size  or  oil  varnish,  and  when  nearly  dry,  the  me- 
tallic powder  made  from  Dutch  foil,  gold  leaf,  mosaic  i^old,  or  precipitated  copper,  is  to 
be  applied  with  a  dusting  bag,  and  then  rubbed  over  the  surface  with  a  linen  pad ;  or  the 
metallic  powders  may  be  mixed  with  the  drying  oil  beforehand,  and  then  applied  with  a 
brush.  Sometimes  fine  copper,  or  brass  filinirs,  or  mosaic  gold,  are  mixed  previonaly  with 
some  pulverized  bone-ash,  and  then  applied  in  either  way.  A  mixture  of  these  powders 
with  mucilage  of  gum  arahic  is  used  to  give  paper  or  wood  a  bronze  appearance.  The 
surface  must  be  afterward  burnished.  Copper  powder  precipitated  by  clean  platea  of  iron, 
from  a  solution  of  nitrate  of  copper,  af\er  being  well  washed  and  dried,  has  been  em- 
ployed in  this  way,  either  alone  or  mixed  with  pulverized  bone-ash.  A  finish  is  given  to 
works  of  this  nature  by  a  coat  of  spirit  varnish. 

A  white  metallic  appearance  is  given  to  plaster  figures  by  rubbing  over  them  nn  «Btl> 
gam  of  equal  parts  of  mercury,  bismuth,  and  tin,  and  applying  a  coat  of  varnish  over  h. 
The  hron-colored  bronzing  is  given  by  black  lead  or  plumlngo,  finely  palTeriaed  nnd 
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u-mshod.  Bostii  sad  other  objects  made  of  cast  iron  acquire  a  bronze  aspect  by  being  well 
deaaed  and  plunged  in  solution  of  sulphate  of  copper,  whereby  a  thin  film  of  this  metal 
is  left  upon  Uie  iron. 

Copper  acquires  by  a  certain  treatment  a  reddish  or  yellowish  hue,  in  contequenee  of 
a  little  oxyde  being  formed  upon  its  surface.  Coins  and  medals  may  be  handsomely 
bronied  as  folluws ;  two  parts  of  verdigris  and  1  pa  t  of  sal  ammonnc  are  to  be  dis- 
•olred  in  vinegar;  ihe  soluiiun  is  to  be  boiled,  skiinm*^,  and  diluted  wiih  water  till  it  has 
only  a  weak  raetaiUc  taste,  anJ  upon  further  dilution  lets  fjll  no  white  [precipitate.  This 
solution  is  made  to  boil  briskly,  and  is  poured  upon  the  objects  to  be  bionzed,  which  are 
previously  made  quite  clean,  particularly  free  frum  grease,  and  set  in  auother  copper  pan. 
This  pan  is  to  be  put  upon  the  fire,  that  the  bniUn\  may  be  renewed.  The  pieces  under 
<qpetation  must  be  so  laid  that  the  solution  has  irn'^  access  to  every  point  of  their  snrfaec 
The  copper  hereby  acquires  an  agreeable  red  ii<t:  brown  hue,  without  losing  its  lustre. 
But  if  the  proce»s  be  tuo  long  continued,  the  coat  of  oxydc  becomes  thick,  and  makes  the 
olijeets  appear  scaly  an  J  dulL  Hence  (hey  must  be  inspected  every  5  minutes,  and 
be  taken  out  of  the  solution  the  moment  their  ccdor  arrives  at  the  desired  shade.  If 
the  ioiotiua  be  toostronse,  the  bronzing  comes  off  with  friction,  or  the  copper  gels  covered 
with  a  white  powder,  which  becomes  green  by  exposure  to  air,  and  the  labor  is  oon- 
sequently  lost.  The  bronzed  pieces  are  to  be  washed  with  many  repeated  waters,  and 
carefully  dried,  otherwise  they  would  infallihly  turn  green.  To  give  fresh  made  bronze 
objeela  an  aati:iue  appearance,  three  qunrters  of  an  ounce  of  sal  ammoniac,  aad  a  drachm 
aad  a  half  of  binoxaiate  of  potash  (salt  of  sorrel)  are  to  be  dissolved  in  a  quart  of  vinegar, 
•ad  a  soft  rag  or  brush  moisteS'^d  with  this  suiutinu  is  to  be  rubbed  over  the  dean  bright 
metal,  till  its  suifocc  becomes  entirely  dry  by  the  friction.  This  process  must  be  repeat- 
ed several  times  tu  produce  the  full  clfect;  aa  l  the  object  should  be  kei)t  a  title  warm. 
Capper  acquires  very  readily  a  brown  color  by  rubbing  it  with  a  soiuiion  of  Che  common 
liver  of  sulphur,  or  sulphuret  of  potash. 

The  Chinese  arc  said  to  bronze  their  copper  vessels  by  takiag  2  ounces  of  verdi- 
gris, 2  ounces  of  cinnabar,  5  ounces  of  sal  ammoniac,  and  5  ounces  of  alum,  all  ia 
powdei^  making  them  into  a  pas(>e  with  vinegar,  and  spreading  this  pretty  thick  like  a 
pigment  on  the  surfaces  previously  bri^^htened.  The  piece  is  then  to  be  held  a  little 
while  over  a  fire,  till  it  becomes  uniformly  heated.  It  is  nest  cooled,  washed,  and  dried; 
aAer  which  it  is  treated  in  the  same  way  once  and  again  till  the  wished  fur  color  is 
obUiaed.  An  addition  of  sulphate  of  copper  makes  the  color  incline  more  to  chestnut 
bsawn,  aodof  borax  more  to  yeUow.  It  is  obvious  that  the  cinnabar  produces  a  thin  coat 
of  salphuret  of  copper  upon  the  surface  of  the  vessel,  and  might  probably  be  used  with 
advantage  by  itself. 

To  give  the  appearance  of  antique  bronze  to  modern  articles,  we  should  dissolve  1 
part  of  sat  ammoniac,  3  parts  of  cream  of  toKar,  and  6  parts  of  common  salt  in 
12  parts  flf  hot  water,  and  mix  with  the  solution  8  parts  of  a  solution  of  attmte 
of  copper  of  specific  gravity  1160.  This  compound,  when  applied  repeatedly  in  a 
Dodcsrately  damp  place  to  bronze,  gives  it  in  a  short  time  a  durable  green  eoat, 
vhieh  becomes  by  degrees  very  beautiful.  More  salt  gives  it  a  yellowish  tinge,  led 
tdt  a  blaeish  cast.  A  large  addition  of  sal  ammoniac  accelerates  the  operation  of  the 
nordaal. 

BaowtriN'G  9/  guu-bamli  and  ofher  arms, — By  this  process,  the  surface  of  several 
srtieles  of  iroa  acquires  a  shining  brown  color.  This  preparation,  which  protects  the 
iron  Cram  rust,  and  also  improves  its  appear aace,  is  chiefly  employed  for  the  barreli  of 
CiwUBg-iMc^  ^  soldiers'  rides,  to  conceal  the  fire-arms  from  the  irame  and  the  enemy. 
The  finest  kind  of  browning  is  the  Damascus,  in  which  dark  and  bright  lines  run  thiongh 
Ike  brown  ground. 

This  operation  consists  in  producing  a  very  thin  uniform  film  of  oxyde  or  rust  upon  the 
izoa,  aad  giving  a  gloss  to  its  surface  hy  rubbing  wax  over  it,  or  coating  it  with  a  shd- 
tae  varnish. 

Several  means  may  be  employed  to  produce  this  rust  speedily  and  welL   The  eifeet 
■My  be  obtained  by  enclosing  the  barrels  in  a  space  filled  with  the  vapor  of  muriatic 
•eid.   Moistening  their  surface  with  dilute  muriatic  or  nitric  acid,  will  answer  the  snme 
ffupose.   But  the  most  common  material  used  for  browning,  is  the  butter  or  chloride 
of  antimony,  which,  on  account  of  its  being  subservient  to  this  purpose,  has  been  eaUed 
trasttjig  tali.    It  is  mixed  uniformly  with  olive  oil,  and  rubbed  upon  the  iron  slightly 
Wited;  which  is  aAerwards  exposed  to  the  air,  till  the  wished-for  degree  of  browning  is 
Vj^daced.   A  little  aquafortis  is  rubbed  on  aAer  the  antimony,  to  quicken  its  opemtioB. 
^  blown  barrel  must  be  then  carefully  cleaned,  washed  with  water,  dried,  and  finnttj 
Niihed,  either  by  the  steel  burnisher,  or  rubbed  with  white  wax,  or  varnished  with  a 
'J'vttoB  of  2  ounces  of  shellac,  and  three  drachms  of  dragon's  blood,  in  2  quarts  of  spirit 

CaXkming  process  may  also  be  recommended :  Make  a  solution  with  half  §m 
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ounce  of  aquafonifl,  half  an  ounce  of  sweet  spirit  of  nitre,  1  oanee  of  spirit  of  wine, 
2  ounces  of  sulphate  of  copper,  and  i  ounce  of  tincture  of  iron,  in  so  much  water  as 
will  fill  allo^elher  a  (|uart  measure.  The  s:un  barrel  to  be  browned  mast  first  of  all  be 
filed  and  polished  bright,  and  then  rubbed  with  unslaked  lime  and  water  to  clear  away 
all  the  grease.  Its  two  ends  must  now  be  stopped  with  wooden  rods,  whieh  may  serre 
as  handles,  and  the  toudi-hole  must  be  filled  with  wax.  The  barrel  is  then  to  be  nibbed 
with  that  solution,  applied  to  linen  racs  or  a  sponge,  tiU  the  whole  surface  be  equaDjr 
moistened ;  it  is  allow^  to  stand  24  hours,  and  is  then  scrubbed  with  a  stiff  bmsb. 
The  application  of  the  liquid  and  the  brushing'  may  be  repeated  twice  or  oAener,  tOl  the 
iron  acquires  a  fine  brown  color.  AHtr  the  lost  brushing,  the  barrel  must  be  washed 
with  plenty  of  boilins^  water,  contain  in:;;  a  little  potash ;  then  washed  with  clean  water, 
dried,  rubbed  with  polishinar  hard  wood,  and  conttd  with  shellac  varnish,  lor  whit^  pnr- 
pose  the  barrel  must  be  heated  to  the  builinc  point  of  water.  It  is  finally  polished  whb  I 
pieeeof  hard  wood. 

Storch  recummends  to  make  a  brownin?  solution  with  1  part  of  sulphate  of  eoppcTyOW 
third  of  a  part  of  sulphuric  ether,  and  4  parts  of  distilled  water. 

To  gire  the  damnsk  appearance,  the  barrel  must  be  rubbed  over  first  with  Tery  dilute 
aquafortis  and  vineznr,  mixeil  with  a  solution  of  blue  vitriol ;  washed  and  dried,  and 
rubbed  with  a  hard  brush  to  remove  any  scales  of  copper  which  may  be  precipitated  opoa 
it  finom  the  sulphate. 

Statues,  vases,  bass-reli(;fs,  and  other  objects  made  of  srypsum,  may  be  durably  bromedl, 
and  bear  exposure  to  the  weather  better  ihan  al\er  the  ordinary  oiKvamisb,  by  the 
followins^  pmeess: — Prepare  a  soaj)  fn>m  linseed  oil,  boiled  with  caustie  soda  ley,  to  whieh 
add  a  solution  of  common  snit,  and  concfiitrnte  it  by  boiling,  till  it  becomes  somewhst 
granular  upon  the  sarlacc.  It  is  then  thrown  up<in  a  piece  of  linen  cloth,  and  strained 
with  motleratc  pressure.  What  passes  through  is  to  be  diluted  with  boiliiu^  water,  awl 
again  fillere*!.  On  the  other  hand,  4  parts  of  blue  vitriol  and  1  part  of  copperas  areio 
be  dissolved  separately  in  hot  \mier.  This  solution  is  to  he  poured  slowly  into  the 
solution  of  soap,  as  lon^  ns  it  occasions  any  proeipitale.  This  floceulent  matter  ii  a 
mixture  of  cupreous  soap  and  ferruginous  soap,  that  is,  a  combination  of  the  oxydes  of 
eopper  and  iron  with  I  he  mariraric  acid  of  the  stnln  son  p.  The  copper  so»p  is  ereen,  the 
iron  soap  is  reddish  brown,  and  both  together  resemble  that  green  rust  which  is  charac- 
teristic of  the  antique  bn;nzos.  When  the  prcripitnte  is  completely  separated,  a  Imh 
portion  of  the  vitriol  solution  is  to  be  poured  upon  it  in  a  copper  pan,  and  is  mode  to  boil, 
in  order  to  wash  it.  After  w>rne  time,  the  Ii  piid  part  must  he  decanted,  and  replaced  hf 
warm  water  for  the  purpose  of  washina:  the  metallic  M  aps,  lliey  are  finally  treated  with 
cold  water,  pressed  in  a  linen  bag,  drained,  and  dried.  In  this  state  the  compound  is  ready 
for  use  in  the  following  way : — 

Three  pounds  of  pure  linsee<I  oil  are  to  be  bofled  with  twelve  ounces  of  finely- 
powdered  li<har<;o,  then  strained  thn)ugh  a  coarse  canvass  cloth,  and  allowed  to  stand  in 
a  vrarm  place  till  the  soap  turns  clear  Fifteen  ounn's  of  this  poap  varnish,  mixed  with 
12  ounces  of  the  alwve  metallic  s(»nps,  and  5  ounces  of  fine  white  wax,  are  to  be  melted 
together  at  a  arcntle  lieat  in  a  pore;  hiin  bnsin,  by  means  of  a  water  bath.  The  mixture 
must  be  kept  for  some  time  in  a  melied  state,  to  expel  any  moisture  which  it  may  contain. 
It  must  be  then  applied,  by  means  of  a  painter's  brus^h,  to  the  surface  of  the  gypsum  pre- 
viously heated  to  the  temperature  of  about  200°  F.  liy  skilful  roanacement  of  the  heat, 
the  color  may  be  evenly  and  smoothly  laid  on  without  filling  up  the  minute  lineaments 
of  the  busts.  When,  af\er  remaining  in  the  cool  air  for  o  few  days,  the  smell  of  the  pig- 
ment  has  gone  olf,  the  surface  is  to  he  nibbe<l  with  cotton  wool,  or  a  fine  linen  rag,  and 
variegated  with  a  few  streaks  of  metal  powder  or  shell  uold.  Small  objects  may  be 
ttl  in  the  melted  mixture,  and  then  exposed  to  the  heat  of  a  fire  till  they  are  thoronf^ 
penetrated  and  evenly  coated  with  it. 

BROWN  DYK.  Upcm  this  subject  some  lenernl  views  are  given  in  the  article  Dri- 
iNG,  explanatory  of  the  nature  of  this  color,  to  which  I  may  fb  the  first  place  refer.  Tkis 
dye  presents  a  vast  variety  of  tints,  from  yellow  and  red  to  black  brown,  and  is  prodnced 
either  by  mixtures  of  red,  yellow,  and  blue  with  ench  other,  or  of  yellow  or  red  witk 
black,  or  by  substantive  colors,  such  as  catechu  or  oxyde  of  manganese,  alone.  We  shall 
here  notice  only  the  principal  shades ;  leaving  their  modifications  to  the  caprice  or  skill  of 
the  dyer. 

1.  Brown  from  mixture  of  other  colors. 

Wool  and  woollen  cloths  must  be  boiled  with  one  eighth  their  weight  of  alim  and 
snipho-tartrate  of  iron  (see  this  article);  afterwards  washed,  and  winced  through  the 
madder  bath,  which  dyes  the  portion  of  the  stuff  imbued  with  the  alum  red,  and  that  with 
the  salt  of  iron  black ;  the  tint  depending  upon  the  proportion  of  each,  and  the  dnmtioii 
of  the  madder  bath. 

A  similar  brown  is  produced  by  boiling  every  i^ound  of  the  stufif  with  two  ounces  of 
alum,  and  one  ounce  of  conmion  salt,  and  Uien  dyeing  it  in  a  bath  of  logwood  contain- 
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uig  either  sulphoUrtrate,  acetate,  or  sulphate  oT  iron.  Or  the  stuff  may  be  boiled  with 
alain  and  tartar,  dyed  up  in  a  madder  bath,  and  then  run  through  a  black  bath  of  iron 
mordant  and  galls  or  sumach.  Here  the  black  tint  is  added  to  the  red  till  the  proper  hue 
be  hit.  The  brown  may  be  produced  also  by  adding  some  iron  liquor  to  the  madder  bath, 
after  the  stuff  has  been  dyed  up  in  it  with  alum  and  tartar.  A  better  brown  of  this 
kiiid  is  obtained  by  boiling  every  pound  of  wool  with  2  ounces  of  alum,  dyeing  it  up  in 
cochineal,  then  changing  the  crimson  thus  given  into  brown,  by  turning  the  stuff  through 
the  bttth  after  acetate  of  iron  has  been  added  to  it.  Instead  of  the  cochineal,  archil,  or 
eutbear,  with  a  little  galls  or  sumach,  may  be  used. 

Wool  or  silk  may  also  receive  a  light  blue  ground  from  the  indigo  vat,  then  be  mor- 
danted with  alum,  washed,  and  turned  through  a  madder  bath  tiU  the  wished-for  brown 
be  brought  out.  For  the  deeper  shades,  galls  or  sumach  may  be  added  to  the  paler  Brazil- 
woody  with  more  or  less  iron  mordant.  Instead  of  the  indigo  vat,  Sblxoh  blue  may  be 
employed  to  ground  the  stufl'  before  dyeing  it  with  madder,  or  5  pounds  of  madder,  with 
1  pound  of  alum,  a  solution  of  one  tenth  of  a  pound  of  indigo  in  sulphuric  acid,  may  be 
used  with  the  proper  quantity  of  water  for  20  pounds  of  wool;  for  dark  shades,  some  iroD 
mordant  may  be  added.  Or  we  may  combine  a  bath  of  cochineal  or  eutbear,  fustic, 
and  galls,  and  add  to  it  sulphate  of  iron  and  sulphate  of  indigo,  blunted  with  a  little 
potash. 

If  we  boil  woollen  cloth  with  alum  and  tartar,  then  pass  it  through  a  madder  bath,  and 
afterward  through  one  of  welJ  or  fustic,  containing  more  or  less  iron  mordant,  we  obtain 
shades  variable,  according  to  the  proportions  of  the  materials,  from  mordore  and  cinnamon 
to  chestnut  brown. 

After  the  same  manner,  bronze  colors  may  be  obtained  from  the  union  of  olive  dyes 
with  red.  For  25  pounds  of  clulh,  we  take  4  pounds  of  fustic  chips,  boil  them  for  2  hours, 
torn  the  cloth  in  this  bath  for  an  hour,  and  drain  it ;  then  add  to  the  bath  from  4  to  6 
oonces  of  sulphate  of  iron,  and  1  pound  of  ordinary  madder,  or  2  pounds  of  sandal-wood; 
put  the  cloth  again  in  this  compound  bath,  and  turn  it  through,  till  the  desired  shade  be 
obtained.  By  changing  the  proportions,  and  adding  an  iron  mordant,  other  tints  may  be 
produced. 

This  mode  of  dyeing  is  suitable  for  silk,  but  with  three  different  baths;  one  of  logwood, 
one  of  Braail'Wood,  and  one  of  fustic.  The  silk,  after  being  boiled  with  soap,  is  to  be 
alumed,  and  then  dyed  up  in  a  bath  compounded  of  these  three  decoctions,  mixed  in  the 
requisite  proportions.  By  the  addition  of  walnut  peels,  sulphate  of  copper,  and  a  little 
sulphate  of  iron,  or  by  passing  the  silk  through  a  bath  of  annotto,  a  variety  of  brown 
ahades  may  be  had. 

Or  the  silk  may  receive  an  annotto  ground,  and  then  be  passed  through  a  bath  of  log- 
wood or  Brazil-wtKxi.  For  10  pounds  of  silk,  6  ounces  of  annotto  are  to  be  taken,  and 
dissolved  with  18  ounces  of  potashes  in  boiling  water.  The  silk  must  be  winced  through 
XYm  solution  fur  2  hours,  then  wrung  out,  dried,  next  alumed,  passed  through  a  bath  of 
Srazil-wood,  and  finally  through  a  bath  of  logwood,  containing  some  sulphate  of  iron. 
J t  is  to  be  wrung  out  and  dried. 

Brown  of  different  shades  is  imparted  to  cotton  and  linen,  by  impregnating  them  with 
a  v>ixed  mordant  of  acetates  of  alumina  and  iron,  and  then  dyeing  them  up,  either  with 
madder  alone,  or  with  madder  and  fustic.  When  the  aluminous  mordant  predominates, 
%h)t  madder  gives  an  amaranth  tint.  For  horse-chestnut  brown,  the  cotton  must  be  galled, 
plowed  into  a  black  bath,  then  into  a  bath  of  sulphate  of  copper,  next  dyed  up  in  a  de- 
ctntion  of  fustic,  wrung  out,  passed  through  a  strong  madder  bath,  then  through  the  sol- 
phsie  of  copper  solution,  and  finished  with  a  soap  boil.  Different  shades  of  cinnamon 
obtained,  when  cottons  first  dyed  up  with  madder  get  an  olive  cast  with  iron  Uquorin 
•  Astic  bsth. 

I^ese  cinnamon  and  mordore  shades  are  also  produced  by  dyeing  them  first  in  a  bath 
Weld  and  verdigris,  pasi^ing  them  through  a  solution  of  sulphate  of  iron,  wringing  and 
^JTiiig  them ;  next  putting  them  through  a  bath  containing  1  pound  of  gulls  for  10  pounds 
?^  Muff,  a^ain  drying,  next  aluming,  and  maddering.   They  must  be  brightened  by  a  boil 
"*  •oap  water. 

sa\»erior  brown  is  produced  by  like  means  upon  cotton  goods,  which  have  undergone 
oiling  process  of  the  Turkey  red  dye.   Such  stuffs  must  be  galled,  mordanted  with 
^^^tn  (see  Madder),  sulphate  of  iron,  and  acetate  of  lead  (equal  to  }  of  the  nlum);  after 
^''^^inf;  and  drying,  dyed  in  a  madder  bath,  and  cleared  with  a  soap  boil.   The  tint  of 
*^Wn  Taries  with  the  proportion  of  alum  and  sulphate  of  iron. 

»Ve  perceive  from  these  examples,  in  how  many  ways  the  browning  of  dyes  may  be 
JJ^iiieid,  upon  what  principles  they  are  founded,  and  how  we  have  it  in  our  power  to  turn 
^^Hwde  more  or  less  toward  red,  black,  yellow,  blue,  &e. 

.  ^rown  may  be  produced  by  direct  dyes.   The  decoction  of  oak  bark  dyes  wool  a  fhst 
,.^*^Wb  of  different  shades,  according  to  the  concentration  of  the  bath.   The  color  is  more 
with  the  addition  of  alum. 
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The  decoction  of  btstard  mujoram  (Origanmm  vulgart)  dfet  eodmi  ud  linai  •  nddkh 
brown,  with  acetate  of  alumina.   Wool  takes  from  it  a  dark  brown. 

The  bark  of  the  mangroTe  tree  {Rizophora  mangU)  afibidt  to  wool  boiled  with  aloa 
and  tartar  a  fine  red  brown  cobr,  which,  with  the  addhkw  of  anlpluite  of  iran,  ptM 
into  a  fhst  chocolate. 

The  Bablahy  the  pods  of  the  East  Indian  Mimoia  dmgrariaj  and  the  Afirieui  JfuMM 
niloticay  gives  cotton  a  brown  with  acetate  or  solphate  of  eopper. 

The  root  of  the  white  sea  rose  (Nymphaa  alba)  gives  to  eotton  and  wool  beantitU 
shades  of  brown.  A  mordant  of  salphate  of  iron  and  tine  b  first  {dvenf  «od  then  the 
wool  is  turned  through  the  decoction  of  the  root,  till  the  wished-for  shade  it  obtained. 
The  cotton  must  be  mordanted  with  a  mixture  of  the  acetates  of  iron  and  xiae. 

Walnut  peels  (Juglans  regia),  when  ripe,  contain  a  dark  brown  dye  stafft  whieh  cob- 
municates  a  permanent  color  to  wool.  The  older  the  infusion  or  decoetioa  of  the  ped% 
the  better  dye  does  it  make.  The  stuff  is  dyed  in  the  lukewarm  bath,  and  needi  m 
mordant,  though  it  becomes  brighter  with  alum.  Or  this  dye  may  be  combined  with  the 
madder  or  fustic  bath,  to  give  varieties  of  shade.  For  dyeing  silk,  this  bnth  shonki  be 
hardly  lukewarm,  for  fear  of  causing  inequality  of  color. 

The  peelings  of  horse-chestnuts  may  be  used  for  the  same  purpose.  With  mnrinte  of 
tin  they  give  a  bronze  color,  and  with  acetate  of  lead  a  reddish  bix)wn. 

Catechu  gives  cotton  a  permanent  brown  dye,  as  also  a  bronie,  and  mordor6,  when  ib 
solution  in  hot  water  is  combined  with  acetate  or  sulphate  of  eopper,  or  when  the  stiff 
is  previously  mordanted  with  the  acetates  of  copper  and  alumina  mixed,  sometimee  with 
a  little  iron  liquor,  rinsed,  dried,  and  dyed  up,  the  bath  being  at  a  boiling  heat. 
Ferrocyanate  of  copper  gives  a  yellow  brown  or  a  bronze  to  cotton  and  aiJk. 
The  brown  color  called  carmdite  by  the  French  is  produced  by  one  pound  of  eatecki 
to  four  ounces  of  verdiq^ris,  with  five  ounces  of  muriate  of  ammonia.  The  biOBM 
(ioliiain)  is  given  by  passing  the  stuff  through  a  solution  of  muriate  or  snlphale  of 
manganese,  with  a  little  tartaric  acid,  drying,  passing  through  a  potash  ley  at  4°  Banntfi 
brightening  and  fixing  with  solution  of  chloride  of  lime. 

BRUSHES.  (BroirfCf,  Fr.;  Bunten^  Germ.)  Mr.  T.  Mason  obtained  a  pnteat  ia 
October,  1830,  for  an  improvement  in  the  manufacture  of  this  article.  It  conaiMs  ia  t 
firmer  mode  of  fixing  the  knots  or  small  bundles  of  hair  into  the  stock  or  the  handle  of 
the  brush.  This  is  done  by  forming  grooves  in  the  stocks  of  the  bmshes,  ibr  the  purpose 
of  receiving  the  ends  of  the  knots  of  hair,  instead  of  the  holes  drilled  into  the  wood,  ai 
in  brushes  of  the  common  constructions.  These  grooves  are  to  be  formed  like  a  dovetail, 
or  wider  at  the  bottom  than  the  top ;  and  when  the  ends  of  the  knots  of  hair  have  been 
dipped  into  cement,  they  are  to  be  placed  in  the  grooves  and  compressed  into  an  oval  IbroL 
by  which  the  ends  of  the  hair  will  be  pressed  outwards  into  the  recess  or  wider  part  or 
the  dovetailed  gnwve,  or  the  grooves  may  be  formed  with  threads  or  teeth  on  the  sidei^ 
instead  of  bein$;  dovetailed ;  and  the  cement  and  hairs  being  pressed  into  the  teeth  or 
threads,  will  cause  them  to  adhere  firmly  to  the  stock  or  handle  of  the  brush. 

A  metal  ft-rnile  may  be  y]a.cvd  on  the  outside  of  the  stock  of  the  brush,  if  neeessaiy, 
and  secured  by  pins  or  rivets  (ir  in  any  other  convenient  manner,  which  ferrule  may 
also  form  one  side  of  the  outer  groove.  Fig.  182  it 
a  pliin  view  of  the  stock  of  a  round  brush;  Jig,  183 
is  a  section  of  the  same ;  a  a  are  the  dovetail«i  groorei^ 
which  arc  turned  out  of  the  wood ;  6  is  the  metal  fer* 
rule ;  c  c  are  knots  or  small  bundles  of  hair,  to  ibnn 
the  brush.  After  a  number  of  the  knots  of  hair  me 
prepared,  the  ends  are  to  be  dipped  into  proper  cement, 
an-.]  then  placed  into  the  grooves,  when  their  ends  an 
to  be  squeezed  by  a  pair  of  pliers,  or  other  means,  whkh 
will  compress  them  into  the  oval  shape,  as  shown  in 
Jig,  184,  and  cause  the  ends  of  the  hairs  to  extend  out- 
ward under  the  dovetailed  part  of  the  recess. 

The  knots  of  hair  are  to  be  successively  placed  in  the 
grooves,  and  forced  up  by  a  tool  against  the  last  knot 
put  in,  and  so  on,  until  the  grooves  are  filled ;  Jig,  184  it 
a  section  taken  through  a  brush  with  teeth  or  threads  of  a  screw  formed  upon  the  tidet 
of  the  groove ;  into  these  teeth  or  threads  the  cement  and  hairs  will  be  forced  bj  the 
compression,  by  which  means  they  will  be  held  firmly  in  the  stock  of  the  brush. 

BUTTER.  (Bearre,  Fr.;  Butter,  Germ.)  Milk  contains  a  fatty  matter  of  more 
or  lets  consistency,  modified  very  much  according  to  the  nature  of  the  animah  whieh 
afford  it.  This  substance  is  butter,  held  suspended  in  the  milk  by  means  of  the  eaaeoot 
matter  and  whey,  with  which  it  is  intimately  blended.  Milk  is  a  true  emulsion 
retnlting  from  the  mixture  of  these  three  ingredients,  owing  its  opacity  and  white 
9olor  to  the  diffusion  through  it  of  that  butyraceous  oil.   When  any  eircumalanee 
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diHolvet  this  iiiikm,  eieh  component  becomes  insulated,  and  manifests  its  peenUar 
properties.  Milk,  even  left  to  itself,  at  a  temperature  of  fhnn  60^  to  60^  F.,  separates 
spontaneouslf  into  several  prodncts.  A  layer  of  a  fatter,  more  consistent,  bnt  lighter 
nature,  floats  iqion  its  surface,  while  the  subjacent  Uqoid  forms  a  white  magma,  whioh 
retains  among  its  curdy  flocks  all  the  whey  of  the  milk.  The  npper  layer  or  cream  eon- 
taioa  nearly  the  whole  of  the  bntter ;  but  a  portion  remains  entangled  with  the  cord  and 
whey  below. 

It  belongs  to  a  work  on  husbandry  or  rural  economy  to  treat  fully  of  the  operatwns  of 
the  dairy;  one  of  the  principal  of  which  is  the  extraction  of  butter  from  mQk. 

The  Tartars  and  French  have  been  long  in  the  habit  of  presenring  butter,  by  melting 
it  with  a  moderate  heat,  whereby  are  coagulated  the  albuminous  and  curdy  matters 
ramaiaiog  in  it,  which  are  very  putresdble.  This  fusion  should  be  made  by  a  heat  of 
a  water  bath,  about  F.,  continued  for  some  time,  to  effect  the  more  complete 
purification  of  the  butter.  If  in  this  settled  liquefied  state  it  be  carefully  decanted, 
•trained  through  a  tammy  ck>th,  and  slightly  salted,  it  may  be  kept  for  a  long  time  neariy 
fresh,  without  becoming  in  any  degree  rancid,  more  especially  if  it  be  put  up  in  imall 
jars  closely  corered. 

Butter  op  Cacao.   See  Cacao  and  Oils. 

BUTTON  MANUFACTURE.  This  art  is  divided  into  several  branches,  constituting 
ao  many  distinct  trades.  Horn,  leather,  bone,  and  wood,  are  the  substances  frequently 
employed  for  buttons,  which  are  either  plain,  or  covered  with  silk,  mohair,  thielid,  or 
other  ornamental  materials.  The  most  durable  and  ornamental  buttons  are  made  of. 
various  metals,  polished,  or  covered  with  an  exceedingly  thin  wash,  as  it  is  termed,  of 
some  more  valuable  metal,  chiefly  tin,  silver,  and  gold. 

Those  buttons  intended  to  be  covered  with  silk,  &c.  are  termed,  in  general,  monlds. 
They  are  small  circles,  perforated  in  the  centre,  and  made  from  those  refuse  chips  of  bone 
which  are  too  small  for  other  purposes.  These  chips,  which,  for  the  large  and  coarser 
bottona,  are  pieces  of  hard  wood,  are  sawn  into  thin  flakes,  of  an  equal  thickness ;  ilrom 
which,  by  a  machine,  the  button  moulds  are  cut  out  at  two  operations. 

The  shavings,  sawdust,  and  more  minute  fragments,  are  used  by  manufacturers  of 
CBtlery  and  iron  toys,  in  the  operations  of  case-hardening ;  so  that  not  the  smallest  waste 
takes  place. 

Metal  buttons  are  formed  of  an  inferior  kind  of  brass,  pewter,  and  other  metalHe 
compositions :  the  shanks  are  made  of  brass  or  iron  wire,  the  formation  of  which  is  a 
distinct  trade.    The  buttons  are  made  by  casting  them  round  the  shank.    For  this 
purpose  the  workman  has  a  pattern  of  metal,  consisting  of  a  great  number  of  circular 
buttons,  connected  together  in  one  plane  by  very  small  bars  from  one  to  the  next ;  and 
the  pattern  contains  from  four  to  twelve  dozen  of  buttons  of  the  same  size.  An 
impression  from  this  pattern  is  taken  in  sand  in  the  usual  manner;  and  shanks  are 
l>re8aed  into  the  sand  in  the  centre  of  each  impression,  the  part  which  is  to  enter  the 
xnetal  being  left  projecting  above  the  surface  of  the  sand.   The  buttons  are  now  cast 
#rom  a  mixture  of  brass  and  tin ;  sometimes  a  small  proportion  of  zinc  is  added,  whidi 
£s  found  useful  in  causing  the  metal  to  flow  freely  into  the  mould,  and  make  a  sharp 
casting.   When  the  buttons  are  cast,  they  are  cleaned  from  the  sand  by  brushing; 
€Jiey  are  then  broken  asunder,  and  carried  to  a  second  workman  at  the  lathe,  who  in- 
aserts  the  shank  of  a  button  into  a  chuck  of  a  proper  figure,  in  which  it  is  retained  by 
"CJbe  back  centre  of  the  lathe  being  pressed  against  the  button  with  a  spring.   The  eir- 
camference  is  now,  by  filing  it  as  it  turns  round,  reduced  to  a  true  circle ;  and  the  button 
£b  isstantly  released  by  the  workman's  holding  back  the  centre,  and  is  replaced  by 
^Joiher.   A  third  workman  now  turns  the  back  of  the  button  smooth,  in  a  chuck  lath^ 
sad  makes  the  projecting  part  round  the  shank  true ;  and  a  fourth  renders  the  face  of 
the  button  smooth,  by  placing  it  in  a  chuck,  and  applying  the  edge  of  a  square  bar  of 
across  its  centre. 

CHlt  battons  are  stamped  out  from  copper,  (having  sometimes  a  small  alloy  of  zinc,) 
'^inated  in  the  flatting  mill  to  the  proper  thickness.  The  stamp  is  urged  by  a  fly- 
P'eaa,  which  cuts  them  out  at  one  stroke.  These  circular  pieces,  cailled  blanks,  are  an- 
**^od  in  a  fhraace  to  soften  them ;  and  the  maker's  name,  k.c.  is  struck  on  the  back  by 
*  Qionkey,  which  is  a  machine  very  similar  to  a  pile-engine.  This  stamp  also  renders 
^  face  very  slightly  convex,  that  the  buttons  may  not  stick  together  in  the  gilding 
y'^Pccas.  The  slmnks  are  next  soldered  on.  The  burnishing  is  peribrmed  by  a  piece  of 
°^»i«tites  or  blood-stone,  fixed  into  a  handle,  and  applied  to  the  button  as  it  revolves  by 
^  motion  of  the  lathe. 
.A.  great  number  of  the  buttons,  thus  prepared  for  gilding,  are  put  into  an  earthen  pea, 
the  proper  quantity  of  gold  to  cover  them,*  amalgamated  with  mercury  in  the  fbl- 

.  *  Mt  oTpwUMMat  5  frains  of  gold  an  allotted  for  the  porpoM  of  ffldiaf  144  bnttoM,  thovgb  they  an 
2  ^^nUy  wdl  fiU  by  half  that  qsutity.  Im  this  last  eaio,  tho  thiokaMB  would  ht  about  tha  tl4»aH 
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lowing  manner :  —  The  gold  is  put  into  an  iron  Indk,  ud  a  imall  qoaatity  cf  ■» 

eory  added  to  it ;  the  ladle  is  held  over  the  fire,  till  the  gold  and  meiciiry  are  yv. 
fecdy  united.  This  amalgam  being  put  into  the  pan  with  the  hnttoiii,  Mck 
aqnaifortis,  diluted  with  water,  as  will  wet  them  all  over,  is  thrown  a,  and  they  ait 
stirred  up  with  a  brush,  till  the  acid,  by  its  affinity  to  the  eopper,  eairies  the  amalgM 
to  every  part  of  its  surface,  covering  it  with  the  appearance  of  ^ver.  When  this  ii 
perfected,  the  acid  is  washed  away  with  clean  water.  This  process  by  the  workmai  ii 
called  quicking. 

The  old  process  in  gilding  buttons,  called  the  drying  off,  was  exceedingly  pmuriiw 
to  the  operator,  as  he  inhaled  the  vapor  of  the  mercury,  whieh  is  well  known  to  be 
a  violent  poison.  In  order  to  obviate  this,  the  following  plan  of  appuntia  ksf 
been  employed  with  success.  The  vapor,  as  it  rises  from  the  pan  of  battons  heated 
by  a  charcoal  fire,  is  conducted  into  an  oblong  iron  flue  or  gallery,  gently  sloped  does- 
wards,  having  at  iis  end  a  small  vertical  tube  dipping  into  a  water  dstem,  ibir  eoBdemg 
the  mercury,  and  a  large  vertical  pipe  for  promoting  the  draught  of  the  prodncto  of  the 
oombosUon. 

Plated  buttons  ore  stamped  by  the  fly-press,  out  of  copper-plate,  covered  tm  oae  mk 
with  silver  at  the  flatting-mill.  The  copper  side  is  placed  upwards  in  stamping,  and 
the  die  or  hole  through  which  they  are  stamped  is  rather  chamfered  at  its  edge,  to  make 
the  silver  turn  over  the  edge  of  the  button.  The  backs  are  stamped  in  the  ssM 
manner  as  the  gilt  buttons.  The  shanks  are  soldered  on  with  silver  soMer,  and  heated  one 
by  one  in  the  flame  of  a  lamp,  with  a  blow-pipe  urged  by  bellows.  The  edges  ue  now 
filed  smooth  in  the  lathe,  care  being  taken  not  to  remove  any  of  the  silver  whieh  is  tinh 
ed  over  the  edge.  They  are  next  dipped  in  acid,  to  clean  the  backs,  and  boiled  in  crmi 
of  tartar  and  silver,  to  whiten  them;  aAer  which  they  are  burnished,  the  becks  brisg 
first  brushed  clean  by  a  brush  held  ai^ainst  them  as  they  rovolve  in  the  lathe.  The  nods 
of  burnishing  is  the  same  as  for  gilt  buttons. 

Button  shanks  are  made  by  hand  from  brass  or  iron  wiro,  bent  and  cnt  by  the  ftiBmh 
ing  means : — 

The  wire  is  lapped  spirally  round  a  piece  of  steel  bar.  The  steel  is  turned  round  by 
screwing  it  into  the  end  of  the  spindle  of  a  lathe,  and  the  wire  by  this  means  lapped 
close  round  it  till  it  is  covered.  The  coil  of  wire  thus  formed  is  slipped  off,  and  a  wire 
fork  or  staple  with  parallel  Ices  put  into  it.  It  is  now  laid  upon  an  anvil,  and  by  a 
punch  the  coil  of  wire  is  struck  down  between  the  two  prongs  of  the  fork,  so  as  to  fom 
a  figure  8,  a  little  open  in  the  middle.  The  punch  has  an  edge  which  marks  the  middle 
of  the  8,  and  the  coil  being  cut  open  by  a  jiair  of  shears  along  this  mark,  divides  esch 
turn  of  the  coil  into  two  perfect  button  shanks  or  eyes. 


LEU®  t=  if 


Mr.  Holmes,  of  Birmingham,  obtained  in  May,  1833,  a  patent  for  an  improved  con- 
•traetion  of  buttons.  Fig.  185  represents  the  outside  appearance  of  one  of  hm 
improved  shanks,  as  raised  or  formed  out  of  the  disc  of  metal  which  is  to  constitute  the 
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btekoTthc  Imtton ;  fig.  186  an  edge  view,  looking  through  the  shank  or  loop;  Jig.  187  is 
iBoUieredge  view,  looking  at  the  raised  shank  or  loop  endways;  fig,  188  is  a  sectkm 
Uken  thruush  the  shank  and  disc  in  the  direction  of  the  dotted  line  a  b,  in  fig,  185 ;  and 
.fif.  189  another  section  taken  in  the  direction  of  ihe  dotted  line  c  d,  in  fig,  185.  All  these 
ii^res  of  his  improved  shanks,  as  well  as  those  hereinafter  described,  together  with  the 
tools  Bsed  to  form  the  same,  are  drawn  at  about  half  the  real  size,  to  ^ow  the  parts 
mart  distinctly.  It  will  be  seen  that  the  shanks  or  loops  a  a  are  formed  by  partially 
caitia;  and  raising,  or  forcing  up  a  portion  of  the  metal  disc  or  back  6,  and  are  com* 
preaed  or  forme*!  by  the  action  of  the  tools,  or  punches  and  dies,  so  as  to  have  a  rounded 
i^re  on  the  inside  of  the  top  part  of  the  shank,  as  at  r,  the  edges  of  the  metal  being 
tanei  so  as  to  prevent  them  cutting  the  threads  by  which  the  button  is  fastened  to  the 
cbU  or  gannent.  It  will  be  observed  that,  there  being  but  one  passage  or  way  through 
vkieh  the  thread  can  be  passed  to  sew  on  the  button,  and  that  opening  being  rounded 
00  ill  edges  ^'iU  cause  the  tlireads  to  keep  in  the  centre  of  the  shanks,  the  form  of  the 
thtok  allowing  a  much  neater  attachment  to  the  garment,  and  keeping  the  threadb  from 
the  eJces  of  the  metal.  The  ends  of  the  shank,  or  portions e  c,  which  rise  up  from  the  dise 
«  bock  6,  are  made  nearly  circular,  in  order  to  avoid  presenting  any  edges  of  the  metal 
:o  th?  sides  of  the  button  hole ;  and  when  the  shank  is  sewed  on  the  cloth,  it  forms,  in 
eoija&ction  with  the  threads,  a  round  attachment,  thereby  preventing  the  shank  from 
ctttia;  or  wearing  the  button-hole ;  the  threads,  when  the  shank  is  properly  sewed  to 
tke  (urment,  nearly  filling  up  the  opening  through  the  shank,  and  completing  that  portioB 
of  the  circle  which  has  been  taken  out  of  the  shank  by  the  dies  in  forming  the  crescented 
puu  of  the  loop.  It  will  be  therefore  understood  that  the  intention  is,  that  the  inside 
(4^  of  the  shank  should  be  turned  as  much  as  possible  away  from  the  threads  by  which 
tke  batUm  is  sewed  on  the  cloth,  and  that  the  outside  of  the  shank  should  be  formed  to 
M  Ui  present  rounded  surfaces  to  the  bution-hole,  and  that  the  thread  shouki  fill  up  the 
ppning  through  the  shank,  so  as  to  produce  a  round  attachment  to  the  garment.  It  should 
iKre  be  observed,  that  the  backs  of  the  buttons  shown  in  these  figures  are  of  the  shape 
cneriUly  n<:pd  for  buttons  covered  with  Florentine  or  other  fabric,  or  faced  with  plates  of 
tkia  iDctaU  and  are  intended  to  have  the  edges  of  a  disc,  or  what  is  termed  a  shell,  form- 
ing the  (ace,  lo  be  closed  in  upon  the  inclined  or  bevelled  edges  of  the  backs.  Having 
BOW  de^ciibed  the  peculiar  form  of  the  improved  shanks  which  he  prefers,  for  buttons  to 
covered  with  Florentine  or  other  fabric,  or  shells  of  thin  metal  plate,  he  proceeds  to 
deMfibe  some  of  the  different  variations  from  the  same. 

Fif.  if  a  representation  of  a  shank,  the  cut  through  the  disc  or  back  being  effected 
b)'  a  parallel  rib  on  the  die,  and  corresponding  groove  in  the  shaping  pnneh,  instead  of  the 
temieireoUr  or  crescented  cut  shown  in  fig.  185 ;  fig,  191  is  a  view  of  another  shank,  the  se- 
fariiion  of  the  sides  of  the  loop  being  performed  by  straight  edges  in  both  punch  and  die. 

prefers  fini«hin:;  this  shaped  shank  (that  is,  giving  it  the  rounded  form,  to  prevent  its 
(iitiac  the  threads)  by  detached  punches,  and  dies,  or  pincers,  as  will  be  hereinafter  de- 
MriboL  Fig.  192  is  a  representation  of  one  of  the  improved  shanks,  which  has  merdy 
PwtioM,  / fy  of  the  back  of  the  button  connected  to  its  ends.  This  shank  may  be  used 
^  bittons  which  have  a  metal  shell  to  be  closed  in  upon  the  bevelled  edges  of  the  endsL 
or  tbe  shank  piece  may  be  otherwise  connected  to  the  face  part  of  the  button.  Fig,  193 
i's  representation  of  a  shank  raised  out  of  a  small  disc  of  metal  g  g,  intended  to  be  sol* 
dcnd  lo  the  disc  of  metal  forming  the  button,  or  it  may  be  otherwise  fixed  to  the  beck ; 
M'  194  is  a  representation  of  another  shank  for  the  same  purpose,  having  only  portioni 
«  Mai  A  A,  for  soldering  or  otherwise  attaching  it  to  the  back  of  the  button,  as  by 
Mag  t  ring  or  annular  piece  over  it  forming  the  back,  which  shall  be  confined  to  the 
"ttai  before  described ;  fig,  195  is  a  representation  of  a  shank  raised  upon  a  dish  or  bevel- 
^  pine  of  metal,  and  is  intended  to  be  used  for  buttons  made  from  pearl-shell,  horn, 
P|^P^''«  or  other  substances.  The  back  part  of  the  button  has  a  dovetailed  receit 
^^t^  in  it  to  receive  the  dish-shaped  back,  which  is  pressed  into  the  recess,  the  cdgce 
^  (he  di«h  bf'inff  rxpanded  in  the  dovetailed  parts  of  Uie  recess  by  the  ordinary  mcans^ 
^thereby  firmly  fixing  it  to  the  button,  as  shown  in  fig.  196. 

HiTing  Dfiw  explained  the  peculiar  forms  of  his  improved  shanks,  he  proceeds  to  describe 
^  tools,  or  punches  and  dies,  by  which  he  cuts  the  disc  or  back  from  out  of  a  sheet  of  metal, 
it  the  same  operatwn  produces  and  forms  the  shank  complete.  Fig.  197  is  a  longitn- 
tal  sectkm  taken  through  a  pair  of  dies  and  punches  when  separated ;  fig,  198  is  ■  similar 
*ccfioa,  taken  when  they  are  put  together,  and  in  the  act  of  forming  a  shank  after  cutting 
o«t  the  disc  or  back  of  the  button  fVom  a  sheet  of  metal ;  fig,  199  Is  a  face  view  of  the 
;  and  fig.  200  is  a  simibr  representation  of  the  counter  die,  with  the  tools  complete ; 
*  u  the  pinch  or  cotter,  and  b  the  counter  bed,  by  the  circular  edges  of  which  the  dise 
^iKtal  is  cut  oat  of  the  sheet;  c  is  a  die,  fixed  in  the  cutter  a  (upon  which  the  name 
*f  Ihe  bstton-maker  may  be  engraved).  Fig.  201  is  a  face  view  of  this  die  when  remored 
^•f  the  pnneh  I  d  is  the  counter  die  to  the  die  r.  It  will  be  perceived  that  these  dies 
f^d;  isgether  with  the  punch  and  bed,  compress  the  disc  of  metal  into  the  form  re- 
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qmnd  for  the  back  of  the  button;  thtt  shown  in  the  fibred,  i!i  before  stated,  is  of  tke 
iliape  ured  for  buttons  to  be  covered  with  Florentine  or  thin  plate  mrtal,  in  m  n»iH 
shell  closed  in  upon  the  inclined  or  bevelled  cdffe  of  the  back ;  e  is  the  catting  iid 
shaping  punch  of  the  shank,  which  is  fixed  within  the  counter  die;  this  punch  cots 
throui^h  the  metal  of  the  disc,  and  forms  the  shank  a<(  the  dies  approach  nearer  together, 
by  raising  or  forcina;  it  up  into  the  recess  or  openini?  in  the  die  c,  where  it  is  met  by  ik 
end  of  another  shnpin?  punch  /,  fixed  in  the  punch  a,  which  compresses  the  upper  part 
of  the  shank  into  the  recess  in  the  end  of  the  punch  #,  thereby  t^rin^  the  shank  in 
mundcii  fiinire,and  at  the  same  time  forming^  the  other  part  of  the  shank  into  the  reqaind 
shnpr,  as  described  at  figM,  185  to  189.  The  ends  of  thence  shaping  punches  fit  intoiad 
over  each  other,  as  wiA  he  seen  by  the  detached  figures  of  the  punches  desisned  for  fon- 
in^  the  shank  first  described.  Fit:,  202  is  a  representation  of  the  punches  when  apart  aid 
removed  out  of  the  dies ;  fig,  203  is  a  longitudinal  section  of  the  same ;  fig,  204  b  aoolber 
view  of  the  punches  as  seen  on  the  top.  The  sharp  e^l^e  of  the  recess  A,  in  the  punchc, 
comes  in  contact  with  the  cuttin?  edsres  of  the  projcctin!?  rib  i*  of  the  die  r,  and  thereof 
cuts  through  so  much  of  the  metnl  as  is  required.  The  edge  k  of  this  die  keeps  the  out- 
side ends  of  the  shank  of  a  spherical  figure,  as  before  explained,  while  the  ponchesfbree 
vp  the  metal,  and  form  the  elevated  loop  or  shank :  «  «  are  holes  made  through  the  eom- 
ter  die  d,  for  the  passage  of  clearing  pins,  which  force  out  the  shank  or  back  piece  fnoB 
the  counter  die  when  finished ;  the  operation  of  which  will  be  shown  when  describing  the 
machinery  hereaAer.  There  are  adjusting  screws  at  the  back  of  the  punches  and  dio, 
by  which  they  can  be  regulated  and  brought  to  their  proper  position  one  to  the  other. 

Although  he  has  shown  the  punches  which  form  his  improved  shanks,  fixcKi  into  and 
working  in  conjunction  with  the  punch  and  dies  which  cut  out  and  shape  the  discs  of 
metal  for  the  back  of  the  button,  yet  he  does  not  intend  lo  ciinfine  himself  to  that  mode 
of  using  them,  as  flat  blanks  or  discs  for  the  backs  of  buttons  may  be  cat  out  in  a 
separate  stamping  press,  and  afterwards  shaped  in  the  same  press  or  in  another,  and  thei 
brought  under  the  operation  of  the  punches  which  form  his  improved  shanks,  fixed  in 
any  suitable  press.  This  last  mentioned  mode  of  producing  button  shanks  and  backs 
he  prefers  when  such  metals  are  employed  as  require  annealing  between  the  operatxHU 
of  shaping  the  bocks  and  forming  the  shank.  Fig.  205  is  a  section  taken  through  a 
pair  of  dies,  in  which  the  operation  only  of  forming  the  shank  is  to  be  perfomed,  the 
backs  being  previously  shaped  in  another  press.  In  this  instance  the  punches  e  and  / 
are  mounted  in  guide-pieces  m  and  n,  which  keep  them  in  the  proper  position  towards 
each  other,  the  die  e  bein?  mounted  in  the  piece  n,  and  acting  against  the  face  of  the 
guide  m.  The  blanks  or  backs  of  the  buttons  may  be  fed  into  these  dies  by  hand  or  any 
other  means ;  and  aAer  the  shank  is  formed,  the  finished  back  can  be  pushed  out  of  the 
lower  die  by  clearing  rods  passed  through  the  holes  u  u  and  removed  by  hand,  or  in  any 
convenient  manner. 

When  his  improved  shanks  are  formed  out  of  iron  or  other  metal  which  is  too  brittle  to 
allow  of  the  shank  being  forced  up  and  finished  at  one  operation  in  the  dies  and  punches, 
he  prefers  cutting  out  and  shaping  the  blank  or  back  of  the  button  first,  and  aAer  an- 
nealing it,  to  raise  or  force  up  the  portion  of  metal  to  form  the  shank  into  the  shape 
shown  in  fig.  206,  that  is,  without  the  edges  of  the  mettf  being  turned  to  prevent  their 
cutting  the  threads,  and  aAer  again  annealing  it,  to  bend  or  turn  the  edges  into  the 
shape  shown  in  fig.  191  by  means  of  suitable  punches  in  another  press,  or  by  a  pair  of 
pincers  and  punch  as  shown  in  fig.  207,  which  is  a  side  view  of  a  small  apparatus  to  be 
used  for  turning  the  edges  of  the  shank  by  hand,  with  a  partly  formed  shank  seen  under 
operation,  a,  is  the  upper  jaw  of  a  pair  of  pincers,  this  jaw  being  fixed  on  to  the  head 
of  the  standard  6 ;  the  under  jaw  c,  is  formed  hy  the  end  of  the  lever  or  handle  rf,  whidi 
has  its  fulcrum  in  the  standard  b.  e  is  a  small  punch,  passed  throueh  a  guide  hole  in 
the  head  of  the  standard,  one  end  projecting  into  the  jaws  of  the  pincers,  the  other 
against  a  piece  /,  attached  by  a  joint  to  the  lever  i/,  and  working  through  a  slot  in  the 
head  of  the  standard ;  this  piece  /,  has  an  inclined  plane  on  the  side  next  the  end  of  the 
punch,  which,  in  its  descent,  projects  the  punch  forward  against  the  top  of  the  loop  of 
the  shank,  (placed  at  g,)  as  the  pincers  are  closed  by  forcing  down  the  lever  rf,  and,  in 
conjunction  with  the  jaws  of  the  pincers,  compresses  the  shank  into  the  required  form,  as 
shown  at  A,  and  in  the  enlarged  ySg.  191.  A  spring,  t,  acts  against  a  pin  fixed  into  the 
punch  r.y  for  the  purpose  of  bringing  it  back  as  the  jaws  open  aAer  forming  a  shank. 
Figs.  208  and  209  represent  the  face  and  section  of  the  dies  mentioned  before,  for  enttlBg 
the  slits  in  the  discs,  as  at  fig.  190. 

Having  explained  the  peculiar  forms  of  his  improved  metallic  shanks  for  buttons, 
and  the  tools  employed  in  making  the  same,  he  proceeds  to  describe  the  machinery  or 
apparatus  by  which  he  intends  to  carry  his  invention  into  eficct.  He  proposes  to  take 
a  sheet  of  metal,  say  about  30  or  40  feet  loni?,  and  of  the  proper  width  and  thickness; 
which  thin  sheet  is  to  be  wound  upon  a  roller,  and  placed  above  the  machine,  so  that  it 
can  be  easily  drawn  down  into  the  machine  as  required  for  feeding  the  punches  and 
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Ihii  Fig.  SIO  it  a  plan  riew  of  a  machine^  intended  to  work  any  convenient  nnmber 
of  MttoT  pnocbet  and  dies  plaeed  in  rows.  Eleven  sets  of  punches  and  dies  are  re- 
presented, each  set  being 
constructed  as  described 
under  ftgs.  197  to  204; 
fig.  211  is  a  side  view, 
and  ftg.  212  a  loniritndi- 
nal  section,  taken  through 
the  machine;  figi,  213 
and  214  are  transverse 
sections  taken  through 
the  machine  between  the 
punches  and  counter  dies, 
fig,  213  representing  its 
appearance  at  the  ikee 
of  the  punches,  and  fif^, 
214  the  opposite  view 
of  the  counter  dies.  «  « 
are  the  punches;  6  6 
the  counter  dies;  eadi 
being  mounted  in  rows 
in  the  steel  plates  e 
fixed  upon  two  strong 
bars  d  and  e,  by  conn- 
teriunk  screws  and  nnts, 
the  punches  and  dies  be- 
ing retained  in  their 
proper  positwn  bf  the 
plates,  which  are  screwed 
on  to  the  fVont  of  the 
steel  plates,  and  preM 
against  the  collars  of  the 
punches  and  dies.  The 
bars  d  and  e  are  both 
mounted  on  the  guide- 
pins  g  g,  fixed  in  the 
heads  A  A  of  the  ftmme, 
which  guide  pins  pass 
through  the  bosses  OA 
the  ends  of  the  ban. 
The  bar  <i  is  stationary 
upon  the  guide  pins,  be> 
ing  fixed  to  the  heads 
h  k,  by  nuts  and  screwi 
passed  through  ears  cast 
on  their  bosses.  The  bar 
«  slides  freely  ipon  the 
guide  pins  g  g,  as  it  it 
and  forwards  by  the  crank  1 1,  and  connecting-rods  jjy  as  the  eraak 
ittolvcs.  The  sheet  of  thin  iron  to  be  operated  upon  is  placed,  as  before  stated,  abof« 
^■mIUm  I  its  end  being  brought  down  as  at  a  a,  and  passed  between  the  guide  ni 


^  ^  ^  betww  the  pair  ef  feeding-roOers  1 2,  which,  by  revehiif, 

a  ftpther  portkMi  of  the  sheet  of  metal  betwera  the  panehes  and  dies^  amir 
MipmioB  of  the  pwches. 
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At  the  counter  dies  advance  towards  the  punches,  they  first  come  ia  contact  with  the 
•heet  of  metal  to  be  operated  upon ;  and  aAer  having  produced  the  pressure  which  citP 
oat  the  discs,  the  perforations  of  the  sheet  are  pushed  on  to  the  ends  of  the  punches  bytke 
ooonter  dies ;  and  in  order  that  the  sheet  may  be  allowed  to  advance,  the  carriage  iriiieb 
■apports  the  axles  of  the  feeding  rollers,  wiUi  the  imidc  nxl  and  clearing-plate,  are  nade 
to  slide  by  means  of  the  pin  m,  which  works  in  a  slot  in  the  sliding-piece  n,  beariDcthe 
mxis  of  the  feeding-roller  /  /,  the  slide  n  being  kept  in  its  place  on  the  framewon  bf 
doveUiled  euides  shown  in^ig.  214. 

When  the  counter  dies  have  advanced  near  to  the  sheet  of  metal,  the  pin  m  cooes 
in  contact  with  that  end  of  the  slot  in  the  piece  n  which  is  next  to  the  puaclies,  aid 
forces  the  carriage  with  fccd-rollers  and  clearing-plate,  and  also  the  sheet  of  mettli  ea- 
wards,  as  the  dies  are  advanced  by  the  reoction  of  the  cranks ;  and  aAer  they  have  cot 
out  the  discs,  and  raised  the  shank.«,  the  sheet  of  metal  will  remain  upon  the  poncfaei; 
and  when  the  bar  e  returns,  the  finished  backs  and  shanks  are  forced  out  of  the  coin- 
ler  dies,  by  the  clearing-pins  and  rods  o  o,  which  pntject  through  the  bar  e,  and  thnwjdi 
the  holes  before  mentioned  in  the  counter  dies;  these  clearing-pins  being  Btatkmarj  be- 
tween the  bars  p  Py  mounted  upon  the  standard  q  on  the  cross  bar  of  the  frame,  at 
shown  in yig«.  210,  212,  213.  Immediately  after  this  is  done,  the  pins  m  come  in  contact 
with  the  other  ends  of  the  slots  in  the  pieces  n,  and  draw  back  the  feeding-rollers  /  to- 
gether with  the  clearing-plate  /r,  and  the  sheet  of  metal,  away  from  the  punches  into  the 
position  represented  in  the  figures. 

At  this  time  the  feeding  of  the  metal  into  the  machine  is  effected  by  a  cmnk-pin,  r,  oa 
the  end  of  the  crank-shaiAs  coming  in  contact  with  the  bent  end  of  the  sliding-bw  i, 
•npported  in  standards  /  / ;  and  as  the  crank-shnft  revolves,  this  pin  r  forces  the  bar  t 
forward,  and  causes  the  tooth  or  pall  tt,  on  its  reverse  end,  to  drive  the  racket-wheel  r, 
one  or  more  teeth ;  and  as  the  racket -wheel  r  is  fixed  on  to  the  end  of  the  axle  of  one 
of  the  rollers  /,  it  will  cause  that  roller  to  revolve ;  and  by  means  of  the  pair  of  spur- 
pinions  on  the  other  ends  of  the  axles  of  the  feeding-rollers,  they  will  both  rerolre 
simultaneously,  and  thereby  draw  down  the  sheet  of  metal  into  the  machine.  It  wiO 
be  perceived  that  the  standards  which  supi)ort  the  clearing-plate  and  gnide-bar  are  car- 
ried by  the  axles  of  the  feeding-rollers,  and  partake  of  their  sliding  motion :  also  that 
the  clearing-pins  o,  are  made  aidjustable  between  the  bars  p,  to  correspond  with  the 
counter  dies.  There  is  an  adjustable  sliding  stop  x  upon  the  bar  «,  which  comes  in 
contact  with  the  back  standanl  /,  and  prevents  the  bar  s  sliding  back  too  far,  and  con- 
sequently regulates  the  quantity  of  sheet  mf>tal  to  be  fed  into  the  machine  by  the  pall 
and  ratchet-wheel,  in  order  to  suit  ditrerent  sizes  of  punches  and  dies.  In  case  the 
weight  of  the  bar  c,  carrying  the  counter  dies,  should  wear  upon  its  bearings,  the  gmde 
pins  g  g,  have  small  friction-rollers  y  y,  shown  under  the  bosses  of  this  bar,  which  frieCioD- 
rollers  run  upon  adjustable  beds  or  planes  z  z,  by  which  means  the  guMe  pins  may 
be  partially  relieved  from  the  weight  of  the  bar  c,  and  the  friction  consequently 
diminished. 

C. 

CABLE.    {Cable,  Ft.  ;  Jnkertait,  Germ.)    A  strong  rope  or  chain,  connecting  the 
'  ship  with  the  anchor  for  the  purpose  of  moorins  it  to  the  ground.   The  $hett  amdurr 
cable  is  the  strongest,  and  is  used  at  sea;  the  utream  cable  is  more  slender,  being 
■used  chiefly  in  rivers.   A  cable's  length  is  120  fathoms.    The  greatest  improrement 
'in  mooring  vessels  has  been  the  introduction  of  the  chain  cable,  which,  when  doly 
let  out,  affords  in  the  weight  of  its  long  catenary  curve,  an  elastic  tension  and  play 
to  the  ship  under  the  pressure  of  wind.     The  dead  strain  upon  the  anchor  is 
thus  greatly  reduced,  and  the  sudden  pull  by  which  the  flukes  or  arms  are  roidily 
snapped  is  in  a  grrmt  measure  obviated.    The  best  iron  cables  are  chains  made 
of  links,  bound  and  braced  by  rods  across  their  middle.    Experience  has  taught  that 
the  ends  of  these  links  wear  out  much  sooner  than  the  sides.   To  remedy  this  evil,  Mr. 
Hawkes,  iron  manufacturer,  obtained  a  patent  in  July,  1828,  for  constructing  these  ' 
anchor  chains  with  links  considerably  stouter  at  the  ends  than  in  the  middle.    With  - 
this  view,  he  forms  the  short  rods  of  iron,  of  which  the  links  are  to  be  made,  with  sweDs  * 
or  protuberances  about  one  third  of  their  length  from  each  of  their  ends,  so  that  when  J 
these  are  welded  together,  the  slenderer  parts  are  at  the  sides,  and  the  thicker  at  the  ends  ^ 
of  the  elliptic  links.    Such  rods  ns  the  above  are  formed  at  once  by  rolling,  swngging,  or  ' 
any  other  means.   'When  the  link  is  welded,  it  may  be  strengthened,  by  a  Inice  or  " 
stretcher  fixed  across  the  middle. 

The  first  avowed  proposal  to  substitute  iron  cables  for  cordage  in  the  sea  service,  was  < 
made  by  Mr.  Slater,  suigeon  of  the  navy,  who  obtained  a  patent  for  the  plan  in  iSOfi.  * 
though  he  does  not  seem  to  have  had  the  means  of  carry  ing  it  into  effect ;  a  Tery  geiwn]  ^ 
misfortune  with  ingenious  projectors.    It  was  Captain  Brown  of  the  West  Inir  * 
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BRrdABt  serrice  wlio,  in  1811,  first  employed  chain  cables  in  the  vessel  Penelope,  of 
400  ton  bordeD,  of  which  he  was  captain.  He  made  a  voyage  in  this  ship  from  England 
10  MartiDiqne  and  Guadaloupe  and  home  again,  in  the  coarse  of  foar  months,  having 
ndiored  many  times  in  every  variety  of  ground  without  any  accident.  He  multipUed 
Ui  Iritis,  and  acquired  certain  proofs  that  iron  might  be  substituted  for  hemp  in  making 
CiUes,  not  only  for  mooring  vessels,  but  for  the  standing  rigging.  Since  this  period 
ckiii  eaUes  have  been  universally  introduced  into  all  the  ships  of  the  royal  navy,  but 
Ike  twisted  links  employed  at  first  by  Brown  have  been  replaced  by  straight  ones,  stayed 
iitbe  Diddle  with  a  cross  rod,  the  contrivance  of  Mr.  Brunton,  which  was  secured  by 
ptfeit  in  this  country  and  in  France ;  but  the  latter  patent  was  sufiered  to  fall  from  not 
beu^  acted  upon  within  the  two  years  specified  by  law. 

lie  first  thing  to  be  considered  in  the  manufacture  of  iron  cables  is,  to  procure  a  ma- 
toid  of  the  beat  quality,  and,  in  using  it.  always  to  keep  in  view  the  direction  of  the 
Ma,  in  <inler  to  oppose  the  maximum  strength  of  the  iron  to  it.  The  best  form  of  the 
firia  may  be  deduced  from  the  following  investication. 

Let  A  B,yig.  215,  Iw  a  circular  link  or  ring,  of  one  inch  rod  iron,  the 
outer  circumference  of  the  ring  being  15  inches,  and  the  inner  9. 
If  equal  opposite  forces  be  applied  to  the  two  points  of  the  link 
D,  pulling  c  towards  e,  and  D  tovrards  f,  the  result  will  be,  when 
the  forces  are  sufllciently  intense,  that  the  circular  form  of  the  link 
will  be  changed  into  another  form  with  two  round  ends  and  two 
parallel  sides,  as  seen  in  fig,  216.  The  ratio  of  the  exterior  to  the 
interior  periphery,  which  was  originally  as  15  to  9,  or  5  to  3,  is  no 
I^T^  longer  the  same  in  fig.  216.  Hence  there  will  be  a  derangement  in 
the  relative  position  of  the  coini>oncnt  particJes,  and  consequently 
their  cohesion  will  be  progressively  impaired,  and  eventually  de- 
stroyed.  In  fig.  215,  the  segment  m  n  of  the  outside  periphery  being 


(J 


efnl  to  3  inches,  the  coi  responding  inside  segment  will  be  ^  of  it,  or  1  j  inches.  If 
portiim  of  the  link,  in  conf^equence  of  the  stretching  force,  comes  to  be  extended 
iHD  a  straight  line,  as  shown  in  fig.  216,  the  corresiwnding  s^ments,  interior  and 
BOerior,  most  both  be  reduced  to  an  efiual  length.  The  matter  contained  in  the  3 
mhn  of  the  outside  periphery  must  therefore  be  either  compressed,  that  is,  condensed 
Mo  1^  inches  or  the  inside  periphery,  which  is  only  1^  inches  already,  must  be  extended  to 
liMhci;  that  is  to  say,  the  exterior  condensation  and  the  interior  expansion  must  take 
phce  in  a  reciprocal  proportion.  But,  in  every  case,  it  is  impossible  to  eflcct  this  con- 
tnetioB  of  one  side  of  the  rod,  and  extension  of  the  other,  without  disrupture  of  the  link. 

Lk  oa  imasnne  the  outside  periphery  divided  into  an  infinity  of  points,  upon  each  of 
MA  eqaal  opposite  forces  act  to  straighten  the  cur^'nture :  they  must  undoubtedly  Ocea- 
nia the  rupture  of  the  corresponding  part  of  the  internal  periphery.  This  is  not  the 
nle  injury  which  must  result;  others  will  occur,  as  we  shall  perceive  in  considerine  what 
ptff«*«  in  the  portion  of  the  link  which  surrounds  c  "r^.fig.  216,  whose  length  is  4^  inches 
sataide,  and  2^-  inside.  The  segments  m  p  and  n  o,  fig.  21.%  are  actually  reduced  to 
Mni-cirmmferenees,  which  are  inside  no  more  than  half  an  inch,  and  outside  as  before. 
IWre  h  Ihos  contraction  in  the  interior,  with  a  quicker  eun'ature  or  one  of  shorter 
niiBi  in  the  exterior.  The  deransrement  of  the  particles  takes  place  here,  in  an  order 
wmt  to  that  of  the  precedini?  cnse,  but  it  no  less  tends  to  diminish  the  strength  of  that 
pnkm  of  the  link;  whence  we  may  certainly  conclude  that  the  circular  form  of  cable 
liiks  is  an  extremely  faulty  one. 

Xminc  matters  as  we  have  supposed  in  fig.  215,  but  suppose  that  o  is  a  rod  introdneed 
'  I  the  maily  hindering  its  two  opposite  points  a  b  from  approximating.   This  circum- 
stance makes  a  remarkable  change  in  the  results.   The  link  palled  as 
above  described,  must  assume  the  quadrilateral  form  shown  in  fig.  217. 
i  It  offers  more  resistance  to  deformation  than  before ;  but  as  it  may  ttHl 
I  suffer  change  of  shape,  it  will  lose  strength  in  so  doins,  and  cannot 
therefore  be  recommended  for  the  construction  of  cables  which  are  to  be 
exposed  to  very  severe  strains, 
fcppoaiag  still  the  link  to  be  circular,  if  the  ends  of  the  stay  comprehended  a  larger 
Moa  of  the  internal  periphery,  so  as  to  leave  merely  the  space  necessary  for  the  pkun 
<f  Ac  next  fink,  there  can  be  no  doubt  of  its  opposing  more  effectively  the  change  of 
and  thus  rendering  the  chain  stronger.   But,  nntwithstondini^,  the  circular  portions 
vkieh  reaaia  between  the  points  of  application  of  the  strain  and  the  stay,  would  tend 
to  be  straightened,  and  of  consequence  to  be  destroyed.   Besides,  though  we 
^^eonstmct  circular  links  of  sufficient  strength  to  bear  all  strains,  we  oucht  still  to 
>4m  tkmii  beeame  they  would  consume  more  materials  than  links  of  a  more  suitable 
^«  we  sImB  prawntly  see. 
Ikvitet  of  tmo  oppMite  forees  applied  to  the  links  of  a  chain,  is,  as  we  have  9emk, 
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to  redaee  to  a  straight  line  or  a  straight  plane  erery  curved  part  which  is  not  stayed; 
whence  it  is  obvious  that  twisted  links,  such  as  Brown  first  employed,  even  with  a  stay 
in  their  middle,  most  of  necessity  be  straightened  out,  be^nse  there  is  no  resistance  in 
the  direction  opposed  to  the  twist.  A  cable  formed  of  twbted  links,  for  a  vessel  of  400 
tons,  stretches  30  feet,  when  put  to  the  trial  strain,  and  draws  backs  only  10  feet.  This 
elongation  of  20  feet  proceeds  evidently  from  the  straightening  of  the  twist  in  each  link, 
whidi  can  take  place  only  by  impairing  the  strength  of  the  cable. 

From  the  preceding  remarks,  it  appears  that  the  strongest  links  are  such  as  present,  in 
their  original  form,  straight  portions  between  the  points  of  tension ;  whence  it  is  clear 
that  links  with  parallel  sides  and  round  ends  would  be  preferable  to  all  others,  did  not 
a  good  cable  require  to  be  able  to  resist  a  lateral  force,  as  well  as  one  in  the  direction  of 
its  length. 

Let  us  suppose  that  by  some  accident  the  link  fig,  216  should  have  its  two  extremities 
21 9  P^ed  towards  t  and  z,  whilst  an  obstacle  x,  placed  right  opposite  to 

its  middle,  resisted  the  effort.   The  side  of  the  link  which  touches  z 
.  would  be  bent  inwards ;  but  if,  as  in  fig.  218,  there  is  a  stay  a  o  b,  the 
I  two  sides  would  be  bent  at  the  same  time ;  the  link  would  notwith- 
standing assume  a  faulty  shape. 
In  thus  rejecting  all  the  vicious  forms,  we  are  naturaUy  directed  to  that  which  deserves 
the  preference.   It  is  shown  in  fig,  219.   This  link  has  a  cast-iron  stay  with  large  ends; 

B^^,^^-^-^    it  presents  in  all  directions  a  great  resistance  to  every 
/'^^^^<ry^>^  change  of  form ;  for  let  it  be  pulled  in  the  direction  a  i, 
(^(^         ®/]  c^nst  an  obstacle  c,  it  is  evident  that  the  portions  d  < 
v^^^^^^-^^X  and  d /,  which  are  supported  by  the  parts  g  e  and  g /,  can- 
gjjO  — ^^^0      get  deformad  or  be  broken  without  the  whole  link  giving 
^  way.    As  the  matter  comimiiag  g  «  and  g  /  cannot  be 

shortened,  or  that  which  composes  d  e  and  d/be  lengthened,  these  four  sides  will  remam 
necessarily  in  their  relative  positions,  by  virtue  of  the  large-ended  stay  A,  whose  profile 
is  shown  in  fig,  220. 

We  have  examined  the  strength  of  a  link  in  every  di- 
rection,  except  that  perpendicular  to  its  plane.   Fig.  221 
represents  the  assemblage  of  three  links  in  the  above 
I  ^  predicament ;  but  we  ought  to  observe  that  the  obstacle  c, 
placed  between  the  links  a  b,  must  be  necessarily  very 
small,  and  could  not,  therefore,  resist  the  pressure  or  im- 
pact of  the  two  lateral  links. 
Process  of  manvfacturing  iron  cables, — The  implements  and  operations  are  arranged 
in  the  following  order  : — 

1.  A  reverberatory  furnace  (see  Iron),  in  which  a  number  of  rods  or  round  bars  of 
the  best  possible  wrought-iron,  and  of  proper  dimensions,  are  heated  to  bright  ignition. 

2.  The  cutting:  by  a  machine  of  these  bars,  in  equal  len^hs,  but  with  opposite  bevels, 
to  allow  of  the  requisite  crossing  and  splicing  of  the  ends  in  the  act  of  welding. 

3.  The  bending  of  each  of  these  pieces  hy  a  machine,  so  as  to  form  the  links ;  the 
last  two  operations  are  done  rapidly  while  the  iron  is  red-hot. 

4.  The  welding  of  the  links  at  small  forge  fires,  fitted  with  tools  for  this  express 
purpose,  and  the  immediate  introduction  of  the  stay,  by  means  of  a  compound  lever 
press. 

6.  Proving  the  strength  of  the  cables  by  an  hydraulic  press,  worked  by  two  men  turn- 
ing a  winch  furnished  with  a  fly-wheel. 

The  furnace  is  like  those  used  in  the  sheet-iron  works,  but  somewhat  larger,  and  needs 
no  particular  description  here. 

Fig9,  222  and  223  are  a  plan  and  elevation  of  the  shears  with  which  the  rods  are  cut 


into  equal  pieces,  for  forming  each  a  link.  It  is  moved  at  Mr.  Brunton's  factory  by  a 
small  steam  engine,  but,  for  the  sake  of  simplicity,  it  is  here  represented  worked  by  foui 
or  more  laborers,  as  it  may  be  in  any  establishment.   These  must  be  relieved,  however. 
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ficqnenfly  by  others,  for  I  belieye  eaeh  shears'  machine  is  calculated  to  require  netrlj 
one  horse  in  steam  power.  It  is  portable,  and  must  be  placed  in  the  neighborhood  of 
both  the  fomace  and  bending  machine. 

A  and  b  are  the  two  cast-iron  limbs  of  the  shears.  The  first  is  fixed,  and  the  teeond 
is  moveable  by  means  of  a  crank  shaft  c,  driven  by  a  heavy  fiy-wheel  weighing  7  or  8  ewt. 


The  cutting  jaws  o  are  mounted  with  pieces  of  steel  which  are  made  fast  by  bolts,  and 
nay  be  changed  at  pleasare. 

B,  the  bar  of  iron  to  be  cut.  It  is  subjected,  immediately  upon  being  taken  out  of  the 
Ire,  to  the  shears,  under  a  determinate  uniform  angle,  care  being  taken  not  to  let  it 
turn  round  upon  its  axis,  kst  the  planes  of  the  successive  incisions  should  become  un- 
equal. 

r  is  a  stop  which  serves  to  determine,  for  the  same  kind  of  chain,  the  equality  of  length 
in  the  link  pieces. 

Figt.  224,  225,. 226,  plan  and  elevations  of  the  machine  for  bending  the  links  into  aa 
elliptic  form.   It  is  represented  at  the  moment  when  a  link  is  getting  bent  upon  it. 


Ais  an  elliptic  mandrel  of  cast-iron;  it  is  fired  upon  the  top  of  a  wooden  piDar  b, 
^«dly  supported  m  the  ground,  c  is  the  jaw  of  the  vice,  pressed  by  a  square-headed 
^^w  against  the  mandrel  a. 


•^w  against  the  mandrel  a. 

part  of  the  mandrel  comprehended  between  x  and  t,  formed  as  an  inclined  plane,  lo 
^xo  preserve  nn  mterval  equal  to  the  diameter  of  the  rod  between  the  two  surfaces  tiiat 
^  to  be  welded  together. 

3t  rectangular  slots  (shears)  passing  through  the  centre  of  the  nut  df  the  mandreL  In 
'^h  each  of  the  pms  r  may  be  freely  slidden. 

^^horixontal  lever  of  wrought-iron  six  feet  long.   It  carries  at  h  a  pulley  or  friction- 
01  steel,  whose  position  may  be  altered  according  to  the  diameter  of  the  links.  It 
WitmB  that  as  many  mandrels  are  required  as  there  are  sizes  and  shapes  of 
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The  piece  of  iron  intended  to  form  m  link  being  cnt,  is  euried,  wiiile  red-liot,  to  tht 
bending  machine,  where  it  is  seized  with  the  jaw  of  the  vice  by  one  of  iu  ends,  the 
slant  of  the  cut  being  turned  upwards ;  this  piece  of  iron  has  now  the  horiiontal  direction 
fli  « ;  on  poshing  the  lever  o  in  the  line  of  the  arrow,  the  roller  h  will  force  m  «  to  be 
applied  snccessiTcly  in  the  elliptic  groove  of  the  mandrel ;  thns  finally  the  two  faces  tbat 
■re  to  be  welded  together  will  be  placed  right  opposite  each  other. 

The  length  of  the  small  diameter  of  the  ellipse  ought  to  exceed  by  n  little  the  leagth 
of  the  stay-piece,  to  allow  of  this  being  readily  introduced.  The  difference  between  the 
points  r  E,  is  equal  to  the  difference  of  the  radii  vtetana  of  the  ellipse.  Henee  it  will  be 
flways  easy  to  find  the  cecentricity  of  the  elKpee. 

Fig.  227  is  a  lerw  press  for  squeezing  the  links  npon  their  stays,  nfler  the  links  are 
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welded.  This  machine  consists  of  a  strong  cast4ron  piece  A,  in  the  fbim  of «  wqaan,  il 
which  one  of  the  branches  is  laid  horizontally,  and  fixed  to  a  solid  bed  by  Bwew  sf 
bolts ;  the  other  branch,  composed  of  two  cheeks,  leaving  between  them  a  space  of  tW9 
inches,  stands  npright.  These  two  cheeks  are  united  at  top,  and  on  the  bask  of  their 
plane  by  a  cross  piece  b.  c,  a  rectangular  staple,  placed  .to  the  right  and  left  of  the  cbwks 
through  which  is  passed  the  mandrel  d,  which  represents  and  keeps  the  place  of  the  Al- 
lowing link.  X,  is  a  press  lever,  6  feet  lonir.  f,  clamp  and  counterelamp,  between  wUch 
the  link  is  pressed  at  the  moment  when  the  stay  is  properly  placed.  There  are  other 
damps,  as  well  as  staples  c,  for  changing  with  each  changed  dimension  of  links. 

The  links  bent,  as  we  have  seen,  are  carried  to  the  forge  hearth  to  be  welded,  and  te  re- 
ceive their  stay ;  two  operations  performed  at  one  heating.  Whenever  the  welding  is 
finished,  while  the  iron  is  still  red-hot,  the  link  is  placed  upright  between  the  daiips 
F ;  then  a  workman  introduces  into  the  staple  the  mandrel  d,  and  now  ap]^ies  the  stay 
with  a  pair  of  tongs  or  pincers,  while  another  workman  strikes  down  the  lever  b  Ibrably 
upon  it.  This  mechanical  compression  first  of  all  joins  perfectly  the  sides  of  the  link 
against  the  concave  ends  of  the  stay,  and  aiUrwards  the  retraction  of  the  iron  on  cooling 
increases  still  more  this  compression. 

If  each  link  be  made  with  the  same  care,  the  cable  roust  be  sonnd  thronghoiit.  h 
is  not  delivered  for  use,  however,  till  it  be  proved  by  the  hydraulic  press,  at  a  diraw-beach 
made  on  purpose.  The  press  is  a  horizontal  one,  having  the  axis  of  its  nun  in  the 
middle  line  of  the  draw-bench,  which  is  about  60  feet  long,  and  is  secured  te  the  body  of 
the  press  by  strong  bolts. 

The  portion  of  chain  under  trial,  being  attached  at  the  one  end  to  the  end  of  the  ram 
of  the  press,  and  at  the  other  to  a  cross-bar  at  the  extremity  of  the  draw-bench,  two 
men  put  the  press  in  action,  by  turning  the  winch,  which  works  by  a  triple  crank  three 
forcing  pumps  alternately ;  the  action  being  equalized  by  means  of  a  heavy  fly-wheeL 
As  long  as  the  resistance  does  not  exceed  the  force  of  two  men,  the  whole  three  pnmps 
arc  kept  in  play.  After  a  while  one  pump  is  thrown  out  of  gear  and  next  another, 
only  one  being  worked  towards  the  conclusion.  The  velocity  of  the  ram  being  retniM 
first  one  third  and  next  two  thirds,  gives  the  men  a  proportional  increase  of  medianienl 
power. 

The  strength  of  two  average  men  thus  applied  being  computed,  enables  ns  to  knvw  st 
every  instant  the  resistance  opposed  by  the  chain  to  the  pressnre  of  the  mm.  The  stnia 
usually  applied  to  the  stronger  cables  is  about  500  tons. 

The  side  beams  of  the  draw-bench  are  of  cast-iron,  6  inches  in  diameter ;  the  di^- 
ferent  pieces  composing  it  are  adjusted  to  each  other  endwise  by  turned  joints.  Fiups 
also  of  cast-iron  support  the  beams  two  feet  asunder,  and  at  the  height  of  30  iaebes 
above  the  ground.  Ilie  space  between  them  is  filled  with  an  oak  plank  oft  which  the 
trial  chain  is  laid. 
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Strength  of  iron  cables  compared  to  hemp  caUes 


Iron  Cables. 
DiuMtor  of  Iron  Rod. 

Hemp  Cablet. 
Cirenmfiirenoe  of  Rope. 

Resiftanoe* 

Imehts, 

Jncku, 

Teiu. 

Oi 

9 

12 

10 

18 

11 

26 

I 

12 

«2 

13 

8|  "-^ 

14  to  15 

38 

16 

44 

17 

62 

11 

18 

60 

n 

20 

70  * 

2 

22  to  24 

80 

It  would  be  imprudent  to  pat  hemp  cables  to  severer  strains  than  those  indicated  la 
the  preceding  table>  drawn  up  from  Brunton's  experiments ;  but  the  iron  cables  of  the 
above  sizes  will  support  a  double  strain  without  breaking.  They  ooght  never  in  com- 
mon cases,  however,  to  be  exposed  to  a  greater  stress.  A  cable  destmed  for  ships  of  a 
certain  tonnage,  should  not  be  employed  in  those  of  greater  burden.  Thus  treated  it 
may  be  always  trusted  to  do  its  daty,  and  will  last  longer  thaji  the  ship  to  which  it  be- 
longs. A  considerate  part  of  this  decided  superiority  which  iron  cables  have  over  hemp 
ones,  is  undoubtedly  doe  to  the  admirable  form  contrived  by  Brunton.  Repeated 
experiments  have  proved  that  his  cables  possess  double  the  strength  of  the  iron  rods 
with  which  they  are  made — a  fact  which  demonstrates  that  no  stronger  form  can  be 
devised  or  is  in  fact  possible. 

One  of  the  most  valuable  qualities  of  iron  cables  is  their  resisting  lateral  as  weU  as 
Vmgitiidinal  strains,  as  explained  under  y!g«.  219  and  221. 

Yctsels  famished  with  such  cables  have  been  saved  by  them  from  the  most  hnmilieBt 
periL  The  Henry,  sent  out  with  army  stores  during  the  peninsular  war,  was  caught 
on  the  northern  coast  at  Spain  in  a  furious  storm.  She  run  for  shelter  into  the  Bay  of 
Biscay  among  the  rocks,  where  she  was  exposed  for  three  days  to  the  hurricane.  She 
possessed  fortunately  one  of  Brunton's  70  fathom  chain  cables,  which  held  good  all  the 
time,  bat  it  was  found  aAerwards  to  have  had  the  links  of  its  lower  portion  polished 
bright  by  attrition  against  the  rocky  bottom.  A  hemp  cable  would  have  been  speedily 
torn  to  pieces  in  such  a  predicament. 

In  the  contracts  of  the  Admiralty  for  chain  cables  for  the  British  navy,  it  is  stipulated 
that  "  the  iron  shall  have  been  manufactared  in  the  best  manner  from  pig  iron,  smelted 
from  iron-etone  only,  and  selected  of  the  bebt  quality  for  the  purpose,  and  shall  not  have 
received,  in  any  process  whatever  subsequent  to  the  smelting,  the  admixture  of  either  the 
cinder  or  oxydes  produced  in  the  manufacture  of  iron  ;  and  shall  also  have  been  puddled 
in  the  best  manner  upon  iron  bottoms,  and  at  least  three  times  sufficiently  drawn  out  at 
three  distinct  welding  heats,  and  at  least  twice  properly  fagoted.'' 

The  following  is  a  table  of  the  breaking  proof  of  chain  cables,  and  of  tke  iron  for  the 
impose  of  making  them,  also  of  the  proofs  required  by  her  majesty's  navy  for  chains. 


8uw  of  Bolt. 

Proof  of  Bolt. 

Proof  of  Chain. 

Nery  Proof  of  Chmin. 

Imehet. 

Tons, 

Cwt. 

Tons. 

Cicr. 

Tons. 

5 

7 

8 

11 

4| 

1 

8 

7 

13 

4 

6* 

12 

1 

19 

5 

lOi 

i 

16 

4 

26 

5 

131 

I 

21 

8 

34 

5 

18 

u 

27 

2 

48 

15 

22| 

33 

10 

53 

11 

28| 

it 

40 

10 

65 

0 

34 

48 

4 

77 

0 

40i 

56 

11 

90 

10 

47i 

If 

65 

12 

105 

0 

55l 

a 

75 

6 

120 

10 

63t 

2 

85 

14 

137 

0 

72 

96 

15 

155 

0 

8li 

In  Bnmton's  cable  the  matter  in  the  link  is  thrown  very  much  into  one  plane ;  the 
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link  being  of  an  oval  fonn,  and  provided  with  a  stay.  As  there  are  emeifgencics  in  wloA 
the  caUe  must  be  severed,  this  is  accomplished  in  those  of  iron  bj  means  of  a  bolt  and 
sheckle  (shackle),  at  every  fathom  or  two  fathoms ;  so  that  by  striking  ont  this  bolt  or 
pin,  this  cable  is  parted  with  more  ease  than  a  hempen  one  can  be  cat 
CACAO,  BUTTER  OF.   See  Cocoa,  and  Oils,  Unctuous. 

CADMIUM  is  a  metal  discovered  abont  the  beginning  of  the  year  1818.  It  ocean 
chiefly  in  Silesia  in  several  ores  of  zinc ;  and  may  be  readily  recognised  by  means  U 
the  blowpipe ;  for  at  the  first  impression  of  the  reducing  or  smoky  part  of  the  flame,  the 
ores  containing  cadmium  stain  the  charcoal  all  round  them  with  a  reddish  yellow  circit 
of  ozyde  of  cadmium.  The  Silesian  native  oxyde  of  zinc  contains  from  1|  to  11  pa 
cent,  of  cadmium. 

The  cadmium  may  be  extracted  by  dissolving  the  ore  in  sulphuric  acid,  leaving 
the  solution  acidulous,  and  diluting  it  with  water,  then  transmitting  through  it  t 
stream  of  sulphureted  hydrogen,  till  the  yellow  precipitate  ceases  to  fall.  This 
powder,  which  is  sulphuret  of  cadmium,  is  to  be  dissolved  in  concentrated  mori- 
atic  acid,  the  excess  of  which  is  to  be  expelled  by  evaporation ;  and  the  mnnatio 
salt  being  dissolved  in  water,  carbonate  of  ammonia  is  to  be  added  in  excess,  wherehj 
the  cadmium  separates  as  a  carbonate,  while  the  small  portion  of  adhering  copper 
or  zinc  is  retained  in  solution  by  the  ammonia.  Herapath  has  shown,  that  in  distilliag 
zinc  per  dacentum  (see  Zinc),  the  first  portions  of  gaseous  metal  which  are  disengiged 
burn  with  a  brown  flame  and  deposite  the  brown  oxyde  of  cadmium. 

Cadmium  has  the  color  and  lustre  of  tin,  and  is  susceptible  of  a  fine  polish.  Its 
ihicture  is  fibrous ;  it  cr}*stallizes  readily  in  regular  octahedrons,  and  when  it  snddenly 
solidifies,  its  surface  gets  covered  with  fine  mossy  vegetations.  It  is  soft,  easily  bea^ 
filed,  and  cut,  soils  like  lead  any  surface  rubbed  with  it.  It  is  harder  and  more  tena- 
cious than  tin,  and  emits  a  creaking  sound  when  bent,  like  that  metal.  It  is  very  dnctile, 
and  may  be  drawn  out  into  fine  wire,  and  hammered  into  thin  leaves  without 
cracking  at  the  edges.  Its  specific  gravity,  after  being  merely  melted,  is  8-604 ;  and 
8-6944  after  it  has  been  hammered.  It  is  T&ry  fusible,  melting  at  a  heat  mach  under 
redness ;  indeed,  at  a  temperature  little  exceeding  that  of  boiling  mercury,  it  boils  and 
distils  over  in  drops.  Its  vapors  have  no  smell.  It  is  but  slightly  altered  by  ezposnre 
to  air.  When  heated  in  the  atmosphere,  it  readily  takes  fire,  and  bums  with  a  brownish 
yellow  smoke  which  is  destitute  of  smell.  In  strong  acids  it  dissolves  with  disengage- 
ment of  hydrogen,  and  forms  colorless  solutions.  Chromate  of  potash  causes  no  pre- 
cipitate in  them,  unless  zinc  or  lead  be  present. 

There  is  only  one  oxyde  of  cadmium,  the  brown  above  mentioned.  Its  specific  gravity 
is  8*183.  It  is  neither  fusible  nor  volatile  at  a  very  high  temperature.  When  in  tht 
state  of  a  hydrate  it  is  white.  The  oxyde  of  cadmium  consists  of  87*45  parts  of  metal, 
and  12*55  oxygen  in  100  parts.  Bcrzclius  states  its  atomic  weight  to  be  55*833  to  hydro- 
gen 1*000.  Its  snlphuret  has  a  fine  orange  yellow  color,  and  would  form  m  beautifol 
pigment,  could  the  metal  be  found  in  sufllicient  quantity  for  the  purposes  of  art.  Tha 
sulphate  is  applied  to  the  eyes  by  surgeons  for  rcmoi'ing  specks  of  the  cornea. 

CAFEINE.   A  chemical  principle  discovered  in  coflfee,  remarkable  for  containing 
much  azote.   See  Coffee. 

CAJEPUT  OIL  is  obtained  from  the  leaves  of  the  tree  called  Melaleuca  Leucaden- 
dron  by  Linntcus,  which  grows  upon  the  mountains  of  Amboyna,  and  in  other  of  tht 
Molucca  islands.  It  is  procured  by  distillation  of  the  dried  leaves  along  with  water,  is 
prepared  in  great  quantities  in  the  island  of  Banda,  and  sent  to  Holland  in  copper  flasks. 
Hence,  as  it  comes  to  us,  it  has  a  green  color.  It  is  very  limpid,  lighter  than  water,  of  " 
a  strong  smell  resembling  camphor,  and  pungent  taste  like  cardamoms.  When  rectified 
the  copper  remains  in  the  retort,  and  the  oil  comes  over  colorless.  It  is  used  in  medidnt 
as  a  stimulant.   See  Oils  Ethereous. 

CALAMANCO.  A  sort  of  woollen  stuff  of  a  shining  appearance,  checkered  in  the  ' 
warp,  so  that  the  checks  are  seen  only  upon  one  side. 

CALAMINE.    A  native  carbonate  of  zinc.   See  Zinc 

CALCAREOUS  EARTH,  (Tern  calcairt,  Fr.;  KaVcerde,  Germ.),  commonly  de- 
notes lime,  in  any  form ;  but,  properly  speaking,  it  is  pure  lime. 
CALCAREOUS  SPAR.    Cn'stallized  native  carbonate  of  lime. 

CALCEDONY.  A  hard  mineral  of  the  silicious  family,  often  cut  into  seals.  UndeM 
H  may  be  grouped  common  calcedony,  heliotrope,  chr}'soprase,  plasma,  onyx,  Baxdonyx,.^ 
and  sard. 

CALCHANTUM.   The  ancient  name  of  native  copperas  or  sulphate  of  iron. 

CALCINATION  is  the  chemical  process  of  subjecting  metallic  bodies  to  heat  with^ 
access  of  air,  whereby  they  are  converted  into  a  pulverulent  matter,  somewhat  like  limi^ 
in  appearance,  called  calx  in  Latin.  The  term  ealcination,  however,  is  now  nsed  whei^ 
any  substance  whatever  is  exposed  to  a  roasting  heat. 

CALCIUM.  The  metallic  basis  of  lime.  See  Limx. 
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CALC-SINTER.  The  iacrnstations  of  carbonate  of  lime  upon  the  ground,  or  the 
pendulous  conical  pieces  called  stalactites,  attached  to  the  roofs  of  caverns,  are  so  called. 

CALC-TUFF.  A  semi-hard,  irregular  deposite  of  carbonate  of  lime,  formed  from 
the  waters  of  calcareous  springs. 

CALCULUS.  The  stony-looking  morbid  concretion,  occasionally  formed  in  the 
bladder  of  urine,  gall-bladder,  cystic  duct,  kidneys,  and  other  parts  of  living  animals. 
Its  examination  belongs  to  medical  chemistry. 

CALENDER  {Calandre,  Fr. ;  Kalander,  Germ.),  a  word  deriyed  from  the  Greek 
kalindroM  (cylinder),  is  the  name  of  a  machine,  consisting  of  two  or  more  cylinders,  revolving 
K>  nearly  in  contact  with  each  other  that  cloth  passed  through  between  them  is  smoothed, 
and  even  glazed,  by  their  powerful  pressure.  It  is  employed  either  to  finish  goods  for  the 
market,  or  to  prepare  cotton  and  linen  webs  for  the  calico-printer,  by  rendering  their  sur- 
laces  level,  compact,  and  uniform.  This  condensation  and  polish,  or  satinage,  as  the  French 
call  it,  differ  in  degree  according  to  the  object  in  view,  and  may  be  arrangol  into  three 
distinct  series.  1.  For  goods  which  are  to  receive  the  first  impression  by  the  Idock, 
m  very  strong  pressure  is  required ;  for,  upon  the  uniformity  of  the  polish,  the  neatness 
and  regularity  of  the  printing,  and  the  correspondence  of  its  members,  depend.  1^ 
many  establishments  the  calico  is  passed  twice  through  the  calender  before  being  sent 
to  the  tables.  2.  The  pieces  already  dyed  up  at  the  madder  bath,  or  otherwise,  and 
which  remain  to  be  filled  in  with  other  colors,  or  grounded-in,  as  it  is  technically  styled, 
must  receive  a  mnch  less  considerable  gloss.  This  is  a  principle  everywhere  admitted 
and  acted  upon,  because  the  outline  of  the  figured  design  being  deranged  by  the 
washing,  and  sometimes  in  consequence  of  the  peculiar  texture  of  the  cloth,  the  printer, 
ia  Older  to  apply  his  grounding  blocks  properly,  and  to  fit  them  to  the  contours  of  the 
figures  already  impressed,  is  obliged  to  stretch  the  piece  sometimes  in  the  direction  of 
the  warp,  and  sometimes  of  the  weA,  which  would  be  impossible  if  they  had  been  hard 
glazed  by  the  calender.  3.  The  degree  of  glazing  given  to  finished  goods  depends  upon 
the  taste  of  purchasers,  and  the  nature  of  the  article ;  but  it  is,  in  general,  much  less 
than  for  the  first  course  of  block-printing. 

The  most  complete  calender  probably  in  existence  is  that  used  by  some  of  the 
eminent  calico-printers  of  Alsace,  as  contrived  by  M.  Charles  DoUfus,  and  constructed 
by  MM.  Witz,  Blech,  and  Co.  1.  It  passes  two  pieces  at  once,  and  thus  does  double  the 
work  of  any  ordinary  machine.  2.  It  supersedes  the  necessity  of  having  a  workiaan  to 
fold  up  the  goods,  as  they  emerge  from  the  calender,  with  the  aid  of  a  self-acting  foMer. 
3.  It  receives,  at  pleasure,  the  finished  pieces  upon  a  roller,  instead  of  laying  them  in 
folds';  and,  by  a  very  simple  arrangement,  it  hinders  the  hands  of  the  workmen  from 
being  caught  by  the  rollers. 

Calenders,  in  consequence  of  the  irregular  demand  for  foreign  orders  and  shipments, 
are  woiked  very  irregularly,  being  sometimes  overloaded  with  duty,  and  at  others  alto- 
gether unemployed.  A  machine  which  can,  when  required,  turn  out  a  double  quantity 
c€  goods,  must,  therefore,  be  a  desirable  possession.  For  the  first  course  of  the  printers,' 
where  high  calendering  is  necessary,  the  goods  are  usuaUy  passed  twice  through  be- 
tween two  paper  cylinders,  to  give  that  equality  of  surface  which  could  not  be  obtained  by 
one  passage,  however  strong  the  pressure ;  and  therefore  the  simplification  of  this  calen- 
der will  prove  no  economy.  Besides,  in  order  to  increase  the  pressure  to  the  requisite  de- 
gree, the  cylinders  would  need  to  be  made  bulging  at  their  middle  part,  and  with  such 
eyliniden  common  smoothing  could  not  be  given ;  for  the  pieces  would  be  glazed  in  the 
central  line,  and  rough  towards  the  edges.  For  pieces  ahready  printed  in  part,  tod  re- 
quiring only  to  be  grounded-in  for  other  colors,  the  system  of  double  eflfect  has  fewer  ob- 
jeetions,  as  a  single  passage  through  the  excellent  calender  described  under  Bleachim g, 
jage  140,  is  found  to  answer  very  well. 

The  most  remarkable  feature  of  M.  Dollfus's  machine  is  its  being  managed  by  a  single 
Workman.  Six  or  eight  pieces  are  coiled  upon  the  feed-roller,  and  they  are  neither  pasted 
nor  stitched  together,  but  the  ends  are  merely  overlapped  half  a  yard  or  so.  The 
Wcvkman  is  careful  not  to  enter  the  second  piece  till  one  third  or  one  half  of  the  first 
One  has  passed  through  on  the  other  side,  to  prevent  his  being  engrossed  with  two  ends 
at  a  time.   He  must,  no  doubt,  go  sometimes  to  the  one  side,  and  sometimes  to  the 
other  of  the  machine,  to  see  that  no  fokls  or  creases  occur,  and  to  be  ready  for  supplying 
%  firesh  piece  as  the  preceding  one  has  gone  through.   The  mechanism  of  the  folder  in 
the  Alsace  machine  is  truly  ingenious :  it  performs  extremely  well,  reaUy  saves  th« 
attendance  of  an  extra  workman,  and  is  worthy  the  attention  of  manufacturers  intent 
^pon  economizing  hand  labor.    The  lapping-roller  works  by  friction,  and  does  its  duty 
CViUy  "better  than  similar  machines  guided  by  the  hand. 

The  numerous  accidents  which  have  happened  to  the  hands  of  workmen  engaged  in 
Calenders  shouM  direct  the  attention  towards  its  efiective  contrivance  for  preventing  such 
iBidortunes.  These  various  unprovements  in  the  Alsace  machine  may  be  easily  adapted 
ta  tiie  ordinary  calenders  of  almost  every  construction. 
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The  folder  is  a  kind  of  cage,  in  the  shape  of  an  inverted  pyramid,  shut  on  the  fts 
tides,  and  open  at  tup  and  bottom ;  the  top  orifice  is  about  five  inches,  the  bottom  ou 
an  inch  and  a  half ;  the  front  and  the  back;,  which  are  about  four  feet  broad,  are  made  of 
tin-plate  or  smooth  pasteboard,  and  the  two  sides  are  made  of  strong  sheet-iron ;  the  whde 
being  bolted  tos^ethcr  by  small  bars  of  iron.  Upon  the  sheet-iron  of  the  sides,  iron  up- 
rights are  fixed,  perforated  with  holes,  through  which  the  whole  cage  is  supported  fredy 
by  means  of  studs  that  enter  into  them.  One  of  the  uprights  is  longer  than  the  other, 
and  bears  a  slot  with  a  small  knob,  which,  by  means  of  the  iron  piece,  joina  the  guide  to 
the  crank  of  the  cylinder,  and  thereby  communicates  to  the  ca^e  a  seesaw  movement; 
at  the  bottom  extremity  of  the  great  upright,  there  is  a  piece  of  iron  in  the  shape  of  aa 
anchor,  which  may  be  raised,  or  lowered,  or  made  fast,  by  screws. 

At  the  ends  of  this  anchor  are  friction-rollers,  which  may  be  drawn  oat  or  poshed 
back  and  fixed  by  screws ;  these  rollers  Md  alternately  two  levers  made  of  wood,  and  fixed 
to  a  wooden  shaA. 

The  paws  are  also  made  of  wood :  they  serve  to  lay  down  alternately  the  plies  of  the 
cloth  which  passes  upon  the  cage,  and  is  folded  zigzag  upon  the  floor,  or  upon  a  board 
set  below  the  cage ;  a  motion  imparted  by  the  seesaw  motion  of  the  cage  itself.  See 
Stretching  Machine. 

To  protect  the  fint^ers  of  the  workmen,  above  the  small  plate  of  the  spreading-board 
or  bar,  there  is  another  bar,  which  forms  with  the  former  an  angle  of  about  75^;  they 
come  sufficiently  near  together  i'or  the  oponin?  at  the  summit  of  the  angle  to  allow  the 
doth  to  i>ass  through,  but  not  the  fingers.  See  Bulletin  dt  la  SoeUie  huhutrSilh  if 
MulhauseHy  No.  IS. 

I  shall  now  describe,  more  minutely,  the  structure  of  ihe  powerful  but  len  eomplieated 
calender  mechanisms  employed  in  the  British  manufactories. 

A  front  elevation  of  a  fuur-roUcred  calender  (five  rollers  are  often  introduced)  for  gla- 
sing  goods  is  given  in  fig,  t228.  d  I  are  two  pasteboard  or  paper  cylinden,  each  20  inches 


in  diameter,  whose  structure  will  be  presently  described  :  /  is  a  cast-iron  cylinder  turned 
perfectly  smooth  (its  fellow  is  often  placed  between  e  and  d) :  it  is  eight  inches  in  diame- 
ter outside,  four  inches  inside,  with  two  inches  thickness  of  metal,  e  is  another  paste- 
board cylinder,  fourteen  inches  in  diameter:  the  strong  cast-iron  frame  contains  the  bosh- 
es in  which  the  journals  of  the  rollers  turn,  op,  is  one  of  the  pair  of  levers  for  commu- 
nicating a  graduated  pressure  according  to  the  quality  of  the  fi:oods.  Figs.  229, 230,  are  end 
views  of  the  same  machine  to  show  the  workinc:  gear.  The  wheel  t,  on  the  end  of  the 
upper  iron  cylinder,  is  ten  inches  in  diameter ;  that  on  the  end  of  the  fellow  iron  cylinder 
below  (when  it  is  present)  is  thirteen  inches;  both  are  connected  by  the  larger  carrier 
wheel  /.  The  lower  wheel  a  is  one  third  larger  than  the  upper  wheel,  and  therefora 
receives  from  the  carrier  wheel  /,  a  proportionally  slower  motion^  which  it  imparts  to  the 
central  pasteboard  roller  c,  lying  upon  it,  causing  it  to  move  one  third  more  slowly  thaa 
the  upper  pasteboard  roller.  Thus  a  sort  of  sliding  motion  is  produced,  which,  by  nibbing 
their  surfaces,  glazes  the  goods. 
The  iron  rollers  are  made  hollow  for  the  purpose  of  admitting  either  a  hot  roller  of 
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ina,  or  ttemm  when  hot  calenderiog  U  required.  The  other  cylinders  used  formerly  to  be 
msde  of  wood,  but  it  was  liable  to  many  defects.  The  advantage  of  the  paper  roller 
eosMOs  in  its  being  devoid  of  any  tendency  to  split,  crack,  or  warp,  especially  whos 
exposed  to  a  eonsiderable  heat  from  the  contact  and  pressure  of  the  hot  iron  rollers. 
TU  paper,  moreover,  takes  a  vastly  finer  polish,  and,  being  of  an  elastic  nature,  presses 
into  every  pore  of  the  cloth,  and  smooths  its  surface  more  effectually  than  any  wooden 
efliader,  however  truly  turned,  could  possibly  do. 

The  paper  cylinder  is  constructed  as  follows : — ^The  axis  of  the  cylinder  is  a  strong 
^Qsre  bar  of  the  best  wrought  iron,  cut  to  the  proper  length.  Upon  this  bar  a  strong 
mad  plale  of  cast  iron  is  first  put,  somewhat  less  in  diameter  than  the  cj'Iinder  when 
fiaiiheo.  A  quantity  of  thick  stout  pasteboard  is  then  procured,  and  cut  into  round 
pieces  an  inch  larger  in  diameter  than  the  iron  plate.  In  the  centre  of  the  plates,  and 
of  every  piece  of  the  pasteboard,  a  square  hole  must  be  cut  to  receive  the  axis ;  and,  the 
aide  being  divided  into  six  equal  parts,  a  hole  must  also  be  cut  at  each  of  the  divisions^ 
u  iaeh  or  two  within  the  rim.  These  pieces  of  pasteboanl  being  successively  put 
ipoB  the  axis,  n  long  bolt  of  malleable  iron,  with  a  head  at  one  end,  and  screwed  at  the 
olhcr,  is  alto  introduced  through  each  of  the  holes  near  the  rim;  and  this  is  continued 
Mil  a  sufficient  number  of  pasteboards  are  thus  placed  to  form  a  cylinder  of  the 
loigth  required,  proper  allowance  being  made  for  the  compression  which  the  pasteboard 
ii  sflerwuds  to  undergo.  Another  round  plate  is  then  applied,  and,  nuts  being  put 
ipoB  the  sercwsy  the  whole  are  screwed  tight,  and  a  cylinder  formed.  This  cylinder  is 
mr  to  be  placed  in  a  stove,  exposed  to  a  strong  heat,  and  must  be  kept  there  for  at  least 
Kfrial  days ;  and,  as  the  pasteboard  shrinks  by  exposure  to  the  heat,  the  screws  must 
ke  Gnqoently  tightened  until  the  whole  mass  has  been  compressed  as  much  as  possible. 

ihe  cylinder  is  thus  brought  to  a  sufficient  decree  of  density,  it  is  removed  from 
Ike  iiofe ;  aiidy  when  allowed  to  cool,  the  pasteboard  forms  a  substance  ahnost  ineon- 
ceirably  dense  and  hard.  Nothing  now  remains  but  to  turn  the  cylinder ;  and  this  is  an 
dpenlion  of  no  alight  labor  and  patience.  The  motion  in  turning  must  be  slow,  not 
exceeding  about  forty  revolutions  in  a  minute ;  the  substance  being  now  so  hard  and 
toafb  that  tools  of  a  very  small  size  must  be  used  to  cut,  or  rather  scrape  it,  until  it  is 
ine.  Three  men  are  generally  employed  for  the  turning,  even  when  the  motion  of 
ibe  cylinder  is  efiiected  by  mechanical  power,  two  being  necessary  to  sharpen  tools  for 
Ike  thiid,  who  turns,  as  quickly  as  he  blunts  them. 

Let  us  suppose  it  to  be  a  five-rollered  machine:  when  a  person  stands  in  front  vir 
ike  calender,  the  cloth  coming  from  behind  above  the  uppermost  cylinder  ],  passes  be- 
nreen  1  and  2:  proceeding  behind  2,  it  again  comes  to  the  front  between  2  and  3x 
keiween  3  and  4  it  is  once  more  carried  behind,  and,  lastly,  brought  in  front  between 
4  tad  5,  where  it  is  received,  and  smoothly  foldeii  on  a  clean  board,  or  in  a  box,  by  n 
pema  plaeed  there  for  the  purpose.  In  folding  the  cloth  at  this  time,  care  must  be 
ukea  that  it  may  be  loosely  done,  so  that  no  mark  may  appear  until  it  be  again  fokled 
n  the  piceise  length  and  form  into  which  the  piece  is  to  be  made  up.   The  fokling  may 

done  either  by  two  persons  or  by  one,  with  the  aid  of  two  sharp  polished  spikes 
pheed  at  a  proper  distance,  to  attcertain  the  length  of  the  fold,  and  to  make  the  whole 
«|mL  When  fokled  into  lengths,  it  is  again  folded  across  upon  a  smooth  clean  table^ 
Mcoiding  to  the  shape  intended,  whidi  varies  with  the  different  kinds  of  goods,  or  thA 
pirtiealar  naiket  for  which  the  goods  are  desiimed. 

When  Ihe  pieces  have  received  the  proper  fold,  the  last  operation  previous  to  pocking 
<kai  is  the  pressing.  This  is  commonly  performed  by  placing  a  certain  number  of  pieces, 
^ided  by  thin  smooth  boards  of  wood,  in  a  common  screw  press,  similar  to  those  used 
ky  printers  for  taking  out  the  impression  left  by  the  types  in  the  printing-press.  Be- 
iia  Ihe  wooden  boards,  a  piece  of  glazed  pasteboard  is  placed  above  and  bcknr  every 
piece  of  cloth,  that  the  outer  fokls  may  be  as  rmooth  and  glossy  as  possible.  Ths 
ipentioa  of  the  eommon  screw  press  being  found  tedious  and  laborious,  the  hydran* 
lie  press  is  now  in  all  well-mounted  establishments  had  recourse  to.   Sm  Htsbauuc 

No  impiovements  that  have  taken  place  in  calendering  can  exceed  the  power  and  (h- 
ciiiy  the  water  press :  one  of  these  presses  may  be  worked  by  two  men,  who  cui 
viik  ^reat  ense  produce  a  pressure  of  400  tons ;  but,  in  consklereble  estabUshmenls,  th« 
iRNes  are  worked  by  power.   See  BANDAKNi . 

Tke  appennhce  and  finish  of  the  goods,  in  consequenee  of  such  an  immense  weight 
Mi^  on  them,  are  materially  improved. 

Tke  press  is  also  used  for  the  purpose  of  packing ;  whereby  the  bale  is  reodered  mod 
Msc  eos^Mct  than  formerly.  It  is  commonly  roped,  Jtc.,  while  in  this  eomprcMed 
iMe;  Ik  dimensions  are  therefore  greatly  diminished  from  what  they  woukl  otherwist 
^  If  any  other  method.  For  ins tanee,  the  same  quantity  of  goods  packed  in  n  \a3m 
MB  OM  thiid  to  one  half  less  bnlky  than  if  they  were  packed  in  a  box  with  thi 
<tMAne  cf  the  hands. 
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For  hwns  and  mndins  of  a  light  textnre,  the  operation  of  Bnoothing  requires  ttf 
ferent  process  in  some  respects  than  close  hea\7  fabrics.  They  raly  require  to  be  iligUf 
smoothed  to  remove  any  marks  which  they  may  have  received  at  the  bleaching;  and  si 
their  beauty  depends  rather  on  their  transparency  than  their  doseneaa,  the  mm  tlie  qf- 
lyndrical  form  of  the  yarn  is  preserved  the  better.  They  are  therefore  put  throoika 
small  machine,  consisting  of  three  rollers  or  cylinders ;  and  as  the  power  rcqaired  to 
move  tills  is  small,  the  person  who  attends  it  generally  drives  it  by  a  anall  irinch;  or 
the  same  efl'ect  may  be  produced  by  passing  the  muslins  between  only  two  or  three  nUoi 
of  the  above  calender,  lichtly  loaded. 

In  the  thick  fabrics  of  cloth,  including  those  kinds  which  are  used  for  many  pailitf 
household  ftimiture,  as  also  those  for  female  dress,  the  (^ration  of  glazing  is  uMd  both 
to  add  to  the  original  beauty  of  the  cloth,  and  to  render  it  more  impervions  to  dost  or 
smoke.  The  glazing  operation  is  performed  entirely  by  the  friction  of  any  cmooth 
substance  upon  the  cloth;  and,  to  render  the  gloss  brighter,  a  small  qnantit)'  of  Uesdwd 
wax  is  previously  rubbed  over  the  surface.  The  operation  of  glazing  by  the  eoDBon 
plan  is  very  laborious,  but  the  apparatus  is  of  the  most  simple  kind.  A  table  is  momted 
with  a  thick  stout  cover  of  level  and  well-smoothed  wood,  forming  an  inclined  plane ; 
that  side  where  the  operator  stands  at  work  being  the  lowest,  l^e  taUe  is  genenUy 
placed  near  a  wall,  both  for  convenience  in  suspending  the  glazing  appamtns,  aad  Ar 
the  sake  of  light.  A  long  piece  of  wood  is  suspended  in  a  groo^'e  formed  between  tvo 
longitudinal  beams,  plac^  parallel  to  the  wall,  and  fixed  to  it.  The  groove  resemUn 
exactly  the  aperture  between  the  shears  of  a  common  turning  lathe.  The  lever,  of  wfakk 
the  groove  may  be  supposed  to  be  the  centre  or  fulcrum,  is  faced  at  the  bottom  with  a 
semi-cylindrical  piece  of  finely  polished  flint,  which  gives  the  IHction  to  the  doth  stretdiel 
upon  the  table  below.  Above  the  flint  are  two  cross  handles,  of  which  the  operstor 
lays  hold,  and  moves  them  backward  and  forward  with  his  hands,  keeping  the  flint  pms- 
ing  slightly  upon  the  ck>th.  When  he  has  glazed  a  portion  equal  to  the  breadth  of  the 
flint,  he  moves  his  lever  between  the  shears  sidewise,  and  glazes  a  fresh  part :  thai  k 
proceeds  from  one  side  or  selvage  of  the  cloth  to  the  other ;  and  when  all  which  is  npoa 
the  table  is  sufliciently  glazed,  he  draws  it  over,  and  exposes  a  new  portion  to  the  mat 
operation.  To  pre^cive  the  cloth  at  a  proper  tension,  it  may  be  wound  smoothly  npoa 
a  roller  or  beam,  which  being  set  so  as  to  revolve  upon  its  own  axis  behind  the  tabk, 
another  roller  to  receive  the  cloth  may  be  placed  before,  both  being  secured  by  a  caiek, 
acting  in  a  ratchc-t  wheel.  Of  late  years,  however,  a  great  part  it  the  labor  employed 
in  glazin?  cloth  has  been  saved,  as  the  common  four  or  five  bowl  calender  has  beei 
altered  to  fit  this  purpose  by  direct  pressure. 

As  a  mntlor  of  accommodation,  the  diflerent  processes  of  packing,  cording  of  bom 
aheetinir  of  trunks,  anii;,  in  ceneral,  all  the  arrangements  preparatory  to  shipments,  and 
also  the  intimations  and  siinrys  necessary  for  obtaining  drawbacks,  debentures,  or 
bounties,  nccordine  to  the  excise  laws,  are  generally  conducted  at  the  calender  hoosei 
where  giKxis  ore  finished.  These  operations  sufficiently  aeconnt  for  the  general  meaning 
attached  to  the  word. 

CALfCO-PRINTIXG  (Tmprtnicn  d'Indicnnes,  Fr. ;  ZeMftdrnekmi,  Germ.)  it  the 
art  of  impressing  cotton  cloth  with  topical  dyes  of  more  or  less  permanence.  Of  late 
year*,  silk  and  woiMlen  fabrics  have  been  made  the  subjects  of  a  similar  style  of 
dyeing.  Linens  wore  formerly  stnine«l  with  \-arious  colored  designs,  bat  since  the 
modera  imprin-oments  in  tlie  manutactnre  of  cotton  doth,  they  are  seldom  printed,  u 
the>-  are  both  dearer,  and  pnniuce  le5s  beautiful  work,  becanse  fiax  possesses  less  affinity 
than  cotton  for  coloring;  matters. 

This  art  is  ol*  very  anrient  date  in  India,  and  takes  its  English  name  from  Calicut,  a 
district  whrre  it  has  been  practised  with  great  success  from  time  immemorial.  The 
Ee>'ptians.  aK\  apiH«r  irom  Pliny's  testimony  to  have  practised  at  a  remote  era  some  of 
the  most  refined  pn^i^«es  ot*  topical  dyeing. '  Robes  and  white  veils,"  says  he,  ''are 
|«intAl  in  Kc^-pt  in  a  wonderful  way.'  They  are  firs^t  imbued,  not  with  dyes,  but  with 
dye4tb«orbinf  dnips,  by  which,  thou  eh  they  seem  to  be  unaltered,  yet.  when  immeraed 
lor  a  little  while  ia  a  c.V.dron  of  the  Knlinc  dye-U<)uor,  they  are  found  to  become 
fainted.  Yet.  as  there  i»  only  one  et^lor  in  the  caldron,  it  is  marveUons  to  see  many 
epKv9  impart to  the  robe,  in  conse»iuence  of  the  induence  of  the  excipient  drag.  Nor 
ean  the  d)e  be  washi>l  out.    A  callr\>n.  which  would  of  itself  merely  confuse  the  ectai 

cloths  prvviously  lit  eii.  is  thus  xr.ade  to  impart  several  pigments  fhxn  a  single  dy»- 
atutr.  fsiifi.'mj?  The  last  eipre$5ion.  pittpi^  dam  eoquitf  is  perfectly  graphic 

and  descriptive  of  ealici^printinc. 

The  ct^tiHi  chmts  eoimterpAnes  of  creat  size,  called  pallampoon^  which  hare  been 
manufadurv^l  in  Madras  fnvn  the  earliest  aces«  have  in  like  manner  peculiar  dye-nbtorV 
ing  drugs  applied  to  them  with  the  pencil,  as  aUo  wu,  to  protect  eertain  puts  of  the 
■artace  iKvn  the  aetit^u  of  the  d>T.  and  are  arterwanis  immersed  in  n  f  "■"g  liquory  whic^ 
Vhen  wax  t*  applitn).  b  usually  the  c\>M  indico-vat.  bat  without  the  wax  it  a  hoi  liquor 
flbihu-  to  the  £^ptian.   M.  KoechUa  Roder,  of  Malhcuie.  troo^t  Ihm  Itfdr  Ihip 


CALICO-PRINTING. 


210 


India  a  rich  collection  of  cloths  in  this  state  of  preparation,  "which  I  saw  in  the 
cabinet  of  the  Sociiie  IndustrielU  of  that  interesting  emporium  of  calico-printing. 
The  native  implements  for  applying  the  wax  and  coloring  bases  are  placed  alonfp- 
aide  of  the  cloths,  and  form  a  curious  picture  of  primeval  art.  There  is  among 
other  samples  an  ancient  pailampooTy  five  French  yards  long,  and  two  and  a  half  broad, 
said  to  be  the  labor  of  Hindoo  princesses,  which  must  have  taken  a  lifetime  to  execute. 
Hie  printing  machinery  of  great  Britain  has  begun  to  supersede,  for  these  styles  of 
work,  the  cheapest  hand  labor  of  India. 

Calico-printing  has  been  for  several  hundred  years  practised  by  the  oriental  methods 
in  Asia  Minor  and  the  Levant;  but  it  was  unknown  as  an  English  art  till  1696, 
when  a  sn^all  print-ground  was  formed  upon  the  banks  of  the  Thames,  near  Richmond, 
by  a  Frenchman — ^probably  a  refugee  from  his  own  country,  in  consequence  of  tht 
RToeation  of  the  edict  of  Nantes.  Some  time  afterwards,  a  considerable  printing 
work  was  established  at  Bromley  Hall,  in  Essex,  and  several  others  sprung  up  succe»- 
sivdy  in  Surrey,  to  supply  the  London  shops  with  chintses,  their  import  ftom  Ii^ 
having  been  prohibited  by  act  of  parliament  in  1700.  The  silk  and  woollen  weavers, 
indeed,  had  all  along  manifested  the  keenest  hostility  to  the  use  of  printed  calicoes, 
whether  brought  from  the  East  or  made  at  home.  In  the  year  1680  they  mobbed  the 
India  House  in  revenge  for  some  large  importations  then  made  of  the  chintses  of 
Bfalabar.  They  next  induced  the  government,  by  incessant  clamors,  to  exdude  alto- 
gether the  beautiful  robes  of  Calicut  from  the  British  market.  But  the  printed  goods^ 
impcMted  by  the  English  and  Dutch  East  India  companies,  found  their  way  into  this 
eoantry,  in  spite  of  the  excessive  penalties  annexed  to  smuggling,  and  raised  a  new  alann 
among  the  manufacturing  population  of  Spitalfields.  The  sapient  legislators  of  that  day, 
intimidated,  as  would  appear,  by  the  East  London  mobs,  enacted  in  1720  an  absurd 
sumptuary  law,  prohibiting  the  wearing  of  all  printed  calicoes  whattoever,  either  of  foreign 
or  domettie  origin.  This  disgraceful  enactment,  worthy  of  the  meridian  of  Cairo  or 
Algiers,  proved  not  only  a  death-blow  to  rising  industry  in  this  ingenious  department 
of  the  arts,  but  prevented  the  British  ladies  from  attiring  themselves  in  the  becoming 
drapery  of  Hindostan.  After  an  oppressive  operation  of  ten  years,  this  act  was  repealed 
by  a  partially  enlightened  set  of  senators,  who  were  then  pleased  to  permit  what  they 
ealled  British  calicoes,  if  made  of  linen  warp,  with  merely  weft  of  the  hated  cotton,  to  be 
printed  and  worn,  upon  paying  a  duty  of  no  less  than  sixpence  the  square  yard.  Under 
this  burden,  English  calico-printing  could  not  be  expected  to  make  a  rapid  progress. 
Accordingly,  even  so  lately  as  the  year  1750,  no  more  than  50,000  pieces  of  mixed 
stuff  were  printed  in  Great  Britain,  and  that  chiefly  in  the  neighborhood  of  London  i 
whereas  a  single  manufacturer,  Mr.  Coates  of  Manchester,  now-a-days  will  turn  off 
nearly  twenty  times  that  quantity,  and  there  are  very  many  others  who  manufacture 
several  hundred  thousand  pieces  per  annum.  It  was  not  tUl  about  1766  that  this  art 
migrated  into  Lancashire,  where  it  has  since  taken  such  extraordinary  development ; 
but  it  was  only  aAer  1774  that  it  began  to  be  founded  upon  right  principles,  in  conse- 
quence of  the  repeal  of  that  part  of  the  act  of  1730  which  required  the  warp  to  be  made 
of  linen  yam.  Henceforth  the  printer,  though  still  saddled  with  a  heavy  duty  of  3d.  the 
square  yard,  was  allowed  to  apply  his  colors  to  a  homogeneous  web,  instead  of  the  mixed 
fabric  of  linen  and  cotton  substances,  which  differ  in  their  affinities  for  dyes. 

France  pursued  for  some  time  a  similar  false  policy  with  regard  to  calico-printing,  bat 
•she  emerged  sooner  from  the  mists  of  manufacturing  monopoly  than  England.  Her 
avowed  motive  was  to  cherish  the  manufacture  of  flax,  a  native  product,  instead  of  that 
of  cotton,  a  raw  material,  for  which  prejudice  urged  that  money  had  to  be  exported. 
Her  inteUigent  statesmen  of  that  day,  fully  seventy  years  ago,  replied  that  the  money 
expended  in  the  purchase  of  cotton  was  the  produce  of  French  industry,  beneficially 
employed,  and  they  therefore  took  immediate  measures  to  put  the  cotton  fabrics  upon  a 
looting  of  equality.  Meanwhile  the  popular  prejudices  became  irritated  to  such  a  degree, 
by  the  project  of  permitting  the  free  manufacture  and  sale  of  printed  cottons,  that  every 
French  town  possessed  of  a  chamber  of  commerce  made  the  strongest  remonstrances 
against  it.  The  Rouen  deputies  declared  to  the  government,  that  the  intended  mea- 
sve  would  throw  its  inhabitants  mto  despair,  and  make  a  desert  of  the  surrounding 
country:"  those  of  Lyons  said,  <Mhe  news  had  spread  terror  through  all  its  workshops 
Tours  foresaw  a  commotion  likely  to  convulse  the  body  of  the  state  :"  Amiens  said, 
*<that  the  new  law  would  be  the  grave  of  the  manufacturing  industry  of  France and 
Hris  declared  that  "  her  merchants  came  forward  to  bathe  the  throne  with  their  tears 
^oa  that  inauspicious  occasion.'' 

The  government  persisted  in  carrying  its  truly  enlightened  principles  into  effect,  and 
Vith  so  manifest  advantage  to  the  nation,  as  to  warrant  the  inspector-general  of  mani»> 
fcctores  to  make,  soon  afterwards,  the  following  appeal  to  those  prejudiced  bodies  :— 
"Will  any  of  you  now  deny  that  the  fabrication  of  printed  cottons  has  occasioned  a  vast 
menkn^  of  the  industry  of  France,  by  giving  profitable  employment  to  a  great  many 
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hands  in  spinning,  wcaTinff,  blenching,  and  printing  the  colors  f  Look  only  at  the  dyeii^ 
department,  and  say  whether  it  has  not  done  more  good  to  France  in  a  few  yean  thu 
many  of  your  othev  mannfactures  have  in  a  century  T" 

The  despair  of  Rouen  has  been  replaced  by  the  most  signal  pcosperiQr  in  the  ooCtoo 
trade,  and  especially  in  printed  calicoes,  for  tlie  manufacture  of  which  it  poaaeases  70 
different  establishments,  producing  upwards  of  a  million  of  pieces  of  greater  average  na 
and  price  than  the  English.  In  the  district  of  the  Lower  Seine,  round  that  town,  there 
are  500  cotton  factories  of  different  kinds,  which  give  employment  to  118,000  opentifci 
of  all  orders,  and  thus  procure  a  comfortable  livelihood  to  probaUy  not  lea  than  half  a 
million  of  people. 

The  repeal,  in  1831,  of  the  consolidated  duty  of  3)<2.  per  square  yard  upon  prinld 
calicoes  in  Great  Britain  is  one  of  the  most  judicious  acts  of  modem  leg^slatiDn.  Bf 
the  improvements  in  calico-printing,  due  to  tiie  modem  discoveries  and  inventioDs  ia 
chemistry  and  mechanics,  the  trade  had  become  so  vast  as  to  yieU  in  1830  a  revenae  of 
2,280,000/.  levied  upon  8,596,000  pieces,  of  which,  however,  about  three  finulhs  wof 
exported,  with  a  drawback  of  1,579,000/.  2,281,512  pieces  were  eonsnmed  in  that  yesr 
at  home.  When  the  expenses  of  collection  were  deducted,  only  350,000/.  found  their 
way  into  the  exchequer,  for  which  pitiful  sum  thousands  of  frauds  and  obstmctioBS  wof 
committed  against  the  honest  manufacturer.  This  reduction  of  duty  enables  the  coa- 
sumer  to  get  this  extensive  article  of  clothing  from  50  to  80  per  cent,  cheaper  than 
before,  and  thus  places  a  becoming  dress  within  the  reach  of  thousands  of  handsnwr 
females  in  the  hambler  ranks  of  life.  Printed  goods,  which  in  1795  were  aold  for  two 
shillings  and  three-pence  the  yard,  may  be  bought  at  present  for  eight-pence.  In  ftet,  a 
woman  may  now  purchase  the  materials  of  a  pretty  gown  for  two  shillings.  The  repeal 
of  the  tax  has  been  no  less  beneficial  to  the  fair  dealers,  by  putting  an  end  to  the  eontn- 
band  trade,  formerly  pursued  to  an  extent  equally  injurious  to  them  and  the  reveaae. 
It  has,  moreover,  emancipated  a  manufacture,  eminently  dependant  upon  taste,  sciene^ 
and  dexterity,  from  the  venal  curiosity  of  petty  excisemen,  by  whom  private  improve- 
ments, of  great  value  to  the  inventor,  were  in  perpetual  jeopardy  of  being  pirated  and 
aold  to  any  6or|}id  rival.  The  manufacturer  has  now  became  a  free  agent,  a  master  of 
his  time,  his  workmen,  and  his  apparatus ;  and  can  print  at  whatever  hour  he  may  re- 
ceive an  order ;  whereas  he  was  formerly  obliged  to  wait  the  convenience  of  the  exoK 
officer,  whose  province  it  was  to  measure  and  stamp  the  doth  before  it  could  be  packed, 
— an  operation  fraught  with  no  little  annoyance  and  delay.  Under  the  patronage  of  pai^ 
Uamcnt,  it  was  easy  for  needy  adventurers  to  buy  printed  calicoes,  because  they  conU 
raise  such  a  sum  by  drawbacks  upon  the  export  of  one  lot  as  would  go  far  to  pay  for 
another,  and  thus  carr>'  on  a  fraudulent  system  of  credit,  which  sooner  or  later  mmed 
in  a  disastrous  bankruptcy.  Meanwhile  the  goods  thus  obtained  were  pushed  off  lo 
some  foreign  markets,  for  which  they  were  possibly  not  suited,  or  where  they  produced, 
by  their  forced  sales,  a  depreciation  of  all  similar  merchandise,  ruinous  to  the  man  who 
meant  to  pay  for  his  u-ares. 

The  principles  of  calico-printing  have  been  very  profoundly  studied  by  many  of  the 
French  manufacturers,  who  generally  keep  a  chemist,  who  has  been  educated  in  the  Parisian 
schools  of  science,  constantly  at  work,  makinir  experiments  upon  colors  in  a  weU-monnted 
laborator}'.   In  that  belondng  to  M.  Daniel  Korchlin,  of  Mulhausen,  there  are  upwards 
of  3000  labelled  vials,  filled  with  chemical  reagents,  and  specimens  subservient  to  dyeing. 
The  great  disadvantage  under  which  the  French  printers  labor  is  the  higher  price  they 
pay  for  cotton  fabrics  above  that  paid  by  the  English  printers.   It  is  this  circumstance 
alone  which  prevents  them  from  becoming  very  formidable  rivals  to  us  in  the  markets  oT^ 
the  world.   M.  Barbet,  deputy  and  mayor  of  Rouen,  in  his  replies  to  the  ministeriaL-^ 
commission  of  inquiry,  rates  the  disadi'antnge  proceeding  from  that  cause  at  2  franca  pa 
piece,  or  about  5  per  cent,  in  value.   In  the  annual  report  of  the  Societi  InduttrUIk  ol^ 
Mulhausen,  mode  in  December,  1833,  the  number  of  pieces  printed  that  year  in  Altarr^ 
is  rated  at  720,000,  to  wliich  if  we  add  1,000.000  for  the  produce  of  the  department  of^ 
the  Lower  Seine,  and  280,000  for  that  of  St.  Quentin,  Lille,  and  the  rest  of  France,  wc^ 
shall  have  for  the  total  amount  of  this  manufacture  2,000,000  of  pieces,  equivalent  lo^ 
nearly  2,400,000  pieces  Knclish ;  for  the  French  piece  usually  measures  33)  annei^ 
=  41  yards  nearly ;  and  it  is  also  considerably  broader  than  the  English  pieces  npon^ 
an  average.   It  is  tlierefore  probable  that  the  home  consumption  of  France  in  printedtf 
goods  is  equal  in  quantity,  and  sui>erior  in  value,  to  that  of  England.   With  r^aitl  te^ 
the  comparative  skill  of  the  workmen  in  the  two  countries,  M.  Nicholas  Koechlin,  deputy^ 
of  the  Upper  Rhine,  says,  that  one  of  his  foremen,  who  worked  for  a  year  in  a  prinl— ^ 
field  in  Lancashire,  found  little  or  no  difference  between  them  in  that  respect.  TImP 
English  wages  are  considerably  higher  than  the  French.   The  machines  for  multiplyini^ 
production,  which  for  somo  time  gave  us  a  decided  advantage,  are  now  getting  into 
general  use  among  our  neighbors.   In  my  recent  visit  to  Mulhausen,  Rouen,  and  their 
environs,  I  had  an  opportunity  of  seeing  many  printing  estalilishments  mounted  with  cl^ 
the  reaourcet  of  the  most  refined  mechanisms. 


CALICO-PRINTING. 


291 


IW  aUec^printinv  of  this  eoaatry  ttill  labors  under  the  barden  of  consiilenible  taxes 
spOD  ladder  and  gaUipoU  oil,  wMch  have  counteracted  the  prosperity  of  oar  Turkey  red 
tijki  of  work,  and  caused  them  to  flonrlsh  at  Elberfeldt,  and  some  other  places  on  the 
QBtfiMBt  whither  a  good  deal  of  the  English  yarns  are  sent  to  be  dyed,  then  brought 
bMk,  ud  manufactured  into  ginghams,  checks,  or  forwarded  directly  thence  to  our 
Rasftiin  customers.  This  fact  places  our  fiscal  laws  in  the  same  odious  light  as  the  fa- 
cility (if  pirating  printers'  patterns  with  impunity  does  our  chancen-  laws. 

More  doth  can  receive  good  figured  impressions  its  surface  mu%i  be  freed  from  fibrous 
dovn  by  Sikgeing,  and  be  rendered  smooth  by  the  Calknpf.r.  See  these  articles.  They 
ire  nnt  bleached,  with  the  exception  of  those  destined  for  Turkey  red.  See  Bleaching 
ud  MiLDDxa.  AAer  they  are  bleached,  dried,  sincrod,  and  calendered,  they  are  lapped 
rouJ  ia  great  lencths  of  several  pieces,  stitched  endwise  tocrether,  by  means  of  an  appa- 
ntns  called  in  Manchester  a  candroy,  which  bears  on  its  front  edge  a  rounded  iron  bar, 
tiivTersely  grooved  to  the  right  and  left  from  the  centre,  so  as  to  spread  out  the  web  as 
it  H  drawn  over  it  by  the  rotation  of  the  lapping  roller.  See  a  figure  of  this  bar  sub- 
vrint  to  the  cylinder  printing-machine. 

Fear  different  methods  are  in  use  for  imprinting  fisnires  upon  calicoes :  the  first  is  by 
nadl  wooden  blocks,  on  whose  face  the  design  is  cut,  which  are  worked  by  hand ;  the  second 
if  by  larger  wood-cut  blocks,  placed  in  either  two  or  three  planes,  standinir  at  right  angles 
tB  nch  other,  called  a  Perrotine,  from  the  name  of  its  inventor ;  the  third  is  by  flat  copper 
phtes, a  method  now  almost. obsolete;  and  the  fourth  is  by  a  system  of  copper  cylinders, 
Bointed  in  a  frame  of  great  elegance,  but  no  little  complexity,  by  which  two,  three,  four, 
wctn  five  colon  may  be  printed  on  in  rapid  succession  by  the  mere  rotation  of  the  ma- 
ckiae  driven  by  the  agency  of  steam  or  water.  The  productive  powers  of  this  printing 
ntomatOB  are  very  great,  amountin&r  for  some  styles  to  n  piece  in  the  minute,  or  a  mile 
of  doth  in  the  hour.  The  fiflh  color  is  commonly  communicoted  by  means  of  what  is 
oDed  a  surface  cylinder,  covered  with  wooden  figures  in  bass-relief,  which,  by  rotation, 
•R  applied  to  a  plane  of  cloth  imbued  with  the  thickened  mordants. 

The  hand  bkicks  are  made  of  sycamore  or  pear-tree  wooi),  or  of  deal  facial  with  these 
aindi,  and  an*  from  two  to  three  inches  thick,  nine  or  ten  inches  long,  and  five  broad, 
viU  a  strong  box  handle  on  the  back  for  seizing  them  by.  The  face  of  the  block  is  either 
camd  in  relief  into  the  desirctl  desitrn,  like  an  ordinar)- wood-cut,  or  the  figure  is  formed 
by  the  insertion  edgewise  into  the  wood  of  narrow  slips  of  flattened  copper  wire.  These 
tin  filets,  being  filed  level  on  the  one  ctlge,  arc  cut  or  bent  into  the  proper  shape,  and 
fxved  into  the  wood  by  the  taps  of  a  hammer  at  the  traced  lines  of  the  confignration. 
TMr  upper  surfaces  are  now  filed  flat,  and  polished  into  one  horizontal  plane,  for  the 
Mlteof  eqoality  of  impression.  As  the  slips  are  of  equnl  thickness  in  th.:ir  whole  depth, 
fmm  havinff  been  marie  by  rnnnins:  the  wire  throush  l)etwcen  the  steel  cylinders  of  a 
dittin^  mill,  the  lines  of  the  figure,  however  much  they  cet  worn  by  use,  are  always 
vtmHj  broad  ns  at  first ;  an  advantage  which  does  not  belong  to  wood-cutting.  The 
iBlerrtices  between  the  ridges  thus  formed  arc  filleil  up  with  felt-stuff,  i^ometimes  a 
'Ifheate  part  of  the  design  is  made  by  the  wood-cutter,  and  the  rest  by  the  insertion  of 
copper  slips. 

The  cokirin?  matter,  properly  thickened,  is  spread  with  a  flat  brush,  by  a  child,  upon 
fae  wooUen  cloth,  stretched  in  a  frame  over  the  wax  cloth  head  of  a  wooden  drum  or 
line,  which  floats  invertetl  in  a  tubful  of  old  paste,  to  give  it  elastic  buoyancy.  The  in- 
(Trifd  sieve  drum  should  fit  the  paste  tub  pretty  cUiscly.  The  printer  presses  the  face 
^  the  block  on  the  drum  head,  so  as  to  take  up  the  requisite  quantity  of  color,  appliea 
it  to  the  surface  of  the  calico,  extended  upon  n  flat  table  covered  with  a  blanket,  and 
uea  rtrikcs  the  back  of  the  blr>rk  with  n  wooden  ninllrt,  in  order  to  transfer  the  imprc8« 
Ma  foDy  to  the  cloth.  This  is  a  delicate  operation,  re^iniring  equal  dexterity  and  dill- 
^VMc.  To  print  a  piece  of  clr>th  25  yards  long,  and  30  inches  broad,  no  less  than  672 
"PplieatioBs  of  a  block,  9  inches  long  and  5  inches  broad,  are  requisite  for  each  color; 
•0  that  if  there  are  three  colors,  or  three  hands  as  the  French  term  it,  no  less  than 
2016  applications  will  be  necessary.  The  blocks  have  pin-points  fixed  into  their  comers, 
^  Beans  of  which  they  are  adjusted  to  their  ])osilions  upon  the  cloth,  so  as  to  join  the 
<*jejil  parts  of  the  design  with  precision.  Kach  printer  has  a  color-tub  placed 
*ttia  reach  of  his  right  hand ;  and  for  every  different  color  he  must  have  a  separate 
■ine.  Many  manufacturers  cause  their  blocks  to  be  made  of  three  layers  of  wood,  two 
^thm  beinif  deal  with  the  grain  crossed  to  prevent  warping,  and  the  third  sycamore  for 
Waviag. 

The  printing  shop  is  an  oblong  apartment,  lighted  with  numerous  windows  at  each 
havini;  a  solid  table  opposite  to  each  window.   The  table  B^Jig.  231,  is  formed 
^^UttW  plank  of  well-seasoned  hard  wood,  mnhugnny,  or  mnrlile,  with  a  surface  truly 
lU  Irnicth  is  about  6  feet,  its  breadth  2  fL-et,'anfl  i\»  thickness  3,  -1,  or  5  inches, 
ttili  on  strong  feet,  with  its  top  about  36  inches  above  the  floor.   At  one  of  its 
*^  tee  are  two  bnckets  c  for  supporting  the  axles  of  the  roller  e,  which  carries  the 
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white  calico  to  be  printed.  The  hanging  rollers  e  are  laid  acroit  joisti  fixed  near  the  roof 
of  the  apartment  above  the  printinff  shop,  the  ceiling  and  fluor  between  them  beiiig  opcB 
bar  work,  at  least  in  the  middle  of  the  room.  Their  use  is  to  facilitate  the  ezposnfe^ 
and»  con«equently,  the  drying  of  the  printed  pieces,  and  to  prevent  one  figure  being  daoM 
by  another.  Should  they  come  to  be  all  fiUed,  the  remainder  of  the  goods  most  be  £olM 
lightly  upon  the  stool  d. 
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The  printer  stretches  a  length  of  the  piece  upon  his  table  a  b,  taking  cue  to  pbM 
the  selvage  towards  himself,  and  one  inch  from  the  edge.  He  presents  the  block 
towards  the  end,  to  determine  the  width  of  its  impression,  and  marks  this  line  A  b,  by 
means  of  his  square  and  tracing  point.  The  spreader  now  besmears  the  doth  with  the 
eolor,  at  the  commencement,  upon  both  sides  of  the  sieve  head ;  becanse,  if  not  nnifbmily 
applied,  the  block  will  take  it  up  unequally.  The  printer  seizes  the  bloek  in  his  right 
hand,  and  daubs  it  twice  in  different  directions  upon  the  sieve  cloth,  then  he  tmnsfeis  it 
to  the  calico  in  the  line  a  b,  as  indicated  by  the  fonr  points  a  b  e  corresponding  to 
the  four  pins  in  the  comers  of  the  block.  Having  done  so,  he  takes  another  daub  of 
the  color,  and  makes  the  points  a  b  fall  on  c  (2,  so  as  to  have  at  the  second  stamp 
a'  b',  covering  a  b  and  c' d' ;  and  so  on,  through  the  rest,  as  denoted  by  the  accented  let- 
ters. When  one  table  length  is  finished,  he  draws  the  cloth  along,  so  as  to  bring  a  new 
leni^  in  its  place. 

The  grounding-in,  or  re-entering  (retUrage),  of  the  other  colors  is  the  next  process. 
The  blocks  used  for  this  purpose  are  furnished  with  pin-points,  so  a4justed  that,  when 
they  are  made  to  coincide  with  the  pin-points  of  the  former  block,  the  design  will  be  cor- 
rect ;  that  U  to  say,  the  new  color  will  be  applied  in  its  due  place  upon  the  flower  or  other 
figure.  The  points  should  net  be  allowed  to  touch  the  white  cloth,  but  should  be  made  to 
i^l  upon  the  stem  of  a  leaf,  or  some  other  dark  spot.  These  nntragtt  are  of  fonr  sorts  :— 
1.  One  for  the  mordants,  as  above ;  2.  one  for  topical  colors ;  3.  one  for  the  application  oT 
reds;  and,  4.  one  for  Uie  application  of  resist  pastes  or  reserves.  These  styles  have:: 
superseded  the  old  practice  of  pencilling. 

The  Perrotine  is  a  machine  for  executing  block-printing  by  mechanical  power;  and- 
It  performs  as  much  work,  it  is  said,  as  20  expert  hands.   I  have  seen  its  operation^ 
many  factories  in  France  and  Belgium,  in  a  very  satisfactory  manner;  but  I  have^ 
reason  to  believe  that  there  arc  none  of  them  as  yet  in  this  country.   Three  woodei 
Uocks,  from  2i  to  3  feet  long,  according  to  the  breadth  of  the  cloth,  and  from  2  to  - 
Inches  broad,  faced  with  pear-tree  wood,  engraved  in  relief,  are  mounted  in  a  ixniiilui^M 
east-iron  frame  work,  with  their  planes  at  right  angles  to  each  other,  so  that  each 
of  them  may,  in  succession,  be  brought  to  bear  upon  the  face,  top,  and  back  of  i 
square  prism  of  iron  covered  with  cloth,  and  fitted  to  revolve  upon  an  axis  between  1~ 
said  blocks.   The  calico  passes  between  the  prism  and  the  engraved  blocks^  s 

receives  successive  impressions  from  them  as  it  is  successively  drawn  through  by  

winding  cylinder.   The  blocks  arc  pressed  against  the  calico  tiirough  the  agency  of  - 
springs,  which  imitate  the  elastic  pressure  of  the  workman's  hand.   Each  block  illuic^*^ 
m  coat  of  colored  paste  from  a  woollen  surface,  smeared  aAer  every  contact  with  a^^^ 
mechanical  brush.   One  man,  with  one  or  two  children  for  superintending  the  cdor — ^ 
giving  surfaces,  can  turn  ofi*  about  30  pieces  English  per  day,  in  three  colors,  whic' 
IS  the  work  of  fully  20  men  and  20  children  in  block  printing  by  hand.   It  exeeuti 
some  styles  of  work  to  which  the  cylinder  machine,  without  the  surface  roller,  i 
inidequate. 
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Tbe  eopper*plate  printing  of  calico  is  almost  exactly  the  same  as  that  nsod  for  printinf 
graTings  on  paper  from  flat  plates,  and  being  nearly  superseded  by  the  next  machme, 
ed  not  be  described. 

The  cylinder  printing  machine  consists,  as  its  name  imports,  of  an  enmTed  copper 
linder,  so  mounted  as  to  revolve  against  another  cylinder  lapped  in  wooUen  cloth,  and 
ibned  with  a  colored  paste,  from  which  it  derives  the  means  of  communicating 
^  colored  impressions  to  pieces  of  calico  passed  over  it.   Fig,  233 

^  *  Will  give  the  reader  a  general  idea  of  this  elegant  and  expe- 
ditious plan  of  printing.  The  pattern  is  engraved  upon  the 
surface  of  a  hollow  cylinder  of  copper,  or  sometimes  gun- 
metal,  and  the  cylinder  is  forced  by  pressure  upon  a  strong 
iron  mandrel,  which  serves  as  its  turning  shall.  To  facilitate 
the  transfer  of  the  impression  from  the  engraving  to  the  cotton 
cloth,  the  latter  is  lapped  round  another  large  cylinder,  rendered 
elastic  by  rolls  of  wooUen  cloth,  and  the  engraved  cylinder 
presses  the  calico  against  this  elastic  cushion,  and  thereby  prints 
it  as  it  revolves.  Let  a  be  the  engraved  cylinder  mounted  upon 
its  mandrel,  which  receives  rotatory  motion  by  wheels  on  its 
end,  connected  with  the  steam  or  water  power  of  tiie  factory. 
B  is  a  large  iron  drum  or  roller,  turning  in  bearings  of  the  end 
frames  of  the  machine.  Against  that  drum  the  engraved  cylin- 
der A  is  pressed  by  weights  or  screws ;  the  weights  acting  steadily^ 
lerers,  upon  its  brass  bearings.  Round  the  drum  b  the  endless  web  of  felt  or  blan- 
t  stuff  a  a,  travels  in  the  direction  of  the  arrow,  being  carried  round  along  with  the 
am  B,  which  again  is  turned  by  the  friction  of  contact  with  the  cylinder  a.  c  repr»- 
nU  a  clothed  wooden  roller,  partly  plunged  into  the  thickened  color  of  the  trough  d  d. 
Hit  roUer  is  also  made  to  b«ir,  with  a  moderate  force,  against  a,  and  thus  receives,  hf 
ction,  in  some  cases,  a  movement  of  rotation.  But  it  is  preferable  to  drive  the  roller  c 
MB  the  cylinder  A,  by  means  of  a  system  of  toothed  wheels  attached  to  their  ends,  so  that 
e  surface  speed  of  the  wooden  or  paste  roller  shall  be  somewhat  greater  than  that  of 
e  printing  cylinder,  whereby  the  color  will  be  rubbed,  as  it  were,  into  the  engraved 
Its  of  the  latter. 

As  the  cylinder  A  is  pressed  upwards  against  b,  it  is  obvious  that  the  bearers  of  the 
jagh  and  its  roller  must  be  attached  to  the  bearings  of  the  cylinder  a,  in  order  to 
eserve  its  contact  with  the  color-roller  c.  6  is  a  sharp-edged  ruler  of  gun-metal  or 
eel,  called  the  color  doctor,  screwed  between  two  gun-metal  stiffening  bars ;  the  edge 
'  which  wiper  is  slightly  pressed  as  a  tangent  upon  the  engraved  roller  A.  This  ruler 
brates  with  a  slow  motion  from  side  to  side,  or  right  to  left,  so  as  to  exercise  a  delicate 
laTing  action  upon  the  engraved  surface,  as  this  revolves  hn  the  direction  of  the  arrow, 
is  another  similar  sharp-edged  ruler,  caUed  the  lint  doctor,  whose  office  it  is  to  remove 
ij  fibres  which  may  have  come  ofl*  the  calico  in  the  act  of  printing,  and  which,  if  left 
I  the  engraved  cylinder,  would  be  ap^  to  occupy  some  of  the  lines,  or  at  least  to  prevent 
le  color  from  filling  them  all.  This  lint  doctor  is  pressed  very  slightly  upon  the  cylinder 
,  and  has  no  transverse  motion. 

What  was  stated  with  regard  to  the  bearers  of  the  color  trough  d,  namely,  that  they 
re  connected,  and  moved  up  and  down  together  with  the  bearings  of  the  cylinder  a,  may 
bo  be  said  of  the  bearers  of  the  two  doctors. 

The  working  of  this  beautiful  mechanism  may  now  be  easily  comprehended.  The 
reb  of  calico,  indicated  in  the  figure  by  the  letter  d,  is  introduced  or  carried  in  along 
rith  the  blanket  stuff  a  a,  in  the  direction  of  the  arrow,  and  is  moved  onward  by  the 
ressure  of  the  revolving  cylinder  a,  so  as  to  receive  the  impression  of  the  pattern  en- 
nvcd  on  that  cylinder. 

Before  proceeding  to  describe  the  more  complex  calico-machine  which  prints  upoa 
krth  3,  4,  or  5  colors  at  one  operation,  by  the  rotation  of  so  many  cylinders,  I  shall 
xplain  the  modem  methods  of  engraving  the  cylinder,  which  I  am  enabled  to  do  by  the 
Mrtesy  of  Mr.  Locket,  of  Manchester,  an  artist  of  great  ingenuity  in  this  department,  who 
^ditely  allowed  me  to  inspect  the  admirable  apparatus  and  arrangements  of  his  factory. 

To  engrave  a  copper  cylinder  3  or  4  inches  in  diameter,  and  from  30  to  36  inches  long, 
with  the  multitude  of  minute  figures  which  exist  in  many  patterns,  would  be  a  very 
kborious  and  expensive  operation.  The  happy  invention  made  by  Mr.  Jacob  Perkins, 
is  America,  for  transferring  engravings  from  one  surface  to  another  by  means  of  sted 
n&er  dies,  was  with  great  judgment  applied  by  Mr.  Locket  to  calico-printing,  so  long 
i|»  as  the  year  1808,  before  the  first  inventor  came  to  Europe  with  the  plan.  The 
¥*tteni  is  first  drawn  upon  a  scale  of  about  3  inches  square,  so  that  this  size  of  figure 
Wig  repeated  a  definite  number  of  times,  will  cover  the  cylinder.  This  pattern  is  next 
^i^CnKTed  in  intaglio  upon  a  roller  of  softened  steel,  about  1  inch  in  diameter,  and  3  inches 
^ii^fio  that  it  will  exactly  occupy  its  surface.   The  engraver  aids  his  eye  with  a 
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lens,  when  employed  at  this  delicate  work.  This  roller  is  hardened  by  heating  it  to  i 
cherry-red  in  an  iron  case  containing  pounded  bone-ash,  and  then  plunging  it  into  cold 
water ;  its  surface  being  protected  from  oxydizement  by  a  chalky  paste.  This  hardened 
roller  is  put  into  a  press  of  a  peculiar  construction,  where,  by  a  rotatory  pressnre,  it  trau 
fere  its  design  to  a  similar  roller  in  the  soft  state;  and  as  the  fonner  was  in  intaglio,  the 
latter  must  be  in  relievo.  This  second  roller  being  hardened,  and  placed  in  an  appro- 
priate Tolutory  press,  is  employed  to  engrave  by  indentation  upon  the  full-sized  copper 
cylinder  the  whole  of  its  intended  pattern,  llie  first  roller  engraved  by  hand  is  called 
the  die ;  the  second,  obtained  from  it  by  a  process  like  that  of  a  milling  tool,  is  ealled  the 
mill.  By  this  indentation  and  multiplication  system,  an  engraved  cj'linder  may  be  had  ibr 
seven  pounds,  which  engraved  by  hand  would  cost  fifty  or  upwards.  The  restoration  of 
a  worn-out  cylinder  becomes  extremely  easy  in  this  way ;  the  mill  being  preserved,  need 
merely  be  properly  rolled  over  the  copper  surfkce  again. 

At  other  times,  the  hard  roller  die  is  placed  in  the  upper  bed  of  a  screw  pressy  not  un- 
like that  for  coining,  while  the  horizontal  bed  below  is  made  to  move  upon  strong  rollen 
mounted  in  a  rectangular  iron  frame.  In  the  middle  of  that  bed  a  smooth  cake  or  flat 
disc  of  very  soft  iron,  about  1  inch  thick,  and  3  or  4  inches  in  diameter,  is  made  fait 
by  four  horizontal  adjusting  screws,  that  work  in  studs  of  the  bed  frame.  The  die  being 
now  brought  down  by  a  powerful  screw,  worked  by  toothed  wheel-work,  and  made  to 
press  with  force  upon  the  iron  cake,  the  bed  is  moved  backwards  and  forwnrds,  causint 
the  roller  to  revolve  on  its  axles  by  friction,  and  to  impart  its  design  to  the  cake.  This 
iron  disc  is  now  case-hardened  by  being  ignited  amidst  horn  shavings  in  a  box,  and  then 
suddenly  quenched  in  water,  when  it  becomes  itself  a  die  in  relievo.  This  disc  die  ii 
fixed  in  the  upper  part  of  a  screw  press  with  its  engraved  face  downwards,  yet  so  is  to  he 
moveable  horizonlally  by  Imverse  screws.  Beneath  this  inverted  bed,  sustained  at  its 
upper  surface  by  fricl ion-rollers,  a  copper  cylinder  30  inches  long,  or  thereby,  is  momnted 
horizontally  upon  a  strong  iron  mandrel,  furnished  with  toothed  wheels  at  one  of  its 
ends,  to  communicate  to  it  a  movement  upon  its  axis  through  any  aliquot  arcs  of  the 
circle.  Tlie  disc  die  being  now  brought  down  to  bear  upon  the  copper  cylinder,  this  is 
turned  round  through  an  arc  corresponding  in  length  to  the  length  of  the  die;  and  thos, 
by  the  steady  downward  pressure  of  the  screw,  combined  with  the  revolution  of  the  ey-  » 
linder,  the  transfer  of  the  engraving  is  made  in  intaglio.  This  is,  I  believe,  the  most  con- 
venient process  for  engraving,  by  transfer,  the  copper  of  a  one-c}'linder  machine.  But 
when  2,  3,  or  4  cylinders  are  to  be  engraved  with  the  same  pattern  for  a  two,  three,  or 
four-colored  machine,  the  die  and  the  mill  roller  plan  of  transfer  is  adopted.  In  this 
case,  the  linrdi'ued  roller  die  is  mounted  in  the  upper  bed  of  the  Irnnsfer  press,  in  such  a 
way  as  to  be  capable  of  rotation  round  its  axis,  and  a  similar  roller  of  softened  steel 
IS  similarly  placed  in  the  under  bed.  The  roUers  are  now  made  to  bear  on  each  other  by 
the  action  of  the  upper  screw,  and  while  in  hard  contact,  the  lower  one  is  caused  to  re- 
volve, which,  carrjinir  round  the  upper  by  friction,  receives  from  it  the  figured  impression 
in  relief.  When  cylinders  for  a  three-colored  machine  ore  wanted,  three  such  mills  are 
made  fac-similes  of  each  other;  and  the  prominent  parts  of  the  figure  which  belong  to 
the  other  two  copper  cylinders  are  filed  off  in  each  one  respectively.  Thus  three  differ- 
ently figured  wills  arc  very  readily  formed,  each  adapted  to  engrave  its  particular  figure 
upon  a  distinct  copper  cylinder. 

Some  copper  cylinders  for  peculiar  styles  are  not  graved  by  indentation,  as  just  de- 
scribed,  but  etched  by  n  diamond  point,  which  is  moved  by  mechanism  in  the  most  curiou» 
variety  of  configurations,  while  the  cylinder  slowly  revolves  in  a  horizontal  line  beneath  it.- 
The  result  is  extremely  beautiful,  but  it  would  require  a  very  elaborate  set  of  drawings  tt^ 
represent  the  machinery  by  which  Mr.  Locket  produces  it.  The  copper  is  covered  by  a  re- 
sist varnish  while  being  heatctl  by  the  transmission  of  steam  through  its  axis.  After  bein^" 
etched,  it  is  suspended  horizontally  by  the  ends,  for  about  five  minutes,  in  an  oblong  tnnigh»- 
charged  with  dilute  nitric  acid. 

With  regard  to  the  two  and  three-colored  machines,  we  must  observe,  that  as  the  caliec^ 
in  passing  between  the  cylinders  is  stretched  laterally  from  the  central  line  of  the  web,  tl» 
figures  engraved  upon  the  cylinders  must  be  proportionally  shortened,  in  their  lateral  di- 
mensions especially,  for  the  first  and  second  cylinder. 

Cylinder  printing,  though  a  iScotch  invention,  has  received  its  wonderful  develop- 
ment in  England,  and  does  the  greatest  honor  to  this  country.  The  economy  of 
labor  introduced  by  these  machines  is  truly  marvellous;  one  of  them,  under  the 
guidance  of  a  man  to  regulate  the  rollers,  and  the  service  of  a  boy,  to  supply  the 
color  troughs,  being  capable  of  printing  as  many  pieces  as  nearly  200  men  and  boyi 
could  do  with  blocks.  The  perfection  of  the  engraving  is  most  honorable  to  ow 
artisans.  The  French,  with  all  their  ingenuity  and  neat-handedness,  can  produce  nothing 
approaching  in  exceUence  to  the  engraved  cylinders  of  Manchester, — a  painful  admisncm, 
universally  made  to  me  by  every  eminent  manufacturer  in  Alsace,  whom  I  visited  in  my 
late  tour. 
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Another  modification  of  cylinder  printing,  is  that  with  wooden  rollers  cut  in  relief;  it 
if  oUed  tur/ace  priniingy  probably  hecaasc  the  thickened  color  is  applied  to  a  tense  sw^ 
TMeof  wuollen  cloth,  from  which  the  roller  takes  it  up  by  revolving  in  contact  with  the 
dstk.  When  the  copper  cylinders  and  the  wooden  ones  are  combined  in  one  apparatnSi 
ithu  got  the  appropriate  name  of  the  union  printing  machine. 

Ib  moanting  three  or  more  cylinders  in  one  frame,  many  more  adjustments  become  ne- 
eenvy  than  those  described  above.  The  first  and  most  important  is  that  whieh  ensures 
IW  correspondence  between  the  parts  of  the  figures  in  the  successive  printing  rollers,  for 
aoleu  those  of  the  second  and  subsequent  engraved  cylinders  be  accurately  inserted  into 
tbcir  respective  places,  a  confused  imttern  wonld  be  produced  upon  the  cloth  as  it  adTsn- 
ca  rov&d  the  pressure  cylinder  b.  Jigs.  233,  234. 

Each  cylinder  must  have  a  forward  adjuhtment  in  the  direction  of  rotation  round  its 
ui»,  so  as  to  bring  the  patterns  into  correspondence  with  each  other  in  the  length  of  the 
iwce;  and  also  a  lateral  or  traverse  adjustment  in  the  line  of  its  axis,  to  effect  the  corret- 
>o>dgacc  of  the  fi  en  res  across  the  piece ;  and  thus,  by  both  together,  each  cylinder  may 
b(  Mde  to  work  symmetrically  with  its  fellows. 

Fig,  234  is  a  cross  section  of  a  four- color  cylinder  machine,  by  which  the  working 
puis  are  clearly  illustrated. 

A  A  A  is  a  part  of  the  two  strong  iron  frames  or  cheeks,  in  which  the  various  zoUcn 
■re  mminted.   They  are  bound  together  by  the  rods  and  bolts  a  aa  a, 

t  is  the  large  iron  pressure  cylinder,  which  rests  with  its  gudgeons  iti  bearings  or  bnsh- 
ci,  vhieh  can  be  shiHed  up  and  down  in  slots  of  the  side  cheeks  a  a.  These  bushes  are 
mpended  from  powerful  screws  6,  which  turn  in  brass  nuts,  made  fast  to  the  top  of  the 
fitne  A,  as  is  plainly  shown  in  the  fiuure.  These  screws  serve  to  counteract  the  strong 
pvware  applied  beneath  ihnt  cylinder,  by  the  engraved  cylinders  d  e. 

cp  K  r  are  the  four  printing  cylinders,  named  in  the  order  of  their  operation.  They 
fwirt  of  strong  tubes  of  copper  or  gun-metal,  forcibly  thrust  by  a  screw  press  upon  the 
ifw  mandrels,  round  which  as  shaAs  they  revolve. 

Tie  first  and  last  cylinder  c  and  f  are  mounted  in  brass  bearings,  whidi  may  be  shifted 
i>  iKiraoatal  slots  of  the  frame  a.   The  pressure  roller  r.  against  whose  surface  they 
I  bcir  with  a  very  little  obliquity  downwards,  moy  be  nicely  adjusted  to  that  pressure  by  its 
Hmiiag  and  depressing  screws.   By  this  menus  c  and  r  can  be  adjusted  to  b  with  geo- 
■trieal  precision,  and  ma<le  to  press  it  in  truly  opposite  directions. 

The  bearing  of  the  C}Iindoi-s  n  and  i:  are  lodged  also  in  slots  of  the  frame  A,  which 
rwst  obliquely  upwards,  towards  the  centre  of  b.  Tlie  i)rrssure  of  these  two  print  cylin- 
>^uic«od  r  IS  produced  by  two  screws  c  and  d,  which  work  in  brass  nuls,  made  fast 
'0  the  frame  and  v*  i  y  vi.viblf*  in  the  figure.  The  fraine-woik  in  which  these  bearings  and 
*«w«are  placed,  l.a««  a  ciiivilincar  form,  in  ordeir  to  periuit  the  cylinders  to  be  readily 
incnxtd  ami  rrplaced ;  and  also  to  introduce  a  certain  dcLrcc  of  c]u>lic!ty.  Hence  the 
l^are  applifnl  to  the  cylinders  c  and  r,  partakes  of  the  nature  of  a  sprini; ;  a  circum- 
«tnft  meminl  to  their  woikingsmf^rfhly,  on  account  of  the  occasional  inequalities  in  the 
i^iiioes}*  of  the  felt  web  and  llie  coJico. 

The  prcssoie  upon  the  other  two  yt\v.I  cylinders  d  and  e  Is  produced  by  weighU  acting 
vith  levers  acatm^t  the  bearings.  I'he  benrincs  of  d  are,  at  each  of  their  ends,  acted 
«p»Bhy  eilindrical  rods,  which  slide  in  Ion;;  tubular  bosses  of  Ihe  frame,  and  press  with 
^  auts'g  at  their  under  end  ni^n  the  small  anns  of  two  strong  levers  g,  which  lie  on 
**cb  tide  of  the  machine,  and  who.^-e  fnlcrum  is  at  A  (in  the  lower  corner  at  the  left  hand). 
Tbeloag  arms  of  the*^  levers  c,  are  loaded  with  weights  ii,  whereby  they  are  made  to 
]*M  ip  aeainst  the  bearings  of  the  roller  d,  with  any  degree  of  force,  by  screwing  up 
tke  an  g ,  and  haocinir  on  the  requisite  v:cishts. 

The  manner  in  which  the  cylinder  f.  is  pressed  up  against  b,  is  by  a  similar  constroo- 
to  that  just  described.  With  each  of  its  bearings,  there  is  connected  by  the  link 
*nntd  lever  i,  whose  fulcrum  or  centre  of  motion  is  at  the  bolt  /.  To  the  outer  end 
^thii  levfT,  a  screw,  m,  is  attached,  which  presses  downwards  upon  the  link  n,  connect- 
ed viih  the  small  arm  of  the  strong  lever  k,  whose  centre  of  motion  is  at  o.  By  taming 
Uodfine  the  screw  tn,  the  weieht  l,  laid  u]>on  the  end  of  the  long  arm  of  the  lever  x  (of 
vftirh  there  is  one  upon  each  side  of  the  machine),  may  be  made  to  act  or  not  at  pleasnre 
Bpoa  the  bearings  of  the  cylinder  x. 

h  tracing  the  operation  of  this  exquisite  printing  machme,  we  shall  begin  with  the 
^  cana? ed  cylinder  c.  Its  bearings  or  bushes  shift,  as  was  ahready  stated,  in  slots  of 
^  friae  A.  Kach  of  them  consists  of  a  round  piece  of  iron,  to  which  the  end  of  the 
*M  e  ii  joined,  in  the  same  way  as  at  d,  in  the  opposite  skie.  In  each  of  these  iroii 
^(•riip,  A  eoncn? e  brass  is  inserted  to  support  the  collar  of  the  shaft,  and  in  a  dove- 
rik  of  this  brass,  a  slidini^  piece  is  fitted,  upon  which  a  set  or  adjusting  screw  in 
^  kin  benring  nets,  and  which,  being  forced  against  the  copper  cylinder  c,  serves  to 
■'jut  ^  line  of  its  nxis,  and  to  keep  it  steady  between  its  bearings,  and  true  in  its 
'^totaiy  Mion.   Upoa  the  iron  bearing  a  pkite  is  screwed,  provided  with  two  flnngety 
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which  sopport  the  odor  troagh  q,  and  the  color  xoUer  m.  This  tnmgfay  as  well  as  tW 
others  to  be  mentioned  presently^  is  n»de  of  sheet  copper  in  the  sides  and  bottom,  ui 
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fixed  npon  a  board ;  hut  its  ends  are  made  of  plates  of  cast  copper  or  g:iin-metal  to  serre 
as  bearings  to  the  color  roller  m.  The  trough  and  iv?  roller  may  be  shifted  both  together 
into  contact  with  the  printing  cylinder  c,  by  means  of  the  screw  r.  Near  *,  seen  above 
the  roller,  c,  and  t  below  it,  are  sections  of  the  two  doctors,  which  keep  the  engraved 
cylinders  in  sound  working  condition ;  the  former  being  tVe  colour  doctor,  and  the  latter 
the  lint  doctor.  Their  ends  lie  in  brasses,  which  may  be  adjusted  by  the  screws  *  and 
working  in  the  respective  brackets,  which  carry  their  brasscR,  and  are  made  fast  to  the 
iron  bearings  of  the  cylinder. 

The  pressure  of  the  color  doctor  is  produced  by  two  weights  if,  (see  high  np  on  tke 
frame  work,)  which  net  on  a  pair  of  small  levers  x,  (one  on  each  aide  of  the  maehioe)) 
and  thus,  by  means  of  the  chains,  tend  to  lift  the  arms  y,  attached  to  the  end  axles  of  the 
doctor.  The  pressure  of  the  lint  doctor  upon  the  cylinder  c,  is  performed  by  the  screw 
Zf  pressing  upon  an  arm  which  projects  downwards,  and  is  attached  to  the  axle  of  tbat 
doctor. 

The  bearings  of  the  second  printing  cylinder  d,  consist  at  each  end  of  a  man  of  if^ 
(removed  in  the  drawing  to  show  the  mechanism  below  it),  which  shiAs  in  the  ilantiii^ 
slot  of  the  frame  a.  In  each  of  these  masses  there  is  another  piece  of  iron,  which  lUdef 
in  the  transverse  direction,  and  may  be  shifled  by  the  adjusting  screw  a'  fixed  to  it,  sod 
working  in  a  nut  cast  upon  the  principal  bearing  above  described.  To  the  inner  besP 
ings,  which  carry  the  brasses  in  which  the  shaft  lies,  are  screwed  the  two  car?ed  sHV 
6"  6'  to  which  are  attached  the  bearings  &c.,  for  the  color  trough  and  the  doetois.  ^ 
these  brasses  there  are  also  dovetailed  pieces,  which  slide  and  are  pressed  by  set  sere** 
furnished  with  square  heads  in  the  iron  secondary  bearings,  which  serve,  as  before  saidyto 
adjust  the  printing  cylinder  in  the  line  of  its  axis,  while  other  screws  adjust  the  distss^* 
of  the  cloth  upon  which  the  second  color  is  printed,  and  the  line  of  contact  with  tk0 
cylinder  b. 

N,  is  the  color  roller  of  d,  and  d'  the  colot  trough,  which  rests  by  its  board  npon  th> 
km      whose  centres  of  motion/",  are  made  fast  to  the  curved  arms  b'f  fixed  at  ^ 
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carings  of  the  cylinder,  and  whose  ends  are  suspended  hy  screws  g;  wherehy  th«  color 
QUer  N,  may  be  pressed  with  greater  or  less  force  to  the  cylinder  o.  h*  and  i'  are  Uw 
wo  doctors  cf  this  cylinder ;  the  former  being  the  color,  tbe  latter  the  lint  doctor. 
?hey  rest,  as  was  said  of  the  cylinder  c,  in  brasses  which  are  adjustable  by  means  of 
crews,  that  work  in  the  studs  or  brackets  by  which  the  brasses  are  supported.  These 
frackeCs  must  of  course  be  screwed  to  the  secondary  bearing-pieces,  in  order  thait  they 
say  keep  their  position,  into  whatever  direction  the  bearings  may  be  shifted.  W  and  V 
xe  these  set  screws  for  the  color  and  lint  doctors.  The  pressure  of  the  former  upon  the 
ylinder  d,  is  produced  by  weights  m',  acting  upon  levers  n',  and  pressing  by  rods  or  linktf 
%  upon  arms  attached  to  each  end  of  the  axis  of  the  doctor.  (See  the  left  hand  side  of 
he  figure  near  the  bottom.)  The  lint-doctor  i'  is  pressed  in  a  similar  way  at  the  other 
ide  upon  the  cylinder  d,  by  the  weights  acu'ng  upon  levers  j/,  and  by  rods  ^  upon  arms 
zed  at  each  end  of  the  axis  of  the  doctor. 

The  bearings  of  the  third  printing  cylinder  k,  are  of  exactly  the  same  construction  as 
lat  above  described,  and  therefore  require  no  particular  detail  The  lint  doctor  is 
ere  pressed  upon  the  engraved  cylinder  by  screws  t\  working  in  the  ends  of  studs  or 
nns  fixed  upon  each  end  of  the  axis  of  the  doctor,  and  pressing  upon  flanges  cast  upon 
le  brackets  in  which  the  brasses  of  ihe  doctor's  axis  lie,  which  are  made  fast  to  the  bear- 
igs  of  the  cylinder  e. 

The  bearings  of  the  fourth  copper  cylinder  r,  are  also  construeted  in  a  similar  way, 
lach  consists  of  a  first  bearing,  to  which  is  joined  the  end  of  the  screw  rf,  by  which  it 
'  made  to  slide  in  a  slot  of  the  frame.  Another  bearing,  which  contains  the  brass  fbr 
le  shaft  of  the  cylinder,  can  be  shifted  up  and  down  in  a  transverse  direction  by  a  screw 

of  the  second  bearing,  working  in  a  nut  cast  upon  the  first  bearing.  To  this  secondary 
earini?,  plates  arc  made  fast  by  the  screws  v'  v  to  the  inside,  to  carry  the  studs  w 
rackets  of  the  doctors  x  and  y'.  In  the  brasses  of  the  cylinder  shaft,  dovetailed  pieces 
re  made  to  slide,  being  prossfd  by  set  screws  ir',  against  the  engraved  cylinder  r,  similar 
>  what  has  been  described  for  adjusting  the  cylinders  to  one  another.  This  cylinder  has 
0  separate  color  roHer,  nor  trough,  properly  speaking,  but  the  color  doctor  y'  is  made 
»eave  to  serve  the  purpose  of  a  trough  in  supplying  the  engraved  lines  of  the  cylinder 
ilh  color.  With  this  view  the  top  plate  of  the  doctor  is  curved  to  contain  the  colored 
aste,  and  it  is  shut  up  at  the  ends  by  pieces  of  wood  made  to  fit  the  curvature  of  the  doctor. 
s  pressure  ai^inst  the  engraved  surface  is  produced  by  weights  o",  acting  at  the  ends 
r  arms  b  ",  attached  to  the  ends  of  the  axis  of  the  doctor.  The  pressure  of  the  lint 
>ctor  jf  is  given  by  screws  c",  working  in  arms  attached  to  the  ends  of  the  axis  of  the 
ictor,  and  pressing  upon  the  flanges  d'\  cast  upon  the  brackets  which  carry  the  brasses 
ir  the  axis  of  the  doctor.  These  brasses  are  themselves  adjustable,  like  those  of  all  the 
;her  cy  linders,  by  set  screws  in  the  brackets,  which  work  in  the  nuts  formed  in  the 
rasses. 

t"  e".  is  the  endless  web  of  felt  stuff  which  goes  round  the  cylinder  b,  and  constitutes 
le  iHift  elastic  surface  upon  which  the  printing  cylinders  c,  d,  e,  and  f  exercise  their 
■essure.  This  endless  felt  is  passed  over  a  set  of  rollers  at  a  certain  distance  from  the 
aehine,  to  give  opportunity  for  the  drying  up  of  any  coloring  paste  which  it  may 
ive  imbibed  from  the  calico  in  the  course  of  the  impressions.  In  its  return  to  the  ma- 
une  in  the  direction  of  the  arrow,  it  is  led  over  a  guide  roller  o,  which  is  thereby  made 
» revolre.  Upon  the  two  ends  of  this,  and  outside  of  the  bearings  which  are  fbced  upon 
le  tops  of  the  frame  a,  are  two  eccentrics,  one  of  which  serves  to  give  a  vibratory  trap 
erse  movement  to  the  color  -  doctors  h\  and  of  the  three'  cylinders,  c,  d,  and  z, 
rhUst  the  other  causes  the  color  doctor  of  the  cylinder  f,  to  make  lateral  vibra- 
ions. 

q  is  one  of  a  pair  of  cast-iron  brackets,  screwed  on  at  the  back  of  the  side-frames  or 
h^s  A  A,  to  carry  the  roller  filled  with  white  calico  r,  ready  for  the  printing  operations. 
Jpon  the  end  of  the  shaft  whereon  the  calico  is  coiled,  a  pulley  is  fixed,  over  which  a 
upe  passes  suspending  a  weight  in  order  to  produce  friction,  and  thereby  resistance  to 
ke  action  which  tends  to  unwind  the  calico.  In  winding  it  upon  that  and  similar 
nAos,  the  cab'co  is  smoothed  and  expanded  iA  breadth  by  being  passed  over  one  or 
more  grooved  rods,  or  over  a  wooden  bar  s,  fig,  235,  the  surface 
ni  tf  1 1  Hill  1 1  of  which  is  covered  with  wire,  so  as  to  have  the  appearance  of  a 
\\Y\Wy  / /////    united  right  and  left-handed  screw.   By  this  device,  the  calico, 

\\\\\"f  1 1 1 1 1     folded  or  creased  at  any  part,  is  stretched  laterally  from  the 

tk         8  centre,  and  made  level.   It  then  passes  over  the  guide-roller 

S  there  it  comes  upon  the  surface  of  the  felt  tf'  €\  and  thence  proceeds  under  its  guid- 
telo  the  series  of  printing  cylinders. 

Tkree  and  four-color  machines,  similar  to  the  above,  are  now  at  work  in  many  es- 
^HaWnents  in  Lancashire,  which  wOl  turn  ofif  a  piece  of  28  yards  per  minute,  eadh  of 
^daee  or  four  cylinders  applying  its  peculiar  part  of  the  pattern  to  the  doth  as  it 
Mei  ikng^  by  ceaseless  rotation  of  the  unwearied  wheels.  At  this  rate,  the  astonishing 
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length  of  one  mile  of  many-colored  web  is  printed  witn  elegant  flowers  and  other 
llgnres  in  an  hour.  AV^en  we  call  to  mind  how  much  knowledge  and  skill  are  ioTolved 
In  this  process,  we  may  (airly  consider  it  as  the  greatest  achierement  of  chemical  and 
mechanical  science. 

Before  entering  upon  the  different  styles  of  work  which  constitute  calico-printing,  I 
shall  treat,  in  the  first  place,  of  what  is  common  to  them  aD,  namdy,  the  thidEening  d 
the  mordants  and  colors.  ThiB  is  an  operation  of  the  greatest  importance  towards  the 
successful  practice  of  the  art.  Several  circumstances  may  require  Uie  consistence  of  thf 
thickening  to  be  Taried ;  such  as  tht  nature  of  the  mordant,  its  density,  and  iu  acidity. 
A  strong  acid  mordant  cannot  be  easily  thickened  with  starch ;  but  it  may  be  by  roasted 
starch,  vulgarly  called  British  gum,  and  by  gum  arabic  or  Senegal.  Some  mofdanls 
which  seem  sufficiently  inspissated  with  staich,  liquefy  in  the  course  of  a  few  days,  and^ 
being  apt  to  run  in  the  prmting-on,  make  bk>tted  work.   In  France,  this  evil  is  feadi|| 

obviated  by  adding  one  ounce  of  spiriu  of  irine  to  half  a  gallon  of  color  a  rascdy 

which  the  English  excise  duties  render  too  costly. 

The  very  same  mordant,  when  inspissated  to  different  degrees,  produces  diffemt  tml^ 
in  the  dye-copper— a  difference  due  to  the  incretsed  bulk  from  the  thickening  sabstaMe; 
thus,  the  same  mordant,  thickened  with  starch,  fumishes  a  darker  shade  than  when 
thickened  with  gum.  Yet  there  are  circumstances  in  which  the  latter  is  preferred,  be- 
cause it  communicates  more  transparency  to  the  dyes,  and  because,  in  spite  of  the  wash- 
ing, more  or  less  of  the  starch  always  sticks  to  the  mordant.  The  gam  has  tkt 
inconvenience,  however,  of  drying  too  speedily,  and  of  also  increasing  too  mudi  the 
volume  of  the  mordants ;  by  both  of  which  causes  it  obstructs  their  combination  with  tht 
stuff,  and  the  tints  become  thin  or  scratchy. 

The  substances  generally  employed  as  thickeners  are  the  foUowiag :  

1.  Wheat  starch. 

2.  Flour. 

3.  Roasted  starch. 

4.  Gum  Senegal. 

5.  Gum  tragacanth. 

6.  Salep. 

7.  Pipe-clay,  mixed  with  gum  Senegal. 

8.  Sulphate  of  lead. 

9.  Sugar. 

10.  Molasses. 

11.  Glue. 

AAer  thickening  with  p^m,  wc  ought  to  avoid  adding  metallic  solutions  in  the  Hfpai 
state;  such  as  nitrate  of  iron,  of  copper,  solutions  of  tin,  of  subacctate  of  lead,  tc.; 
as  they  possess  the  property  of  coagulating  gum.  I  shall  take  care  to  specify  the  nitore 
and  proportion  of  thickening  to  be  employed  for  each  color ;  a  most  important  mitter, 
hitherto  neglected  by  English  writers  upon  calico-printing. 

The  atmosphere  of  the  printing  shops  should  never  be  allowed  to  cool  under  65^  or 
70°  F. ;  and  it  should  be  heated  by  proper  stoves  in  cold  weather,  but  not  rendered  too 
dry.  The  temperature  and  moisture  should  therefore  both  be  regulated  with  the  aid  of 
thermometers  and  hydrometers,  as  they  exercise  a  great  influence  upon  aJQ  the  printiog 
processes,  and  especially  upon  the  combination  of  the  mordant  with  the  cloth.  In  tbe 
course  of  the  desiccation,  a  portion  of  the  acetic  acid  evaporates  with  the  water,  and  sob* 
acetates  are  formed,  which  combine  with  the  stuff  in  proportion  as  the  solvent  principle 
escapes ;  the  water,  as  it  evaporates,  carries  off  acetic  acid  with  it,  and  thereby  ai^  tbe 
fixation  of  bases.  These  remarks  are  peculiarly  appropriate  to  delicate  impressioiif  ^ 
'the  cylinder  machine,  where  the  printing  and  drying  are  both  rapidly  effected.  In  tke 
lapis  lazuli  style,  the  strong  mordants  are  apt  to  produce  patches,  being  thickened  vri^ 
pipe-day  and  gum,  which  obstruct  the  evaporation  of  the  acids.  They  are  therefore  spt 
to  remain,  and  to  dissolve  a  portion  of  the  mordants  at  their  immersion  in  the  blue  ^ 
or  at  any  rate  in  the  dnng  bath.  In  such  a  case,  a  hot  and  humid  air  is  indispenssbk, 
after  the  application  of  the  mordants,  and  sometimes  the  stuffs  so  impregnated  must  be 
suspended  in  a  damp  chamber.  To  prevent  the  resist  pastes  becoming  rapidly  croi^i 
substances  apparently  useless  are  mixed  with  them,  but  which  act  beneficially  by  tbor 
hygrometric  qualities,  in  retarding  the  desiccation.  Oil  also  is  sometimes  added  witb 
that  view. 

It  is  of\en  observed  that  goods  printed  upon  the  same  day,  and  with  the  same  moidtf>^ 
exhibit  inequalities  in  their  tints.  Sometimes  the  color  is  strong  and  decided  in 
part  of  the  piece,  whfle  it  is  dull  and  meager  in  another.  The  latter  has  been  prists 
in  too  dry  an  atmosphere.  In  such  circumstances  a  neutral  mordant  answers  best,  esp^ 
eudly  if  the  goods  be  dried  in  a  hot  flue,  through  which  humid  vapors  are  in  eonstaftt 
circulation. 

In  padding,  where  the  whole  surface  of  the  calico  is  imbued  with  mordant,  the  dtj^ 
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apartment  or  flae,  in  which  a  great  many  pieces  are  exposed  at  once^  should  he  so  con- 
stnieted  as  to  afford  a  ready  onUet  to  the  aqaeous  and  acid  exhalations.  The  ck^h  ought 
to  be  introduced  into  it  in  a  distended  state ;  because  the  acetic  acid  may  accumulate  in 
the  foldings,  and  dissolve  out  the  earthy  or  metallic  base  of  the  mordant,  causing  white 
and  gray  spots  in  such  parts  of  the  printed  goods.  Fans  may  be  emj^oyed  with  great  ad- 
vantage, combined  with  Hot  Flues.    (See  this  article.) 

In  die  eolor  laboratory,  all  the  decoctions  requisite  for  the  print  work  should  be  ready 
prepared.  They  are  best  made  by  a  steam  heat,  by  means  of  copper  boilers  of  a  eylin^ 
drie  form,  rounded  at  the  bottom,  and  incased  within  a  cast-iron  cylinder,  the  steam  being 
snpfdied  to  the  space  between  the  two  vessels,  and  the  dye-stuff  and  water  being  intro- 
duced into  the  interior  one,  which  for  some  delicate  purposes  may  be  made  of  tin,  or  cop- 
per tinned  inside.  A  range  of  such  steam  apparatus  should  be  placed  either  along  one  of 
the  tide  walls,  or  in  the  middle  line  of  the  laboratory.  Proper  tables,  drawers,  Tialiy 
with  chemical  reagents,  measures,  balances,  &c.,  should  also  he  provided.  The  most  nse- 
fnl  dye-extracts  are  the  following : — 

Deeo^ion  of  logwood,  of  Brazil-wood,  of  Persian  berries,  of  quercitron  baric,  of  nut- 
KiIIb,  of  oM  fustic,  of  archil  or  cutbear,  of  cochineal,  of  cochineal  with  ammonia,  of 
catechu. 

The  following  mordants  should  also  be  kept  ready  prepared : — 

1.  Aluminous  mordant. 

Take  50  gallons  of  boiling  water. 

100  lbs.  of  alum. 

10  lbs.  of  soda  crystals. 

75  lbs.  of  acetate  of  lead. 
The  soda  should  be  added  slowly  to  the  solulion  of  the  alum  in  the  water,  and  when 
the  eflervescence  is  finished,  the  pulverized  acetate  of  lead  is  put  in  and  well  stirred  about 
till  it  be  all  dissolved  and  decomposed.  During  the  cooling,  the  mixture  should  be  raked 
up  a  few  times,  and  then  allowed  to  settle.  The  supernatant  liquor  is  the  mordant ;  it  has 
a  density  of  IP  or  111°  Baume.  It  serves  for  reds  and  pinks,  and  enters  into  the  com- 
position of  puce  and  lilach. 

2.  Aluminous  mordant. 
Take  50  gallons  of  water. 

100  Ibs^  of  alum. 

10  lbs.  of  soda  crystals. 

100  lbs.  of  acetate  of  lead ; — operate  as  above  directed. 
The  supernatant  liquor  here  has  a  density  of  12°  Baum^ ;  it  is  employed  for  lapis  resists 
or  reserves,  and  the  cylinder  printing  of  madder  reds. 

3.  Aluminous  mordant. 
Take  50  gallons  of  water. 

100  lbs  of  alum. 

6  lbs.  of  soda  crystals. 

50  lbs.  of  acetate  of  lead  ;--opcrate  as  above  directed. 
This  mordant  is  employed  for  uniform  yellow  grounds. 

4.  Aluminous  mordant. 

This  is  made  by  adding  potash  to  a  solution  of  alum,  till  its  earth  begins  to  be  sepanu 
ted,  then  boiling  the  mixture  to  precipitate  the  subsulph'ate  of  alumina,  which  is  to  be 
strained  upon  a  filter,  and  dissolved  in  acetic  acid  of  moderate  strength  with  the  aid  of 
kMt.    This  mordant  is  very  rich  in  alumina,  and  mariu  20°  B. 

5.  Aluminous  mordant. 
Take  12|  ^lons  of  water. 

100  lbs.  of  alum. 

130  lbs.  of  liquid  pyrolignite  of  lime  at  111°  Baum^. 
This  mordant  is  made  with  heat  like  the  first ;  after  cooling,  some  alum  crystallizei, 
•ad  it  marks  only  12}°  B. 
A  mordant  is  made  by  solution  of  alum  in  potash,  commonly  called — 
0.  Aluminate  of  potash.   The  caustic  ley  is  prepared  by  boiling  together  for  an  hoar 
iOO  f^ons  of  water,  200  lbs.  of  potash,  and  80  lbs.  of  quicklime ;  the  mixture  is  then 
tHowed  to  settle,  the  supernatant  liquor  is  decanted,  and  evaporated  till  its  density  be  35^ 
B.  In  30  gallons  of  that  ley  at  a  boiling  heat,  100  lbs.  of  ground  alum  are  to  be  dissolved. 
On  cooling,  crystals  of  sulphate  of  potash  separate.  The  clear  liquor  is  to  be  decanted  oS, 
%ad  the  crystals  being  washed  with  a  little  water,  this  is  to  be  added  to  the  ley.  About 
^  gallons  of  mordant  should  be  obtained. 

Mordant  for  Black. 

The  pyrolignite  of  iron,  called  iron  liquor  in  this  country,  is  the  only  mordant  used  in 
dlko-printing  for  black,  violet,  puce,  and  brown  colors.  The  acetate  of  alumina,  pre- 
Xsared  firom  pyroligneous  acid,  is  much  used  by  the  calico-printers  under  the  name  of  red  or 
^-eflow  liquor,  being  employed  for  these  dyes. 
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We  may  obseire  that  a  iitrong  mordant,  like  No.  2,  docs  not  keep  ao  well  as  one  of 
mean  denalty,  such  as  No.  1.  Too  much  mordant  rdatirclf  to  the  demands  of  the  mb 
should  therdbre  not  be  made  at  a  tune. 

There  are  eight  different  styles  of  calico-printing,  each  requiring  different  methods  of 
manipolation,  and  peculiar  processes. 

1.  The  madder  style,  to  which  the  best  chintses  belong,  in  which  the  mordants  are  sp- 
|ilied  to  the  white  cloth  with  many  precautions,  and  the  colors  arc  afterwards  hrooght  «p 
m  the  dye-bath.   These  constitute  permanent  prints. 

2.  The  padding  or  plaquage  style,  in  which  the  whole  surface  of  the  calico  is  imbned  with 
a  mordant,  upon  which  aflerwards  different  colored  fignres  nwy  be  raised,  by  the  topicsl 
application  of  other  mordants  joined  to  the  action  of  the  dye-hath. 

3.  The  reser\'e  style,  where  the  white  cloth  is  impressed  with  figures  in  resist  pastt, 
and  is  aAerward  subjected  first  to  a  cold  dye,  as  the  indigo  vat,  and  then  to  a  hot  dje- 
hath,  with  the  effect  of  producing  while  or  colored  spots  upon  a  blue  ground. 

4.  The  discharge  or  ronf^eanf  style,  in  which  thickened  acidulous  matter,  either  pare  or 
mixed  with  mordants,  is  imprinted  in  certain  points  upon  the  cloth,  which  is  anenmdft 
padded  with  a  dark-colored  mordant,  and  then  dyed,  with  the  effect  of  showing  lvig|hft 
figures  on  a  darkish  ground. 

5.  China  blues;  a  style  resembling  blue  stone-ware,  which  requires  very  peealiar 
treatment. 

6.  The  decoloring  or  enlevage  style;  by  the  topical  application  of  chlorine  or  ehramie 
acid  to  dyed  goods.   This  is  somciimes  called  a  discharge. 

7.  Steam  colors;  a  style  in  which  a  mixture  of  dye  extracts  and  mordants  is  topkal- 
ly  applied  to  calico,  while  the  chemical  reaction  which  fixes  the  colors  to  the  fibre  is  pro- 
duced by  steam. 

8.  Spirit  colors;  produced  by  a  mixture  of  dye  extracts,  and  solution  of  tin,  Tulgari^ 
called  spirit  by  dyers.   These  colors  are  brilliant  but  fugitive. 

I.  The  madder  style ;  called  by  some  dip  colors.  The  true  chints  patterns  belonff  to  it  s 
they  have  from  5  to  7  colors,  several  of  which  arc  grouoded-in  after  the  first  dye  hmM 
been  given  in  the  madder  bath. 

In  dyeing  with  madder,  sumach,  fustic,  or  quercitron,  is  sometimes  added  lo  the  taaUsy 
in  order  to  produce  a  variety  of  tints  with  the  various  mordants  at  one  operation. 

1.  Suppose  we  wish  to  produce  flowers  or  figures  of  any  kind  containing  red,  pnrplr* 
and  black  colors,  we  may  apply  the  throe  mordants  at  once,  by  the  three-color  cylinider 
machine,  putting  into  the  fir^t  t^ou^h  acetate  of  alumina  thickened;  into  the  second,  ace^ 
tate  of  iron ;  and  into  the  third,  a  mixture  of  the  two ;  then  drying  in  the  air  for  a  fe^ 
days  to  fix  the  iron,  duncing  and  dyeing  up  in  a  bath  of  madder  and  sumach.  IT  we  wiil*> 
to  procure  the  fine$<t  madder  reds  and  pinks,  besides  the  purple  and  black,  wc  must  appljT 
at  first  only  the  acetate  of  alumina  of  two  densities,  by  two  cylinders,  dr}*,  dung,  and  dy^ 
up,  in  a  madder  bath.  The  mordants  of  iron  lifiuor  for  the  black,  and  of  iron  liqaoT' 
mixed  with  the  aluminous  for  purple,  must  be  now  grounded-in  by  blocks,  taking  care  to 
insert  these  monlants  into  their  precijie  $]K>ts :  the  goods  being  then  dried  with  airing  for* 
several  days,  and  next  dunged,  arc  dyed  up  in  n  bath  of  madder  and  sumach.  They  mnsC 
be  aAerwards  cleared  by  brannini?.    See  Bran,  DrNciNc,  and  Madder. 

2.  Suppose  we  wish  to  produce  yellow  with  red,  pink,  purple,  and  black ;  in  this  cas9 
the  second  dye-bath  should  contain  quercitron  or  fustic,  and  the  spots  intended  to  be  yd" 
low  should  receive  the  ncetnie  of  alumina  mordant. 

3.  The  mordant  for  a  full  red  may  lie  acetate  of  alumina,  of  spec.  gray.  l'035,thicken«fi 
with  starch,  and  tinged  with  Brazil-wood  ;  that  for  a  pale  red  or  pink,  the  same  at  spec* 
gravity  1 -014,  thickened  with  gum;  that  for  a  middling  red,  the  same  at  spec.  gravitT 
1*027,  thickened  with  Britiiih  s;um ;  and  for  distinction's  sake,  it  may  be  tinged  yeUow 
with  Persian  berries.  The  mordant  for  black  is  a  pyroligneous  acetate  of  iron,  of  specific 
gravity  1*04;  for  purple  the  samn,  diluted  with  six  times  its  volume  of  water;  for 
chocolate,  that  iron  liquor  mixed  with  acetate  of  alumina,  in  various  proportions  accord- 
ing to  the  shade  wanted.  Sumach  is  mixed  with  the  madder  for  all  these  colors  except  ibr 
the  purple.  The  quantity  of  madder  required  varies  according  to  the  body  of  color  to  be 
put  upon  the  doth,  being  from  one  pound  per  piece  to  three  or  even  four.  The  goods- 
must  be  entered  when  the  copper  is  cool,  be  gradually  heated  during  two  or  three  lioua» 
up  to  ebullition,  and  sometimes  boiled  for  a  quarter  of  an  hour ;  the  pieces  being  all  Ihe 
while  turned  with  a  wince  from  the  one  side  of  the  copper  to  the  other.  (See  Wihcb.) 
They  are  then  washed  and  boiled  in  bran  and  water  for  ten  or  fifteen  minutes.  When 
there  is  much  white  ground  in  the  chints,  they  must  be  branned  a  second  or  even  a  third 
time,  with  alternate  washing  in  the  dash-wheel.  To  complete  the  purification  of  the  white, 
they  are  spread  upon  the  grass  for  n  few  days ;  or  what  is  more  expeditious,  and  equally 
good  if  delicately  manag^,  they  are  winced  for  a  few  minutes  in  a  weak  soluiioa  of 
chloiide  of  lime. 

4.  In  the  gronnding-in  for  yellow,  after  madder  reds,  the  aluminous  nxxdant  bete 
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tpplird,  5cc.,  the  piece  is  dyed,  for  about  nn  hour,  with  one  pound  of  quercitron  bark, 
IbeiaruMon  being  sradually  heated  to  150°  or  160°,  but  not  higher. 

5.  A  yellow  is  sometimes  applied  in  chints  work  after  the  other  colors  are  dyed,  hj 
MtM  (if  a  decoction  of  Persian  berries  mixed  with  the  aluminous  mordant,  thickened 
with  floor  or  cum,  and  printed-on  with  the  block;  the  piece,  when  dry,  is  passed 
Iknwh  a  weak  caibonated  alkaline  water,  or  lime  water,  then  washed  and  dried  for 
the  Darket. 

6.  Black  mordant. — ^Toke  half  a  callon  of  acetate  of  iron,  of  spec.  grav.  1-04, 4  ounces 
cf  ftarch,  and  4  ounces  of  flour.  The  starch  must  first  be  moistened  with  the  acetate, 
Iha  the  flour  must  be  added,  the  rest  of  the  acetate  well  mixed  with  both,  and  the 
whole  made  to  boil  over  a  brisk  Are  fur  Ave  minutes,  stirring  meanwhile  to  prevent  adhe- 
■M  to  the  bottom  of  the  pot.  The  color  must  be  poured  into  an  earthen  pipkin,  and 
wtU  mixed  with  half  an  ounce  of  callipoli  oil.  In  general,  all  the  mordants,  thickened 
with  itarch  and  flour,  must  be  boiled  for  a  few  minutes.  With  British  gum  or  eomunoB 
in,  they  must  be  heated  to  160°  F.,  or  thereby,  for  the  purpose  merely  of  diflsolving 
IhcB.  The  latter  should  be  passed  through  a  sieve  to  separate  the  impurities  oAea 
|RMt  in  common  eum. 

7.  Putt  mordant, — Take  a  quart  of  acetate  of  alumina  and  acetate  of  iron,  each  of 
ip«»  pav.  1*04,  mixed  and  thickened  like  the  black.  No.  6.  To  give  the  pnce  a  reddiak 
tiigc^tbe  acetate  of  alumina  should  have  a  specific  gravity  of  1*048,  and  the  iron  liqnor 
Mly  1-007. 

Ked  mordants  are  thickened  with  British  gum,  and  are  sufficiently  colored  with  the 
•Utioe  of  any  tinging  decoction. 

ft.  Violet  mordant: — The{>e  consist  either  of  a  veiy  weak  solution  of  acetate  of  iron, 
cfipecific  gravity  1*007,  for  exnmplc;  or  of  a  little  of  the  stronger  acetate  of  1*04, 
■bed  with  acetate  of  alumina,  and  a  little  acetate  of  copper,  thickened  with  starch  or 
British  Rom.  The  shades  may  be  indefinitely  varied  by  varying  the  proportions  of  the 
iMitcs. 

When  black  is  ona  of  the  colors  wanted,  its  mordant  is  very  commonly  printed-on 
intyind  the  goods  are  then  hunt;  upon  poles  in  the  drying-room,  where  they  are  aired 
•  few  days,  in  order  to  fix  the  iron  by  its  peroxydizement ;  the  mordants  for  red, 
violet,  4c,  are  then  grounded  in,  and  the  pieces  are  dyed  up,  aAer  dunging  and 
VMhiag,  in  the  nmdder  bath,  into  which,  for  certain  shades,  sumach,  galls,  or  fustic  if 
>Mel  The  goods  are  briuhtened  with  a  boil  in  soap  water;  occasionally  also  in  a 
Nh,  eootainine  a  small  quantity  of  solution  of  tin  or  common  salt.  The  following 
■ode  of  brightening  is  much  extolled  by  the  I'rench,  who  are  famous  for  their  reds 
■■dram. 

1«  A  snap  boU  of  forty  minutes,  at  the  rate  of  1  pound  for  every  2  pieces.  Rinse  in 
deir  water. 

t  PiM  through  chloride  of  soda  solution  of  such  strength  that  two  parts  of  it  decolor 
Me  part  of  Gay  Lussac's  test  liquor.  See  Chloride  or  Lime  and  Indigo.  Wince  the 
fieeei  through  it  for  40  minutes.    Rinse  acoin. 

3.  Pass  it  again  throush  the  soap  bath,  No.  1. 

i  Brighten  it  in  a  large  bath  of  boiling  water,  containing  4  pounds  of  soap,  and 
1  Poaod  of  a  cream-consistenced  salt  of  tin,  containing  nearly  half  its  weight  of  the 
■viMe  of  tin,  combined  with  as  much  nitric  acid  of  spec.  grav.  1*288.  This  strong 
■itRMDuriate  having  been  diluted  with  a  little  water,  is  to  be  slowly  ponred  into  the  bath 

Mp  water,  and  well  mixed  by  stirrini;.  The  pieces  are  now  put  in,  and  wineed 
ll^Ch  it  for  one  half  or  three  quarters  of  on  hour. 

S.  Repeat  the  soap  boil.  No.  1.   Rinse  and  dry. 

1  Gfrnrnding-in  of  Indii^  blue, 

IUk  half  a  gallon  of  water  of  120°  F.,  8  ounces  of  ground  indigo,  and  8  ounces 
snlphnret  of  arsenic  (orpiment),  8  ounces  of  quicklime,  mix  together,  and  heat 
^■ixture  to  the  boiling  point;  withdraw  from  the  fire,  and  add,  when  it  is  Inkewarm, 
i  Maces  of  carbonate  of  soda,  stir  and  leave  the  whole  at  rest  till  the  next  day.  Thea 
dtciBt  the  clear  liquor,  and  thicken  every  quart  of  it  with  half  a  pound  of  gum.  This 
■lor  oaght  to  be  green,  and  be  preserved  in  a  close  vessel.  When  used,  it  is  put  into  a 
^  with  a  narrow  orifice,  the  pencil  is  dipped  into  it,  wiped  on  the  edge  of  the  pot,  and 
(■Mediately  applied  by  hand.   This  plan  is  tedious,  and  is  nearly  superseded  by  the  fol- 


lUte  half  a  gallon  of  caustic  soda  ley  of  spec.  grav.  1*15,  heated  to  120°  F. 
IS  oaaees  of  hydrate  of  protoxyde  of  tin,  obtained  by  precipiUting  it  Oom  the  muriate 
^  Us  by  solution  of  potash. 

8  oaaees  of  ground  indigo ;  heat  these  mixed  ingredients  to  the  boiling  point,  them 
■Mc  the  pot  off  and  on  the  fire  two  or  three  times  in  succession,  and  finally  thicken 
with  S  pounds  of  raw  sugar.  In  order  to  apply  this  by  the  Mock,  the  following  ap» 
Mis  is  cmfdored,  called  the  eamcau  frame ;  figt,  236, 237.  It  is  farmed  of  a  eopper 
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ease  or  box  a,  in  which  is  laid  a  frame  «,  filled  with  preUy  stout  euivass.  The  bos 
eommaoicates  by  a  tube  with  the  cistern  c,  mounted  with  a  stop-eock  d.  Fig,  231 
xepretents  the  apparatus  in  plan  :  a,  the  box ;  f,  the  eanyas9,  with  its  ed:^  •  a  •  a, 
fixied  by  pin  points  to  the  sides.  The  color  is  feared  (tire),  or  spread  eren,  with  a 
wooden  scraper  as  broad  as  the  canvass.  In  workin;^  with  this  apparatus,  the  cokv 
being  contained  in  the  vessel  c  is  drawn  off  into  the  case  a,  by  opening  the  stop-coek  d, 
tin  it  rises  to  the  level  of  the  canvass.  The  instant  before  the  printer  daubs  the  btock 
upon  the  canvass,  the  iearer  (tireur),  boy  or  girl,  runs  the  scraper  across  it  to  renew  its 
snrface ;  and  the  printer  immediately  transfers  the  color  to  the  cloth.  In  this  kind  td 
printing  great  skill  is  required  to  give  evenly  impressions.  As  the  blue  is  usually  applied 
to  somewhat  large  designs,  it  is  very  apt  to  run ;  an  inconvenience  connteracted  by  dart- 
ing fine  dry  sand  upon  the  cloth  as  soon  as  it  is  blocked.  The  goods  must  be  washed 
within  24  hours  aAer  being  printed. 

10.  Topical  grounding  blue  for  the  cylinder  prut. 
Take  3|  gallons  of  caustic  soda  ley  of  spec.  grav.  1*15. 

3|  lbs.  of  ground  indigo. 

6  lbs.  of  precipitated  protoxyde  of  tin  (as  above). 

Boil  the  mixed  ingredients  fur  ten  minutes,  take  them  from  the  fire,  and  add,  fn^ 
3  lbs.  of  Venice  turpentine ;  then  1 1  lbs.  of  gum. 

Put  this  mixture  into  the  color  trough,  print  with  it,  and  afler  two  days  wash  in  the 
dash-wheel ;  then  pass  it  throuch  a  soap-bath,  along  with  a  little  soda,  to  brighten  the 
blue,  and  to  take  off  its  srayish  tint. 

The  use  of  the  turpentine  is  easily  explained :  it  serves  to  exclude  the  atmospheiical 
oxygen,  and  prevent  the  regeneration  of  the  indigo  blue,  before  it  is  spread  upon  the 
ekyth. 

AAer  the  application  to  white  calico  of  a  similar  blue,  into  which  a  little  acid  muriate 
of  tin  has  been  put,  the  coods  are  dipped  for  ten  minutes  in  thin  milk  of  lime,  shaking 
the  frame  all  the  time.  They  are  then  washed,  and  cleared  with  a  soap  boil.  The  fol- 
lowing  color  remains  long  in  the  dcoxydized  state  from  its  containing  8  ounces  of  indigo, 
10  ounces  of  hydrated  protoxyde  of  tin,  ami  1^  pounds  of  solution  of  muriate  of  tin,  to  2 
quarts  of  soda  ley  of  1*15,  thickened  with  2h  pounds  of  gum.  This  blue  may  be  applied 
by  either  the  block  or  the  cylinder. 

11.  Topical  Prussian  blue  for  grounding. 

2  quarts  of  water  with  8  ounces  of  starch  are  to  be  mixed  and  boiled ;  add  2}  ounces 
of  a  liquid  Prussian  blue  color,  prepared  by  triturating  three  quarters  of  an  ounce  of  thaK 
pigment  with  as  much  muriatic  acid,  leaving  the  ingredients  to  react  upon  each  other  foK 
24  hours,  and  then  adding  three  quarters  of  an  ounce  of  water. 

Add  4  ounces  of  liquid  perchloride  of  tin  (oxymuriate\ 

Mix  all  together,  and  pass  through  a  scarce.    This  color  is  not  very  fast ;  cloth  printi 
with  it  will  bear  only  rinsing. 

12.  Prussian  blue  figures  are  impressed  as  follows : — 

Dissolve  8  ounces  of  sulphate  of  iron,  and  as  much  acetate  of  lead,  separately  in  ST 
quarts  of  boiling  water ;  mix  well,  and  settle.  Take  one  qtfart  of  this  clear  liquor  re^^9 
dneed  to  spec.  grav.  1-02,  one  quart  of  mucilage  containing  3  pounds  of  gum,  colored  witt-^- 
a  little  prussinte  of  potash,  mix  into  a  mordant,  and  print  it  on  with  the  cylinder.  Tw»  a*a 
days  afterwards  wash  in  tepid  water  containing  a  little  chalk,  and  then  pass  the  dotf^^^ 
through  a  solution  of  prussiate  of  potash  in  water,  sharpened  with  a  little  muriatic  aci^v^ 
till  it  takes  the  desired  hue.    Finally  rin«e. 

II.  The  padding  or  plaquage,  style,  called  foulard  also  by  the  French.    See  Padding.* 

Any  mordant  whatever,  such  as  the  acetates  of  alumina,  or  of  iron,  or  their  mixturP^K^ 
may  be  applied  to  the  piece  by  the  padding  machine,  aAer  which  it  is  dried  in  the  Hua> 
FLUE,  washed,  dunged,  dyed,  washed,  and  brightened. 

Colors  from  metallic  oxydes  are  very  elegantly  applied  by  the  padding  process.  ThW-^cd 
the  iron  buff,  the  manganese  bronze,  and  the  chrome  yellows  and  greens  are  given. 

1.  Iron  buff  or  chamois. 
Take  50  gallons  of  boiling  water ; 

150  pounds  of  sulphate  of  iron ;  dissolve  along  with 
10  pounds  of  alum ;  which  partly  saturate  by  the  gradual  addition  of 
5  pounds  of  crystals  of  soda;  and  in  this  mixture  dissolve 
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50  pounds  of  pyroligaeous  acetate  of  lead.  Allow  the  whole  to  settle,  aad  draw  off  the 
clear  supernatant  liquid. 

For  fomiture  prints  this  bath  should  have  the  spec.  grav.  1*07. 

The  calico  being  padded  in  it,  is  to  be  dried  in  the  hot-Aue ;  and  aflcr  48  hoars  suspen- 
sion is  to  be  washed  in  water  at  170^  containing  some  chalk,  by  the  wince  apparatus.  It 
is  then  washed,  by  the  same  apparatus,  in  hot  water,  containing  a  pailful  of  soda  ley  of 
spec.  grav.  1*04. 

For  light  tints  the  padding  liquor  should  be  reduced  to  the  spec.  grav.  1*01.  The 
dye  in  either  case  may  be  brightened  by  wincing  through  a  weak  solution  of  chloride  of 
liiiie. 

Nitrate  of  iron  diffused  through  a  body  of  water  may  be  also  used  for  podding,  with 
alternate  washings  in  water,  and  a  final  wincing  in  a  weak  alkaline  ley. 
With  a  stronger  solution,  similar  to  the  first,  the  boot-top  color  is  given. 

2.  The  bronze  or  solitaire. 

The  goods  are  to  be  padded  in  a  solution  of  the  sulphate  or  muriate  of  manganese,  of 
a  strength  proportional  to  the  shade  desired,  dried  in  the  hot-flue,  and  then  raised  by 
wincing  them  in  a  boiling-hot  caustic  ley,  of  spec.  grav.  1*08,  and  next  through  a  weak 
tolntioa  of  chloride  of  lime,  or  soda.  They  are  aflerwanls  rinsed.  Instead  of  passing 
them  through  the  chloride,  they  may  be  merely  exposed  to  the  air  till  the  manganese  it- 
tracts  oxygen,  then  rinsed  and  dried. 

When  the  manganese  solution  has  the  density  of  1*027,  it  gives  a  light  shade;  at  the 
density  of  1-06,  a  shade  of  moderate  depth,  and  at  1*12  a  dark  tint. 

The  texture  of  the  stuff  is  apt  to  be  injured  during  the  oxydation  of  the  manganese. 

3.  CarnvtlVt,  is  obtained  by  padding  in  a  mixture  of  muriate  or  sulphate  of  manganese 
and  acetate  of  iron,  then  proceeding  as  above. 

4.  Copper  grun  is  given  by  padding  in  a  mixed  solution  of  sulphate  and  acetate  of 
copper  with  a  little  glue,  drying  in  the  hot-flue,  and  next  day  padding  in  a  caustic  ley  of 
spec  grav.  1*05.  The  goods  are  then  rinsed,  and  padded  through  a  solution  made  with  8 
ounces  of  arsenions  acid  combined  with  4  ounces  of  potash  diluted  with  2  gallons  of  wa- 
ter.  They  are  finally  rinsed  and  dried. 

5.  Olive  and  cinnamon  colors  are  given  by  padding  through  mixed  solutions  of  the 
acetate  of  iron  and  sulphate  of  cupper ;  drying,  and  padding  in  a  caustic  ley  of  spec, 
grav.  1-05. 

6.  Green  and  toHtaire  form  a  pleasing  umber,  or  hellebore  shade,  which  may  be  ob- 
tained by  padding  through  a  mixed  solution  of  manganese  and  aceto-sulphate  of  copper, 
and  raising  the  shades  as  above  prescribed. 

7.  Chrome  yellow. 

Pad  in  a  solution  of  bichromate  of  potash  containing  8  ounces  of  it  to  the  gallon  of  wa- 
ter ;  then  dry  with  moderate  heat,  and  pad  in  a  solution  of  acetate  or  nitrate  of  lead,  con- 
taining 6  or  8  ounces  in  the  gallon  of  water ;  wash,  and  dry.  Or  we  may  pad  first  in  a 
solution  of  acetate  of  lead  containing  a  little  glue ;  dry,  and  pad  in  solution  of  bichro- 
mate of  potash.  Then  rinse.  The  last  process  is  apt  to  occasion  cloudiness.  To  obtain 
^  light  lemon  tint,  we  must  pad  in  a  solution  of  acetate  of  lead  of  double  the  above 
strength,  or  16  ounces  to  the  gallon,  then  wince  the  pieces  through  weak  milk  of  lime, 
iinse,  paid  through  bichromate  of  potash,  rinse  and  dry. 

8.  Chrome  orange. 

Pad  through  a  mixed  solution  of  the  subacetate  and  acetate  of  lead,  three  times  in  suc- 
cession, and  dry  in  the  hot-flue ;  then  wince  for  ten  minutes  through  weak  milk  of  lime: 
^ose  ;  wince  for  a  quarter  of  an  hour  in  a  warm  solution  of  bichromate  of  potash ;  and 
Anally  raise  the  color  by  wincing  the  goods  through  hot  lime-water. 

9.  Prusfian  blue. 

Pad  in  the  preceding  chamois  liquor  of  the  spec.  grav.  1*007;  dry  in  the  hot-flue; 
'Prince  well  in  chalky  water  at  160°  F.,  and  then  dye  by  wincing  in  the  following 
liquor : — 

l>issolve  5  ounces  of  prussiate  of  potash,  in  25  gallons  of  water  heated  to  90^  or  100^, 
adding  2  ounces  of  sulphuric  acid;  afterwords  rinse,  and  brighten  in  a  very  dilute  sulphu- 
"•^ic  acid. 

10.  Green  is  given  by  padding  goods,  previously  dyed  in  the  indigo  vat,  in  a  solution  of 
acetate  of  lead  containing  a  little  glue ;  and  then  padding  them  in  a  warm  solution  of 
^^Mchromate  of  potash ;  finally  rinsing  and  drying. 

TIT.  Resist  pastes  or  reserves ;  these  are  subservient  to  the  cold  indigo  vat,  and  they 
%iay  be  distributed  under  four  heads;  1.  fat  reserves;  2.  reserves  with  bases  of  metaUie 
saUs;  3.  colored  reserves  capable  of  assuming  different  tints  in  the  dyeing;  4.  resenres 
^ith  mordants,  for  the  cloth  to  be  afterwards  subjected  to  a  dyeing  bath,  whereby  variously 
«Qk>red  figures  are  brought  up  on  a  blue  ground,  so  as  to  resemble  the  mineral  eaUed 
Uxfdiie;  whence  the  name  lapie  or  lapis  lazuli. 

1.  The  fatty  resists  are  employed  in  the  printing  of  silk ;  which  see  ti|^ 
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2.  With  r^ard  to  reserves  the  following  general  obterratinu  may  be  made.  After 
printing-on  the  paste,  the  goods  mast  be  hungup  in  a  chamber,  rather  homid  than  too  dry, 
and  leA  there  for  a  certain  time,  more  or  less,  according  to  the  natnre  of  the  raserre.  In 
dipping  them  into  the  blue  vat,  if  the  reserve  be  too  dry,  it  is  apt  to  swell,  scale  oS,  ud 
▼itiate  the  pattern.  This  accident  is  liable  to  happen  also  when  the  vat  is  defieieat  in 
lime,  especially  with  deep  blues. 

1.  Simple  whiie  retist  paste  for  a  full  body  of  blue. 
Take  1  gfdlon  of  water,  in  which  are  to  be  dissolved, 

1  pound  of  binacetate  of  copper  (distilled  verdigris),  and  3  lbs.  of  snlphate  cf 
copper. 

This  solution  is  to  be  thickened  with 

2  lbs.  of  gum  Senegal,  1  lb.  of  British  gum,  and  4  lbs.  of  pipe-day;  adding  after- 
wards, 2  ounces  of  nitrate  of  copper — as  a  deliquescent  substance. 

2.  miite  reserve  for  light  blues. 
Ttke  1  gallon  of  water,  in  which  dissolve 

4  ounces  of  binacetate  of  copper, 

1  lb.  of  sulphate  of  copper ;  and  thicken  this  solution  with 

2  lbs.  of  gum  Senegal,  1  lb.  of  British  gum,  and  4  lbs.  of  pipe-day. 

3.  White  reserve  for  the  cylindar  machine. 
Take  ]|  gallons  of  water;  in  which  dissolve 

2|  11^.  of  binacetate  of  copper, 

10  lbs.  of  sulphate  of  copper ;  and  add  to  the  solution 

6  lbs.  of  acetate  of  lead ;  then  thicken  with 

10  lbs.  of  gum ;  adding  aAcrwards  10  lbs.  of  sulphate  of  lead. 
AAer  printing-on  this  reserve,  the  goods  are  to  be  hung  up  for  two  days,  then  dipped 
till  the  proper  blue  tint  be  obtained.   Finally  they  must  be  winced  through  dilate  wai^^'^ 
ric  acid  to  clear  up  the  white,  by  removing  the  cupreous  tinge. 

3.  Colored  reserves. 

1.  Chamois  reserve. 

Tdce  1  gallon  of  the  chamois  bath  (No.  1,  page  232,  at  bottom) ;  to  which  add 

8  ounces  of  nitrate  of  copper, 

24  ditto  of  muriate  of  zinc ;  thicken  with  • 

6  pounds  of  pipe-clay,  and  3  pounds  of  gum  Senegal. 
AAer  printing-on  this  paste,  the  goods  must  be  hung  op  for  five  or  six  days  in  a  iOBe^ 
what  damp  room.   Then  aHer  having  dipped  them  in  the  vat,  they  are  to  be  tteeped  im^ 
water  for  half  an  hour,  and  slightly  washed.  Next  wince  for  half  an  hour,  throiq^  water 
at  100°  F.  containing  2  pounds  of  soda  cry  stals  per  30  gallons.   Rinse  and  dry. 

2.  Chrome  yellow  reserve. 

Take  1  gallon  of  water ;  in  which  dissolve 

3  lbs.  of  nitrate  of  lead, 

1  lb.  of  binacetate  of  copper ;  to  the  solution,  add 

\  lb.  of  subacetate  of  lead ;  and  thicken  the  mixed  solution  with 

3  lbs.  of  gum. 

6  lbs.  of  pipe-clay.    Grind  all  the  ingredients  together,  and  pass  throogh  a  searoe. 

AAer  treating  the  goods  as  in  No.  1,  they  must  be  winced  for  haif  an  hoar  in  a  aolntioo 
containing  5  ounces  of  bichromate  of  potash,  per  piece  of  calico,  and  also  in  a  dilate 
muriatic  bath,  till  the  chrome  yellow  becomes  sufficiently  bright. 

A  chrome  orange  reserve  may  be  made  by  introducing  a  larger  proportion  of  anbacetate 
of  lead,  and  passing  the  reserv  e  printed  goods  through  weak  milk  of  lime,  as  already  pre- 
scribed for  produdng  an  orange  by  chrome. 

The  basis  of  the  resist  pastes  used  at  Manchester  is  sometimes  of  more  complex  eom- 
position  than  the  above ;  since,  according  to  the  private  information  I  recdved  from  an 
extensive  calico  printer,  they  contain  china  clay  (instead  of  pipe-day,  which  often  eon- 
tains  iron),  strong  solution  of  sulphate  of  copper,  oil,  tallow,  and  soap;  the  whole  incorpo- 
rated by  trituration  with  heat. 

In  the  Lancashire  print-works,  a  little  tartaric  acid  is  added  to  the  nitrate  of  lead, 
which  prevents  the  color  from  taking  a  dingy  cast. 

4.  Renrves  with  mordants,  or  the  lazulite  style. 
1.  Black  upon  a  blue  ground. 

At  Manchester  the  black  pattern  is  printed-on  with  a  mixture  of  iron  liquor  and  extract 
of  logwood,  and  the  resist  paste  by  the  cylinder  machine ;  in  France  the  black  is  given 
by  the  following  recipe : — 

Take  1  gallon  of  decoction  of  galls  of  spec.  grav.  1*04,  mixed  and  boQed  into  a  paste  with 
14  ounces  of  flour ;  into  the  paste,  when  nearly  cold,  there  are  added, 
8  ounces  of  an  acetated  peroxyde  of  iron,  made  by  adding  1  lb.  acetate  of  lead  to  3 

lbs.  of  nitrate  of  iron,  spec.  grav.  1*56. 
I  ounce  of  gallipoli  oil. 
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Hub  topieal  Uadc  lorms  a  fast  color,  and  resists  the  fioe  blae  Tat,  weak  potash  Itj, 

dinnaate  of  potash,  boiling  milk  of  lime,  dnaging,  and  maddering. 

The  preceding  answers  best  for  the  block ;  the  following  for  the  cylinder, — 

8.  Take  1  gallon  decoction  of  galls  of  spec.  gray.  1"056. 

18  ounces  of  flour,  mix,  boil  into  a  paste,  to  which,  when  cool,  add 
8  ooncpsof  the  aceto  nitiate  of  iron  of  the  preceding  formnla,  and 

1  quart  of  iron  liquor  of  spec.  grav.  1*110. 

In  Lancashire  a  little  prussiate  of  potash  is  sometimes  added  to  nitrate  of  iron  and 
eoction  of  logwood ;  and  the  goods  are  aAer  washing,  9lc,  finished  by  passing  through 
weak  solution  of  bichromate  of  potash.  The  chromic  acid  gives  depth  and  permanence 
the  Uack  dye,  being  supposed  to  impart  oxygen  to  the  iron,  while  it  does  not  affect 
y  of  the  other  colors  ihat  may  happen  to  be  impressed  upon  the  clotli,  as  solution  of 
loride  of  lime  would  be  apt  to  do.  The  solution  of  the  bichromate  deepens  the  spirit 
rples  into  blacks,  and  therefore  with  such  delicate  dyes  becomes  a  very  valuable  appli- 
tion.  This  interesting  fact  was  communicated  to  me  by  an  eminent  calico-printer  in 
incashire. 

Having  premised  the  composition  of  the  topical  black  dye,  we  are  now  prepared  to 
ply  it  in  the  lazulite  style. 

1.  Blade  rtsUt. 

jLe  1  gallon  of  the  above  black  without  the  flour, 

2  ounces  of  sulphate  of  copper, 

1  ounce  of  muriate  of  ammonia,  dissolve  and  thicken  with 
4  pounds  of  pipe-day  and  2  pounds  of  gum. 

Another  good  formula  is  the  following : — 
ike  1  gallon  of  iron  liquor  of  1*056  spec.  grav.  $  dissolve  in  it, 

2  ounces  of  binacetate  of  copper, 

8  ounces  of  sulphate  of  copper;  and  thicken  as  just  described.^ 

2.  Puce  rutrvt  paste,  contains  acetate  of  alumina  mixed  with  the  iron  liquor. 

3.  FmU  ltd  reserve, 

Jce  1  gallon  of  acetate  of  alumina,  (made  with  50  gallons  water,  100  lbs.  alum,  10  Ibt. 
soda  crystals,  and  100  lbs.  acetate  of  lead ;  the  supernatant  liquid  being  of  spee. 
grav.  1*085 ;)  dissolve  m  it 
4  ounces  of  corrosive  sublimate ;  thicken  with 

2  pounds  of  gum  senega], 

4  pounds  of  pipe-clay,  and  mix  in  8  ounces  of  gallipoli  oil. 
I,  Riervi  paste /or  a  light  red, 

ke  1  gallon  of  the  weaker  sulpho-acetate  of  alumina  formerly  prescribed ;  dissolve  in  it 

4  ounces  of  corrosive  sublimate ;  and  thicken  with 

4  pounds  of  pipe-day,  and  2  pounds  of  gum ;  adding  to  the  mixture 

8  ounces  of  oil. 
5.  Neutral  resist  paste, 
ke  1  gallon  of  water ;  in  which  dissolve, 

3|  lbs.  of  binarseniate  of  potash,  and 

12  ounces  of  corrosive  sublimate ;  thicken  with 

3  lbs.  of  gum,  and  6  lbs.  of  pipe-clay,  adding  to  the  paste  16  ounces  of  oil. 
5.  Carmelite  reserve  paste, 

Jce  1  half  gallon  of  acetate  of  alumina,  spec.  grav.  1*014;  (see  second  aluminous  mor- 
dant, p.  230.) 

1  half  gallon  iron  liquor  of  spec.  grav.  1*027 ;  dissolve  in  them 

4  ounces  of  sulphate  of  copper,  4  ounces  of  verdigris,  and  1  otmce  of  nitrate  of  cop- 
per; thicken  with 

2  Iba.  of  gum, 

4  lbs.  of  pipe-day. 
7*  Neutral  reserve  paste. 
ike  1  gallon  of  water ;  dissolve  in  it, 

44  ounces  of  binarseniate  of  potash,  and 

12  ounces  of  corrosive  sublimate ;  thicken  with 

3  lbs.  of  gum, 

6  lbs.  of  pipe-clay, 
16  oz.  of  oil. 

7o  explain  fully  the  manipulation  of  the  lazulite  style,  we  shall  suppose  that  the  eali- 
^  are  printed  with  the  following  reserves,  taken  in  their  order : — 

1.  Black  reserve.       No.  1.  above. 

2.  Full  red  reserve.     No.  3. 

3.  Light  red  reserve.  No.  4. 

4.  Neutral  reserve.     No.  7. 

days  aAer  printing-on  these  reserves,  the  goods  must  be  twlee  dipped  in  the  blae 
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,  ten  minates  in  and  ten  minates  oat  each  time  {  Init  mora  dipt  nay  be  giTcn  M 
;  to  the  desired  depth  of  the  shade.   The  cloth  most  be  tftcnraidt  rimed  ia  ral 

Iter  for  half  an  hour.  The  next  process  is  to  remove  the  piste ;  whieh  u  done  bj ' 
g  the  goods  in  a  bran  bath,  lowered  to  150°,  daring  twenty  minates.  They  are 
inced  for  five  minutes  in  a  bath  of  water  slightly  sharpened  with  vinegar.  When 

leansed  they  are  ready  for  the  madder  bath.   Tlie  lapu  goods  are  finally  cleared 

irah  bath,  by  exposare  on  the  frrass,  and  a  soap  boil. 
The  lazalite  style  is  sasceptible  of  maoy  modifications. 

8.  Deep  blue  gromnd,  with  light  bine,  cannelite,  and  white  fignres. 

1.  Print-on  the  white  reserve,  No.  1. 

2.  Dip  in  the  strongest  blue  vat ;  rinse  and  dry. 

3.  Ground-in  with  the  block,  the  cannelite  reserve  (containing  the  mixed  ace 
of  iron  and  alumina.) 

4.  Groand-in  the  neutral  reserve. 

5.  Dip  for  the  light  blue ;  rinse. 

6.  Dung,  dye,  and  clear,  as  above. 

By  varying  the  proportions  of  the  r^rve  mordants,  and  the  dye-stofib,  as  ma 
quercitron,  &c.  a  great  variety  of  eflfects  may  be  produced. 

9.  Deep  green  ground^  with  buff  and  white  figures. 

1.  Print-on  the  white  reserve. 

2.  Dip  in  the  blue  vat ;  rinse  and  dry, 

3.  Pad  in  the  buff  liquor,  as  formerly  prescribed. 

4.  Ground  in  upon  the  buff  spots,  the  discharge  No.  2,  presently  to  be  describe 

5.  Wash  away  the  paste  in  chalky  water. 

6.  Wince  through  a  boiling  alkaline  ley,  to  raise  the  buff  iron  color. 
rV.  The  Discharge  ttyle ;  firnty  of  simple  discharges. 

1.  Discharge  for  bloac  printing. 

Take  1  gallon  of  lemon  or  lime-juice,  of  spec.  grav.  ]'09,  in  which  dissolve 
1  pound  of  tartaric  acid, 

1  pound  of  oxalic  acid,  and  thicken  the  solution  with 

4  pounds  of  pipe  or  china  clay,  and  2  pounds  of  pulverized  gnm ;  as  toon  i 
gam  is  dissolved,  the  mixture  must  be  put  through  a  scarce. 

2.  Another  discharge  is  mode  of  half  the  above  acid  strength. 

3.  A  third  with  one  hedf  of  the  solid  acids  of  the  second. 

4.  Take  1  gallon  of  water,  in  which  dissolve  with  heat 

1  pound  of  cream  of  tartar,  addins,  to  facilitate  the  solution, 
1  pound  of  warm  sulphuric  acid  of  spec.  grav.  1*7674 ;  aAer  24  hours  mix 
4  lbs.  of  pipe  or  China  clay,  and  three  lbs.  of  Rum,  with  the  decanted  clear 
In  some  cases  British  ^um  is  used  alone,  as  a  thickener. 

5.  Discharge  for  the  cylinder  machine. 

Take  1  gallon  of  lime-juice,  of  spec.  grav.  1-083;  dissolve  in  it 

3  pounds  of  tartaric  acid,  and  one  pound  of  oxalic  acid ;  thicken  with 
6  pounds  of  gum  Senegal,  or  5  pounds  of  British  gum. 

6.  7.  A  stronger  and  weaker  discharge  is  made  of  the  same  materials ;  and  on 

without  the  tartaric  acid. 

Second;  combination  of  discharges  with  mordants. 

1.  Black,  red,  Ulach,  and  vhite  figures  upon  an  olive  ground. 

The  olive  being  given  in  a  madder  bath,  and  the  ground  well  whitened  (see 
the  cloth  is  padded  in  a  weak  bnff  mordant ;  and  upon  the  parts  that  are  to  reo 
the  weakest  simple  discharge  No.  3  is  printcd-on  by  the  cylinder ;  (in  some  wo 
charge  paste  is  applied  and  made  dr}'  before  padding  through  the  iron  liquor; 
are  cleared  of  the  paste  in  a  tepid  chalky  water,  then  dyed  in  a  quercitron  ba 
ing  a  little  glue,  and  cleared  in  a  bmn  bath. 

Discharge  mordants  upmi  mordants  may  be  regarded  as  a  beautiful  modific 
preceding  style.  Example, 

Jl  violet  f^round  or  impression,  with  red  and  v^hite. 

1.  Pad  with  an  acetate  of  iron  of  1*004;  or  print-on  with  the  cylinder,  i' 
1*027  thickened  with  British  cum. 

2.  Print-on  a  red  mordant,  sironely  acidulated  with  lime-juice  of  1'226. 

3.  Ground  in  the  discharge  No.  2 ;  dry.  ■ 

4.  Clear  off  the  paste  in  chalky  water. 
6.  Dung,  madder,  and  brighten. 

6.  Ground-in  the  topical  colors  at  pleasure. 
V.  China  blues. 

Take  16  pounds  of  coarsely  ground  indigo,  and 

4  pounds  of  sulphuret  of  arsenic;  dissolve  22  pounds  of  sulphs 
gallons  of  water ;  introduce  these  three  matters  into  the  indigo  mill,  and 
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three  days.  If  it  be  wished  to  have  a  thickened  blue,  this  mixture  must  have  pounded 
sun  added  to  it ;  but  if  not,  5  gallons  of  water  are  added.  This  color  may  be  called 
Vine  No.  1. 


The  following  table  exhibits  the  different  gradations  of  China  bine « 


i 

COQTM. 

Qaaniity  \iy  maasare  of 

No.  1. 

Qaanlity  by  measura  of 
waittr  or  nmciliige. 

No.  1 

1 

0 

2 

11 

1 

3 

10 

2 

4 

8 

4  . 

5 

6 

6 

6 

4 

8 

7 

2 

10 

8 

2 

12 

9 

2  * 

14 

10 

2 

16 

11 

2 

18 

12 

2 

20 

I  shall  now  give  examples  of  working  this  style  by  the  block  and  cylinder: — 
Xmpression  of  a  single  blue  with  small  dots, 
f^or  the  block,  blue  No.  5,  thickened  with  starch, 
^or  the  cylinder.  No.  4,  thickened  with  gum. 

Impression  of  two  different  blues  with  the  block, 
X^irst  blue.  No.  4,  with  starch. 
Second  blue.  No.  9,  with  gum. 

Impression  of  three  blues  with  the  block, 
First  blue,  No.  5,  with  starch. 
Second  blue.  No.  7,  with  starch. 
Third  blue.  No.  10,  with  gum. 

.Alter  prinling-on  the  blues,  the  pieces  are  hung  up  for  two  days,  in  a  dry  and  airy 
pl&ce,  but  not  too  dry ;  then  they  are  dipped  as  follows : — ^Three  vats  are  mounted,  which 
ma.y  be  distinguished  by  the  numbers  1,  2,  3. 

K'o.  1.  300  pounds  of  lunc  to  1,800  gtillons  of  water. 

Ko.  2.  Solution  of  sulphate  of  iron  of  spec.  grav.  1*048. 

3.  Solution  of  caustic  soda  of  spec.  grav.  1*055;  made  from  soda  crystals,  quicklime, 
ajid  water,  as  usual. 

The  pieees  being  suspended  on  the  frames,  are  to  be  dipped  in  the  first  vat,  and  left 
in  it  ten  minutes;  then  withdrawn,  drained  for  five  minutes;  next  plunged  into  the 
second  vat  for  ten  minutes,  and  drained  also  for  five,  &c.  These  operations  wfll  be 
most  intelligiUe  when  put  into  the  form  of  a  table  : — 

Dip  in  the  Ist  vat.     During  10  minutes.       Drain  during  5  minutes. 
2  —  — 

2  —  — 

3  —  — 
2                      —  — 

2  —    *  — 

2  —  — 

3  —  — 

Xn  the  dipping  of  China  blue?,  care  should  be  taken  to  swing  the  frames  during  the 
'^P^ration ;  and  when  the  last  dip  is  given,  the  piece  is  to  be  plunged  upon  its  frame  into 
^  Toarth  vat,  containing  dilute  sulphuric  acid  of  spec.  grav.  1*027.   This  immersion  is 
Jp*"     purpose  of  removing  the  oxyde  of  iron,  deposited  upon  the  calico  in  the  alternate 
JjJ««tges  through  the  sulphate  of  iron  and  lime  vats.   They  are  then  rinsed  an  hour' in 
^^ing  water,  and  finally  brightened  in  the  above  dilute  sulphuric  acid,  slightly  tepid. 
^^Jelimes  they  are  subjected  to  a  soap  bath,  at  the  temperature  of  120^.   By  the 
r^ilitiim  of  nitrate  of  lead  to  the  indigo  vat,  the  blue  becomes  more  lively.   Some  use 
roQer  dyeing  apparatus  for  running  the  pieces  through  the  respective  baths  instead 
iquare  frames.   (See  Wincing.)   But  the  frame^ip  gives  the  most  evenly  dyes, 
^^liMTet  the  vats  in  good  condition  for  a  much  longer  time. 
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The  various  phenomena  which  occur  in  the  dipping  of  China  Unes  are  not  difficnll  ef 
explanntion  with  the  lights  of  modem  chemistry.    We  have,  on  the  one  hand,  indico 
and  sulphate  of  iron  alternately  applied  to  the  cloth ;  by  dipping  it  into  the  lime,  the 
blue  is  deoxydized,  because  a  film  of  the  sulphate  of  iron  is  decompo»ed,  and  pnotoiyde 
of  iron  comes  forth  to  seize  the  oxygen  of  the  indigo,  to  make  it  yelkrw-green,  and 
soluble,  at  the  some  time,  in  lime-water.   Then,  it  penetrates  into  the  heart  of  the 
fibres,  acd,  on  exposure  to  air,  absorbs  oxygen,  so  as  to  become  insoluble  and  fixed 
within  their  pores.   On  dipping  the  calico  into  the  second  vat  of  sulphate  of  iron,  s 
layer  of  oxyde  is  formed  upon  iu  whole  surface,  which  oxyde  exercises  an  action  only 
upon  those  parts  that  are  covered  with  indigo,  and  deoxydizes  a  portion  of  it ;  that 
rendering  a  second  dose  soluble  by  the  intervention  of  the  second  dip  in  the  lime-bath. 
Hence  we  see  that  while  these  alternate  transitions  go  on,  the  same  series  of  deGzydiie- 
ment,  solution,  and  re-oxydizement  recurs ;  causing  a  progressively  increasing  fixatioB 
of  indigo  within  the  fibres  of  the  cotton.   A  deposite  of  s-ulphate  of  lime  and  oxyde  of 
iron  necessarily  falls  upon  the  cloth,  for  which  reason  the  frame  should  be  shaken  in  the 
lime-water  vat,  to  detach  the  sulphate ;  but,  on  the  contrar}',  it  should  be  held  motionless 
in  the  copperas  bath,  to  favor  the  deposition  of  as  much  protoxyde  upon  it  as  possible* 
These  circumstances  serve  to  account  for  the  various  accidents  which  sometimes  befall 
the  China  blue  process.   Thus  the  blues  sometimes  scale  off,  which  may  proceed  from  on^- 
of  two  causes : — 1.  If  the  goods  are  too  dry  before  being  dipped,  the  color  swells,  anc^^ 
comes  ofi*  in  the  vats,  carrying  along  with  it  more  or  less  of  indigo.   2.  If  the  quantitj^"" 
of  sulphate  of  lime  formed  upon  the  cloth  be  considerable,  the  crust  will  faU  off^ 
take  with  it  more  or  less  of  the  blue ;  whence  arise  inequalities  in  the  impression, 
influence  of  temperature  is  important ;  when  it  falls  too  low,  the  colors  take  a  gray 
In  this  case  it  should  be  raised  with  steam. 

VI.  The  decoloring  or  enlevage  style ;  not  by  the  removal  of  the  mordant,  bnt  th  ^ 
destruction  of  the  dye.    The  acid,  which  is  here  mixed  with  the  discharge  paste, 
intended  to  combine  with  the  base  of  the  chloride,  and  set  the  chlorine  free  to  act  upo-  lai 
the  color.   Among  the  topical  colors  for  this  style  are  the  following : — 

1.  Blade. — Take  one  gallon  of  iron  liquor  of  spec.  grav.  1-086. 

One  pound  of  starch ;  boil  together,  and  while  the  paste  is  hot,  dissolve  in  ~A 
One  pound  of  tartaric  acid  in  powder ;  and  when  cold,  add 
Two  pounds  of  Prussian  blue,  prepared  with  murmtic  acid,  see  p.  232. 
Two  ounces  of  lamp  black,  with  four  ounces  of  oil. 

2.  White  discharge, — Take  one  gallon  of  water,  in  which  dissolve 

One  pound  and  a  half  of  oxalic  acid, 
Three  pounds  of  tartaric  acid ;  add 

One  gallon  of  lime-juice  of  spec.  grav.  1'22;  and  thicken  wi_  th 
Twelve  pounds  of  pipe  clay,  and  six  pounds  of  gum. 

3.  Chrome-green  discharge. —   

Take  one  gallon  of  water,  thicken  with  18  ounces  of  stare       ^ » 

boil  and  dissolve  in  the  hot  paste; 
Two  pounds  and  a  half  of  powdered  nitrate  of  lead. 
One  pound  and  a  half  of  tartaric  acid, 
Two  pounds  of  Pnissian  blue,  as  above. 

4.  Blue  discharge. — Take  one  gallon  of  water,  thicken  with 

18  ounces  of  gum  ;  while  the  boiled  paste  is  hot,  dissolve  in  it 

Two  pounds  of  tartaric  acid,  and  mix  one  pound  of  Prussian  M^^^ 

5.  Chrome-yellow  discharge. — This  is  the  some  as  the  chrome-green  given  above,  ^ 
without  the  Prussian  blue. 

6.  Ji  white  discharge  on  a  bine  ground  requires  the  above  while  discharge  to  be  streiigr  ^^-^ 
ened  with  8  ounces  of  strong  sulphuric  acid,  per  gallon. 

7.  White  discharge  for  Turkey  red  needs  to  be  very  strong. 
Take  one  gallon  of  lime-juice  of  sp.  grav.  1-086 ;  dissolve  in  it 
Five  pounds  of  tartaric  acid  ;  thicken  with 

Eight  pounds  of  pipe-clay,  four  pounds  of  gum ;  then  dissolve  in  the  mixture 
Three  pounds  of  muriate  of  tin  in  crj'slals ;  and  add,  finally, 
Twcntj'-four  ounces  of  sulphuric  acid. 

8.  Yellow  discharge  for  Turkey  red. — 

Take  one  lillon  of  lime-juice  of -spec.  grav.  1*086;  in  which  dissolve 
Four  pounds  of  tartaric  acid. 

Four  pounds  of  nitrate  of  lead  ;  thicken  the  solution  with 
Six  pounds  of 'pipe-clay,  and  three  pounds  of  gum. 

9.  For  green  discharge,  add  to  the  preceding  24  ounces  of  Prnssian  bine,  as  above. 

The  decoloring  or  chlorine  bath  is  usually  formed  of  wood  lined  with  lead,  ag^^^ 
has  an  area  of  about  5  feet  square,  with  a  depth  of  6  feet.   A  square  frame,  moimt»^ 
with  a  horizontal  series  of  rollers  at  top  and  bottom,  may  be  let  down  by  eotds, 
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pleMure,  into  the  eifltern.  The  pieces  are  introduced  and  guided  in  a  serpentine  path^ 
round  the  upper  and  lower  rollers  alternately,  hf  a  cord. 

This  bath  is  filled  with  a  solution  of  chloride  of  lime,  of  the  spec.  gray.  1*045,  whoie 
deeolorins;  strern^  is  65°  by  Gay  Lussac's  indigo  chlorometer.  It  ought  to  bie  made 
turbid  by  stirrins:  before  putting  in  the  goods,  which  should  occupy  three  minutes  in 
their  passage.  The  piece  is  drawn  through  by  a  pair  of  squeezer  cylinders  at  the  end  of 
the  trough,  opposite  to  that  at  which  the  piece  enters.  With  black,  white,  and  bhie 
impressions  of  all  shades,  the  goods  are  floated  in  a  stream  of  water  for  an  hour ;  then 
riiMed  and  dried.  When  there  is  yellow  or  green,  the  pieces  must  be  steeped  in  water, 
then  merelf  washed  by  the  wince,  and  passed  through  solution  of  bichromate  of  potash, 
containing  from  3  to  5  ounces  of  the  salt  per  piece.  Here  the  pieces  are  winced  during 
15  or  20  minutes,  rinsed,  and  next  passed  through  dilute  muriatic  acid  to  clear  the 
ground ;  then  rinsed  and  dried. 

Dudiarge  by  the  intervention  of  the  chromic  acid. 

After  having  dipped  the  pieces  to  the  desired  shade,  they  are  padded  in  a  solution  of 
bichromate  of  potash;  dried  in  the  shade  without  heat;  and  then  printed  with  the 
fbUowing  mordant : — 

Take  1  gallon  of  water ;  dissolve  in  it 
2  pounds  of  oxalic  and  1  pound  of  tartaric  acid ;  thicken  with 
6  pounds  of  pipe-clay,  and  3  pounds  of  gum ;  lastly,  add 
8  ounces  of  muriatic  acid. 
After  the  impression,  the  pieces  are  winced  in  chalky  water,  at  120°  F.,  then  washed, 
tad  passed  throusrh  a  dilute  sulphuric  acid. 

M.  Daniel  EGechlin,  of  Mulhausen,  the  author  of  this  very  ingenious  process,  con- 
siders the  action  of  the  bichromate  here  as  being  analogous  to  that  of  the  alkaline  chlo- 
rides. At  the  moment  that  the  block  applies  the  preceding  discharge  to  the  bichromate 
dye,  there  is  a  sudden  decoloration,  and  a  production  of  a  peculiar  odor. 

The  pieces  padded  with  the  bichromate  must  be  dried  at  a  moderate  temperature,  and 
in  the  shade.  Whenever  watery  solutions  of  chromate  of  potash  and  tartaric  acid  are 
mixed,  an  effervescence  takes  place,  during  which  the  mixture  possesses  the  power  of 
destroying  vegetable  colors.   This  property  lasts  no  longer  than  the  effervescence. 

Vn.  Steam  colors. — This  style  combines  a  degree  of  brilliancy  with  solidity  of 
color,  which  can  hardly  be  obtained  in  any  other  way  except  by  the  chints  dyes. 
The  steam  apparatus  employed  for  fixing  colors  upon  goods,  may  be  distributed  under 
five  heads: — 1.  the  column;  2.  the  lantern;  3.  the  cask;  4.  the  steam-chest;  and, 
^.  the  chamber. 

The  column  is  what  Is  most  generally  used  in  this  country.  It  is  a  hollow  cylin* 
^er  of  copper,  from  three  to  five  inches  in  diameter,  and  about  44  inches  long,  per- 
forated over  its  whole  surface  with  holes  of  about  one  sixteenth  of  an  inch,  placed 
^boat  a  quarter  of  an  inch  asunder.  A  circular  plate,  about  9  inches  diameter,  is 
Soldered  to  the  lower  end  of  the  column,  destined  to  prevent  the  coil  of  cloth  from 
^lidins^  down  off  the  cylinder.  The  lower  end  of  the  column  terminates  in  a  pipe, 
^kionnted  with  a  stop-cock  for  regulating  the  admission  of  steam  from  the  main  steam- 
roller of  the  factory.  In  some  cases,  the  pipe  fixed  to  the  lower  surface  of  the  disc  is 
Sauide  tapering,  and  fits  into  a  conical  socket,  in  a  strong  iron  or  copper  box,  fixed  to  a 
^olid  pedestal;  the  steam  pipe  enters  into  one  side  of  that  box,  and  is  provided,  of 
<^onrse,  with  a  stop-cock.  The  condensed  water  of  the  column  falls  down  into  ihtX 
^hest,  and  may  be  let  off  by  a  descending  tube  and  a  stop-cock.  In  other  forms  of  the 
^^Inmn,  the  conical  junction  pipe  is  at  its  top,  and  fits  there  into  an  inverted  socket 
connected  with  a  steam  chest,  while  the  bottom  has  a  very  small  tubular  outlet,  so  that 
^he  <team  may  be  exposed  to  a  certain  pressure  in  the  column,  when  it  is  incased 
"^rith  cloth. 

The  pieces,  after  being  printed  with  the  topical  colors  presently  to  be  described,  and 
varied,  are  lapped  round  this  column,  but  not  in  immediate  contact  with  it ;  for  the  copper 
^sylinder  is  first  enveloped  in  a  few  coils  of  blanket  stuff;  then  with  several  coils  of 
^white  calico;  next  with  the  several  pieces  of  the  printed  goods,  stitched  endwise;  and 
lastly,  with  an  outward  mantle  of  white  calico.   In  the  course  of  the  lapping  and 
^nlapping  of  such  a  length  of  webs,  the  cylinder  is  laid  in  a  horizontal  frame,  in  which 
^t  it  pade  to  revolve.   In  the  act  of  steaming,  however,  it  is  fixed  upright,  by  one  of 
'toe  methods  above  described.   The  steaming  lasts  for  20  or  30  minutes,  according  to 
"Ue  nature  of  the  dyes ;  those  which  contain  much  solution  of  tin  admit  of  less  steaming. 
^Vhenever  the  steam  is  shut  off,  the  goods  must  be  immediately  uncoiled,  to  prevent  the 
^ebance  of  any  aqueous  condensation.   I  was  much  surprised,  at  first,  on  finding  the 
"^aroQed  pieces  to  be  free  from  damp,  and  requiring  only  to  be  exposed  for  a  few  minntet 
ia  the  air,  to  appear  perfectly  dry.   Were  water  condensed  during  the  process,  it  would 
~tte  tpt  to  make  the  colors  run. 

Stetm  colors  are  all  topical,  though,  for  many  of  them,  the  pieces  are  previously 
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padded  with  mordants  of  various  kindy.  Sodjc  manufactaren  ran  the  goods  before 
printing  them  through  a  weak  solution  of  the  perchloride  of  tin,  with  the  view  of  bright^ 
ening  all  the  colors  subsequently  applied  or  raised  upon  them.  I  shall  now  iilastratc 
steam  calico-printin$;  by  some  examples,  kindly  furnished  me  by  a  practical  printer  near 
Manchester,  who  conducts  a  ereat  business  with  remarkable  success. 

Steam  blvt. — Pnissiate  of  potash,  tartaric  acid,  and  a  little  sulphuric  acid,  are  dis- 
soWed  in  water,  and  thickened  with  starch;  then  applied  by  the  cylinder,  dried  at  t 
moderate  heat,  and  steamed  for  25  minutes.  They  are  rinsed  and  dried  aAer  the 
steaming.  The  tartaric  acid,  at  a  high  temperature,  decomposes  here  a  portion  ot  the 
ferrocyanic  acid,  and  fixes  the  reniainin?  ferrocyanate  of  iron  (Prussian  blue)  in  the  fibre 
of  the  cloth.  The  ground  may  have  been  previously  padded  and  dyed  ;  the  acids  wiH 
remove  the  mordant  from  the  points  to  which  the  above  paste  has  been  applied,  and 
bring  out  a  bright  blue  upon  them. 

Steam  fturjh'e. — This  topical  color  is  mnde  by  digesting  acetate  of  alumina  upon  gnmnd 
logwood  with  heat ;  straining,  thickening  with  gum  Senegal,  and  applying  the  paste  by 
the  cylinder  machine. 

Steam  pink, — A  decoction  of  Brazil-wood  with  a  small  quantity  of  the  solntioa  of 
muriate  of  tin,  called,  at  Manchester,  new  tin  crj'stals,*  and  a  little  nitrate  of  copper  to 
assist  in  fixing  the  color;  properly  thickened,  dried,  and  steamed  for  not  more  thu  20 
minutes,  on  account  of  the  corrosive  action  of  muriate  of  tin  when  the  heat  is  too  strong* 

Cochineal  pink. — Acetate  of  alumina  is  mixed  with  decoction  of  cochineal,  a  little  tar- 
taric acid  and  solution  of  tin  ;  then  thickened  with  starch,  dried,  and  steamed. 

Steam  broim. — ^A  mixed  infusion  of  logwood,  cochineal,  and  Persian  berries,  witl^ 
cream  of  tartar,  alum  (or  acetate  of  alumina),  and  a  little  tartaric  acid,  thickened,  driod^ 
and  steamed. 

Gmv,  blue,  chocolate,  with  trhite  ground,  by  steam. — Prussiate  of  potash  and  tarta 
acid,  thickened,  for  the  blue;  the  same  mixture  with  berry-liquor  and  acetate  of  alomin 
thickened,  for  the  green ;  extract  of  locwood  with  acetate  of  alumina  and  cream  ( 
tartar,  thickened,  for  the  chocolate.   These  three  topical  colors  are  applied  at  once  1 . 
the  three-color  cylinder  mochine ;  dried  and  steomed.    Thouph  greens  are  fixed  by  the 
steam,  their  color  is  much  improved  by  passing  the  cloth  through  solution  of  liiilinmali  ^ 
of  potash. 

In  France,  solution  of  tin  is  much  used  for  steam  colors. 

Vin.  Sjnrit  or  fancy  colors, — These  all  owe  their  vivacity,  as  well  as  the  moderaU 
degree  of  permanency  they  possess,  to  their  tin  mordant.    AAer  printing-on  the  topic 
color,  the  t;oods  must  be  dried  at  a  pentle  heat,  and  passed  merely  through  the  rinsing: 
machine.    Purple,  brown,  or  chocolate,  red,  preen,  yellow,  blue,  and  white  discharge  s 
any  five  of  these  are  printed  on  at  once  by  the  five-color  cylinder  machine.   See  Rinsikg- 
Machink. 

Chocolate  is  civen  by  extract  of  Brazil-wood,  extract  of  logwood,  nitro-muriate  of  tin^ 
with  a  little  nitrate  of  copper :  all  mixed,  thickened,  and  merely  printed-on. 

Red,  by  extract  of  Brazil-wood  and  tin,  with  a  little  nitrate  of  copper. 

(jhreen,  by  prussiate  of  potash,  with  muriate  of  tin  and  acetate  of  lead,  dissolved^ 
thickened,  and  printed-on. 

The  goods  after  rinsing  must  be  passed  througli  solution  of  bichromate  of  potash,  1 
convert  the  Pnissian  blue  color  into  green,  by  the  formation  of  chrome  yellow  upon  it. 

Blue. — Prussian  blue  ground  up  with  solution  (niiromuriate)  of  tin;  thickened,  &c. 

Yelloxo. — Nitrate  of  lead  dissolved  in  solution  of  tartaric  acid,  thickened,  tenderl]^ — 
dried,  passcrd  through  the  bichromate  vat  or  padding  machine,  washed  and  dried. 

This  yellow  is  pretty  fast ;  though  topical,  it  can  hardly,  therefore,  be  called  a  fanqp^ 
cok>r. 

"When  purple  is  to  be  inserted  instead  of  the  above  blue,  extract  of  logwood  with  tin- 
is  used  in  the  place  of  the  Prussian  blue.  Tartaric  acid  is  a  useful  addition  to  tin  iik. 
brightening  fancy  colors. 

Chocolate. — A  good  topical  chocolate  is  made  by  digesting  loewood  with  liquid  acetate 
of  alumina,  adding  a  little  cream  of  tartar  to  the  infusion  ;  thickening,  applying  by  the 
cylinder,  drj'ing,  washing,  then  passing  through  solution  of  bichromate  of  potash,  which 
serves  to  darken  and  fix  the  color. 

I  shall  conclude  my  account  of  the  printing  of  cotton  goods  with  some  miscellaneous 
fonnulx,  which  were  given  me  by  skilful  calico-printers  in  Lancashire. 

Prusfian  blue  is  prepared  for  topical  printing  by  grinding  it  in  a  handmill,  like  that  for 
grinding  pepper  or  coffee,  and  triturating  the  powder  with  solution  of  muriate  of  tin. 

Green. — The  deoxj'dizcd  indigo  vat  liquor  is  mixed  with  a  little  pcarlash,  and 
thickened  with  gum.   This  is  applied  by  the  cylinder  or  block  to  goods  previously 

*  This  prvparat  ion  ii  made  by  adding  3  lbs.  of  ral  aramoniaR  to]  (gallon  of  aolatioii  of  tin  ScASLSr 
Dti,  and  Tin],  ATaporatinf,  ai:d  cr>-italliziDf .  The  lal  ammuojac  weia0  to  cuuatctact  tha  aepantion  or 
tha  tin  by  peroxydizemcnt. 
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ladded  with  nitnte  of  lead ;  the  goods,  after  being  dried,  are  passed  through  milky  liin^ 
vmter,  riosfd,  and  then  winced  or  padded  through  the  bichromate  of  potash  bath. 

jHather  green, — ^Nitrate  of  lead,  prussiate  of  potash,  and  tartaric  acid,  dissolved,  tad 
nixed  with  a  little  sulphate,  nitrate,  and  muriate  of  iron ;  this  mixture  is  either  thickened 
fer  ejiinder  printing,  or  wed  in  its  liquid  state  in  the  padding  trough.  The  goods  sab- 
ieeted  to  one  of  these  two  processes  are  dried,  padded  in  weak  solution  of  carbonate  of 
potash,  which  serres  to  precipitate  the  oxyde  of  lead  from  the  nitrate ;  they  are  finally 
ftdded  with  bichromate  of  potash,  which  induces  a  yellow  upon  the  blue,  constituting  a 
greei  tobr  of  any  desired  tint,  according  to  the  proportion  of  the  materials. 

Choeolatt  and  Uack.  vfith  white  discharge ;  a  fatl  color. — The  cloth  is  padded  with  ace- 
tale  of  stamina,  and  dried  in  the  hot-flue ;  it  is  then  passed  through  a  two-color  machine, 
tke  oie  cylinder  of  which  prints-on  lime-juice  discharge,  thickened  with  gum  Senegal} 
the  other  a  black  topical  dye  (made  with  logwood  extract  and  iron  liquor).  The  cloths 
aie  BOW  hung  up  to  be  aired  during  a  week,  aHer  which  they  are  dunged,  and  dyed  up 
with  madder,  fustic,  and  quercitron  bark,  heated  with  steam  in  the  bath. 

Blwt,  tffti/f,  and  olive  or  chocolate, — 1.  Pad  with  the  aluminous  mordant;  2.  Apply 
thickened  lemon-juice  for  discharge  by  the  cylinder;  3.  Dung  the  goods  after  they 
aie  thoraaghly  dried ;  4.  Pass  them  through  the  bath  of  madder,  fustic,  and  quercitron, 
which  dye  a  brown  ground,  and  leave  the  discharge  points  white ;  then  print-on  a  reserve 
ptite  of  China  clay  and  gum  with  sulpliate  of  copper;  dry,  dip  in  the  blue  vat,  which 
vill  eommnnicate  an  olive  tint  to  the  brown  ground;  or  a  chocolate,  if  madder  alone  had 
beeottied. 

When  a  black  ground  is  desired,  with  white  figures,  the  acid  discharge  paste  should  be 
priated-on  by  the  cylinder,  and  dried  before  the  piece  is  padded  in  the  iron  liquor.  By 
fbOowio;  this  plan  the  whites  are  much  purer  than  when  the  iron  is  first  applied. 

GntHj  bUckf  white, — ^Thc  black  is  first  printed-on  by  a  mixture  of  iron  liquor,  and  in- 
fwoo  (not  decoction)  of  IoswikxI  ;  then  resist  or  reserve  paste  is  applied  by  the  block, 
aad dried;  after  which  the  goods  are  blued  in  the  inditi:o  vat,  rinsed, dried,  passed  through 
lolition  of  acetate  of  lend;  next,  through  milky  lime-water;  lastly,  through  a  very  strong 
nhtion  of  bichromate  of  potash. 

Ttrkty  rtdy  blacky  yellow. — Upon  Turkey  red  cloth,  print  with  a  strong  solution  of  tar- 
|>rieadd,  mixed  with  solution  of  nitrate  of  lead,  thickened  with  gum;  dry.  The  cloth 
is  BOW  passed  through  the  chloride  of  lime  bath,  washed,  and  chromed.  Lastly,  the  black 
u  printed-on  by  the  block  as  above,  with  iron  liquor  and  logwood. 

BUtdc  ground  dotted  whitey  trith  red  or  pink  and  blade  figures, — 1.  Print-on  the 
l«e^jniee  discharge-paste  by  the  cylinder;  dry;  2.  Then  pad  with  iron  liquor,  con- 
^Bitf  a  little  acetate  of  alumina,  and  hang  up  the  goods  for  a  few  days  to  fix 
Ihe  iron ;  3.  Dye  in  a  lo?wood  bath  to  which  a  little  madder  has  been  added ;  clear 
^  hnn.  The  red  or  pink  1%  now  put  in  by  the  block,  with  a  mixture  of  extract  of 
BffuiWvDod,  nitromoriate  of  tin,  and  nitrate  of  copper,  as  prescribed  in  a  preceding 
ibnaala. 

Ornge  or  brown ;  black ;  white  ;  pink, — ^The  black  is  topical,  as  above ;  it  is  printed- 
OB*  as  also  the  lemon-juice  discharge  and  red  mordant,  with  muriate  of  tin  (both 
^ened),  by  the  three-color  machine.  Then,  after  drying  the  cloth,  a  single-cylinder 
Btaehme  is  made  to  apply  in  diagonal  lines  to  it  a  mixture  of  acetate  of  iron  and  alcunina. 
1^  ebth,  being  dried  and  dunged,  is  next  dyed  in  a  bath  of  quercitron,  madder,  and 
<<Mtie. 

Here  the  orange  is  the  result  of  the  mordant  of  tin  and  alumina ;  the  brown,  of  the 
Blaaiaa  aad  iron ;  white,  of  the  citric  acid  discharge.  The  tin  mordant,  wherever  it  has 
^  applied,  resists  the  weaker  mordant  impressied  in  the  diagonal  lines.  The  pink  Is 
Moekeiwi  at  the  end. 

Oratgf  6f«i0ii,  or  aventurine;  black  and  white, — ^The  topical  Uack  (as  above)  and 
fiKhaige  lemon-juiee,  are  printed-on  by  the  two-color  machine ;  then  the  ck>th  is  sub- 
Md  to  the  diagonal  line  cylinder,  supplied  with  the  alumino-iron  mordant.  The  cloth 
^  dried,  dunged,  and  dyed  in  a  bath  of  bark,  nmdder,  and  fustic. 

The  manganese  or  solitaire  ground  admits  of  a  great  variety  of  figures  being  euAy 
^i^hl  upon  it,  because  almost  every  acidulous  mordant  will  dissolve  the  oxyde  of 
IsinML  from  the  spot  to  which  it  is  applied,  and  insert  its  own  base  in  its  plaesf  and 
*f  eoine,  by  dyeing  such  mordanted  goods  in  various  baths,  any  variety  of  colored  de- 
■fis  my  be  produced.  Thus,  if  the  paste  of  nitrate  of  lead  and  tartaric  acid  solntion 
^  sppiied,  and  the  goods  after  drying  be  passed  first  through  lime-water,  and  thea 
^^"^^  a  chrome  bath,  bright  yellow  spots  will  be  made  to  appear  upon  the  brome 

Mmgnm  bronxe,  buff  and  green;  all  metaUic  colors, — Pad-on  the  manganM 
xihliiu,  and  dry ;  apply  the  aceto-sulphate  of  iron,  of  spec.  grav.  1-02,  and  ScheeM 
(both  properly  thickened),  by  the  two-color  machine.   The  goods  are  next  to 
My  and  padded  through  a  cold  caustic  ley  of  spec.  grav.  1*086.   They  are  tlMH 
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riiised,  and  passed  through  a  weak  solution  of  chloride  of  lime,  to  raise  the  hronze,  agim 
rinsed,  and  passed  through  a  solution  of  arsenious  acid  to  raise  the  green. 

Scheele's  green  for  the  calico-printer  is  made  as  follows : — 

Take  1  gallon  of  water,  in  which  dissolve  with  heat, 

5  pounds  of  sulphate  of  copper,  and  1  pound  of  verdigris.  When  the  two  salts  are  dis- 
solve, remove  the  kettle  from  the  fire,  and  pat  into  it  1  ifaul  of  solution  of  nitrate  of 
eopper,  and  5  pounds  of  acetate  of  lead.  Stir  the  mixture  to  facilitate  the  deeompositioii, 
and  allow  the  pigment  to  subside. 

It  must  be  thickened  with  2^  lbs.  of  gum  per  gallon,  for  pencilling;  or  12  oz.  of  stardi 
for  the  block.  The  goods  printed  with  this  paste  are  to  be  winced  through  a  caustic  ley, 
till  a  fine  sky-blue  be  produced ;  then  washed  well  and  rinsed.  They  are  now  to  be 
passed  through  water,  containing  from  half  an  ounce  to  an  ounce  of  white  arsenic  per 
piece;  4  turns  are  sufficient;  if  it  be  too  long  immersed  it  will  take  a  yeUow  lint. 

Catechu  has  been  considerably  employed  by  calico-printers  of  late  yenrs,  as  it  affords  a 
fine  permanent  substantive  brown,  of  the  shade  called  carmeliit  by  the  French.  Thefol- 
lowinsf  formula  will  exemplify  its  mode  of  application : — 

Take  1  gallon  of  water ; 

1  pound  of  catechu  in  fine  ixrwder;  reduce  by  boiling  to  half  a  gallon,  pass  the  deecW' 
tion  through  a  fine  sieve,  and  dissolve  in  it  4  ounces  of  verdigris;  allow  it  then  to  cod, 
and  thicken  the  solution  with  5  ounces  of  starch;  while  the  paste  is  hot^  dissolve  in  it 6 
ounces  of  pulverized  muriate  of  ammonia. 

Print-on  this  paste,  dry,  and  wash.   It  is  a  fast  color. 

I  shall  subjoin  the  prescriptions  for  two  fancy  cochineal  printing  colors. 

Jlmaranlh  by  cochineal. — Pad  the  pieces  in  the  aluminous  mordant  of  spec.  gray.  l-OST, 
page  230. 

Dry  in  the  hot  flue ;  and  oAer  hanging  up  the  goods  during  3  days,  wince  well  throagb 
chalky  water,  and  then  dye,  as  follows : — 

For  each  piece  of  28  or  30  yards,  8  ounces  of  cochineal  are  to  be  made  into  a  deeo^ 
tion  of  2  gallons  in  bulk,  which  is  to  be  poured  into  a  kettle  with  a  decoction  of  3  oanees 
of  galls,  and  with  two  ounces  of  brnn.  The  pieces  are  to  be  entered  and  winced  asii 
the  madder  bath,  during  two  hours  ami  a  holf ;  then  washed  in  the  dash  wheel.  On  mix- 
ing with  the  amaranth  bath  a  certain  quantity  of  logwood,  very  beautiful  lilachs  and  vio> 
lets  may  be  obtained. 

Mixture  of  quercitron  and  cochineal. — Pad  in  the  aluminous  mordant,  and  dye  with  2 
lbs.  of  quercitron,  and  1  ounces  of  cochineal,  when  a  capuchin  color  will  be  obtained.  If 
we  pad  with  the  followinq  mordant,  viz.,  1  gallon  of  acetate  of  alumina  of  1-056  spec, 
grav.,  nml  1  of  iron  liquor  of  1*02  spec,  grnv.,  and  dye  with  1  pound  of  quercitron,  anA 
1  ounce  of  cochineal,  we  shall  obtain  a  shade  like  boot-tops,  of  extreme  vivacity. 

Two  ounces  of  cochineal  will  print  a  Ions'  piece  of  cnlico  with  rich  pink  fii^ures,  having 
acetate  of  alumina  for  n  mordant.  As  the  ground  is  hardly  tinged  by  the  dye,  it  neitb^x 
needs  nor  admits  of  much  clearing. 

I  have  already  mentioned  that  goods  ore  sometimes  padded  with  solution  of  perchlora^^ 
of  tin  before  printing-on  them  the  steam  colors,  whereby  they  acquire  both  permanerm^ 
and  vivacity.    I  have  also  stated  thot  the  salts  of  tin  at  a  high  temperature  are  apt 
corrode  the  fibre  of  the  stuff,  and  therefore  must  be  used  with  discretion.    This  dan^^* 
is  creally  lessened  by  adding  to  the  perchloride  of  tin  a  sufficient  quantity  of  cau^^ 
potash  ley  to  form  a  stannate  of  potash.   The  goods  are  padded  through  this  substam.  ^ 
diluted  with  water,  dried  with  a  moderate  heat,  and  then  immersed  in  very  dilute 
phuric  acid,  which  saturates  the  potash,  and  precipitates  the  tin  oxyde  within  the  pore^^* 
the  cloth.    Calico  thus  prepared  affords  brilliant  and  permanent  colors  by  the  steam 
cess,  above  described. 

Printing  of  silks  or  vcoolUn  stuffs,  such  as  merinoes  and  mousselin  de  laine^  as  also  of  ip  ^ 
id  stuffs  of  silk  and  tcool,  such  as  chalys, — All  these  prints  are  applied,  not  by  the  ey"^^ 
der  but  the  block,  and  are  fixed  by  the  application  of  steam  in  one  of  four  ways ;  1. 
the  lantern;  2.  By  the  cask;  3.  By  the  chest ;  or,  4.  By  the  chamber. 

1.  By  the  lantern. — In  this  mode  of  exposure  to  steam,  the  goods  are  stretehed  n 
a  frame ;  and  therefore  the  apparatus  may  be  described  under  two  heads ;  the  lantern 
the  frame.  The  fbrmer  is  made  of  copper,  in  the  shape  of  a  box  a  b  c  d  E,fig,  238, 
below,  and  with  a  sloping  roof  above,  to  facilitate  the  trickling  down  of  the  wmter  CJ^^ 
densed  upon  the  walls.   The  sides  b  c  d  e  are  4|  feet  high,  6  feet  long,  and  4  feet  w 
The  distance  of  the  point  a  from  the  line  e  b  is  2  feet.   At  p  is  a  brass  socket,  wBraiB 
'may  be  stopped  with  a  cork ;  and  there  is  a  similar  one  at  the  other  side.  This 
of  penthouse  may  be  raised  by  means  of  a  pulley  with  cords  fixed  to  the  four  an.tf^ 
of  the  roof  e  b  ;  and  it  rests  upon  the  table  g  h,  a  little  larger  than  the  area  of  the 
'which  stands  upon  the  four  feet  i  k.   Round  the  borders  of  the  table  there  3S  « 
triangular  groove  a  b,  for  receiving  the  lower  edges  of  the  box,  and  it  is  stuffed  ttcnBh 
tight  with  lists  of  cloth.   Through  the  centre  of  the  table,  the  two-inch  steam  pipe  ' 
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it  is  sarmoanted  with  a  hemispherical  rose  pierced  with  numerous  holes  for 
the  eqaiil  distribation  of  the  steam.    Right  above  it,  a  disc  k  is  placed  upon  four  feet. 

The  tube  l  communicates  with  a  box  r,  which  has  a  syphon  q 
to  let  off  the  conden^d  water.  At  the  upper  part  of  this  box 
the  tube  l  terminates  which  brings  the  steam.  The  little  table 
G  H  slopr-s  towards  the  part  g,  where  the  syphon  a  is  placed 
fur  drawing  off  the  water. 

The  frame  has  vuch  dimensions,  that  it  may  stand  in  the  four 
corners  of  the  table  at  s  s,  as  pointed  out  by  the  dotted  lines. 
The  second  part  embraces  an  open  square  frame,  which  is 
formed  by  spars  of  wood  2  inches  square,  mortised  together ; 
and  is  3  feet  8  inches  wide,  5  feet  8  inches  long,  and  4  feet  3 
inches  hizh  ;  it  is  strengthened  with  cross  bars.  Upon  the  two 
shies  of  its  bread th,  two  rows  of  roand  brass  hooks  are  placed, 
about  half  an  inch  apart ;  they  are  soldered  to  a  copper  plate 
(lze<l  to  uprights  by  means  of  screws, 
•^t  *8  r^^K—-JSp  Before  hanging  up  the  goods,  a  piece  of  cloth  3  feet  8  inelM8 
P  I  lonsr,  and  4  /eel  wide,  is  placed  upon  the  row  of.  hooks ;  and  3 

feet  of  it  are  lefi  hanging  out. 
One  foot  within,  the  hooks  pass  through  the  cluth.  A  similar  one  is  fitted  to  the  other 
ivle.  This  cloth  is  intended  to  cover  the  goods  hung  upon  the  hooks;  and  it  is  kept 
Mnrirht  b}'  re«ting  upon  strini^s.  The  pieces  are  attached  zig-zag  from  one  hook  to 
taoiher.  When  the  fiame  is  filled,  the  bag  is  put  within  the  cloths;  it  has  the  same  rec- 
tticniar  shape  as  the  frame.  The  pieces  are  in  this  way  all  incased  in  the  cloth;  a  bit 
of  it  heinz  also  put  beneath  to  prevent  moisture  afFccting  that  part. 

When  shawls  are  framed,  they  are  attached  with  pins ;  and  if  they  be  too  large,  they 
iRdoobled  back  to  back,  with  the  frinzes  at  top. 

Th««  arrangements  being  made,  the  frame  is  set  upon  the  table,  the  penthouse  is  pla- 
ced orer  it,  and  the  steam  is  admitted  during  from  35  to  45  minutes,  according  to  circum- 
>tuees.  The  orilice  r  is  opened  at  first  to  let  the  air  escape,  and  when  it  begins  to  dis- 
(htrse  steam  it  is  stoppeil.  The  fmme  is  taken  out  at  the  proper  time,  the  bag  is  re- 
■ovei,  the  cloths  are  lifted  off,  and  the  soods  are  spread  out  for  airing.  Three  frames 
ud  liz  bn?s  are  required  for  a  constant  succession  of  work.  The  above  apparatus  is  par- 
tieiltflr  suitable  for  silks.  * 

2.  The  drum. — This  i<  the  most  simple  mode  of  steaming.   The  apparatus  is  a  drum 
of  white  wood,  2  inches  thick, /i?.  2-')9 ;  the  bottom  is  pierced  with  a  hole  which  admits 
the  ittam-pipe  p,  terminatin?  in  a  perforated  rose.    Four  inches  from  the  bottom  there 
*«ctnva«^  partition  e,  intended  to  stop  any  drops  of  water  projected  from  the  tube 
ilm  to  separate  the  condensed  water  from  the  body  of  the  apparatus.    The  drum  is 
din  by  a  wooden  head  ir,  under  which  the  goods  are  placed.    It  is  made  fast  either 
by  b'jlt«,  or  by  hooks,  o  g,  thus  oq  ,  to  which  weighted  cords  are 
hun?.  The  frame  I,  jiff.  240,  rests  upon  a  hoop,  a  a,  a  few  inches 
from  the  edge.   The  soods  are  hung  upon  the  frame  in  the  or- 
dinary way,  and  then  wrapped  ronnd  with  flannel.    The  frame  is 

  stnddeil  with  pin  points,  like  that  of  the  indigo  vat,  fixed  about 

^r|^^         5  inches  asunder.    From  20  to  30  minutes  suffice  for  one  steam- 
^  I  ing  O|»eraiion.   The  upper  part  of  the  frame  must  be  covered 

I  also  with  flannels  to  prevent  the  deposition  of  moisture  upon  it. 

At  the  bottom  of  the  drum  there  is  a  stopcock  to  let  oflf  the  con- 
densed water.  According  to  the  size  of  the  figure,  which  is  3  feet 
2  inches,  50  yanis  may  be  hung  up  single ;  but  they  may  be  doubled 
on  occasion. 
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3.  The  box, — This  steaming 
apparatus  is  convenient  from  the 
large  quantity  of  goods  admis- 
sible at  a  time :  it  answers  best 
for  woollen  stnflfs.  From  12  to 
16  pieces,  of  36  yards  each,  may 
be  operated  uptm  at  once ;  ana 
from  240  to  260  shawls.   It  is 

  formed  of  a  deal  box,  A  b  c  d,  ftg^ 

______     C  »       241, 4  feet  wide,  6  tonir,  and  3 

;  the  wood  being  4  inches  thick.   It  is  closed  by  a  cover  of  the  same  substance, 
I  i|  OMde  steam-tight  at  the  edges  by  a  list  of  felt.   The  lid  is  fastened  down  by  5 
Mikvi  of  iron,  a  a  a  a  a,  which  arc  secured  by  screws,  cccccjjif(»  242.  The  ends  of 
cnn bars  are  let  into  the  notches,  bbbbb^  on  the  edge  of  the  box.    The  safety 
^M*  24 1,  is  placed  upon  the  lid.   For  taking  off  the  lid,  there  are  rings  at  the  four 
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corners,  dddd^  beftring  cords,  tftt.  These  join  at  the  centre  into  one,  which  ] 
over  a  palley.  Eight  inches  from  the  bottom  of  the  box  there  is  a  horizontal  cmnrui  par- 

A      b       b       b  J3 

'       '       ^       '  M 


Ti 

-Mi 

111,            d^-     c  ^ 

tition,  beneath  which  the  steam  is  discharged  from  the  pipe  l,  fig.  243.  There  are  two 
ledges,  E  p  o  H,  at  the  sides  for  receiving  the  bobbins.   The  lube  l  runs  round  the  boi,  u 

shown  by  the  letters  datb:  the  end  d  is  shst; 
but  the  side  and  top  are  perforated  with  nmj 
holes  in  the  direction  towards  the  centre  of  the  bos. 
Fig.  244  shows  the  arrangement  of  the  lower  Mt 
of  bobbins :  that  of  the  upper  set  is  shown  bf  fk 
dotted  lines :  it  is  seen  to  be  in  an  alternate  pon- 
tion,  one  lying  between  two  others.  They  ire 
formed  of  pieces  of  deal  4  inches  broad,  1  iiek 
thick,  and  of  a  length  equal  to  the  width  of  tk 
box.  They  are  first  wrapped  round  with  5  or  6 
turns  of  doubled  flannel  or  calico :  the  piece  of 
goods  is  laid  over  it  upon  a  table,  and  tbei 
wrapped  round.  At  the  end  of  the  pieee,  seven! 
folds  of  the  covering  must  be  put,  as  also  a  roD 
of  flannel.  The  two  ends  must  be  slightly  tiei 
with  packthread.  When  these  flat  bobbins  are 
arranged  in  a  box,  the  steam  is  let  on  thnn,  ssd 
continued  about  45  minutes;  it  is  (hen  shutofll 
tife  lid  is  removed,  and  the  pieces  are  unrolM. 

4.  The  chamber,— The  interior  height  of  Ihe 
chamber,  ado  Jy,fig,  245,  is  nine  feet,  the  lenflh 
12  feet,  and  the  breadth  9  feet.  The  steam  is  in- 
troduced into  it  by  two  pipes,  a  b  c,def.  Their 
two  ends,  d  c,  are  shut ;  but  their  sides  are  ill 
along  perforated  with  small  holes.  The  franw 
E  F  G  H,  E  F  G  H,  are  moveable,  and  run  npoo 
rollers  :  they  are  taken  out  by  front  doors,  which 
are  made  of  strong  planks,  shut  by  sliding  in 
slots,  and  are  secured  by  strong  iron  ban  and 
pressure  screws.  The  cross  rods,  e  f  g  h,  arc  provided  with  hooks  for  hanging  up  the 
pieces.  There  is  a  safety-valve  in  the  top  of  this  larce  chamber.  The  dimensions  of  the 
frame  are  ten  feel  Ion?,  3  feet  wide,  and  7  hisjh.  Three  feet  and  a  half  from  the  opper 
part  of  the  frame,  a  row  of  hooks  is  fixed  for  hnncins:  on  n  double  row  of  pieces,  as  shown 
in  the  figure.  Over  the  frame,  woollen  blankets  are  laid  lo  protect  it  from  drops  of 
ter  that  might  fall  from  the  roof  of  the  chamber.  When  the  hooks  are  two  thirds  of  w 
inch  apart,  24  pieces,  of  28  yards  each,  may  be  suspended  at  once.  The  period  of  stetm* 
ing  is  from  45  to  60  minutes. 

Muslins  and  silks  do  not  require  so  high  a  temperature  as  woollen  goods.  When  1^^ 
stufis  are  padded  with  color,  like  merinoes  and  chalys,  they  must  not  be  folded  together,  fiff 
fear  of  stains,  which  are  sometimes  occasioned  by  the  column  in  steam  calico-printiBf) 
where  the  end  which  receives  the  first  impression  of  the  steam  is  seldom  of  the 
shade  as  the  rest  of  the  roll  of  goods.  The  duration  of  the  steaming  depends  upon  the 
quantity  of  acid  in  the  mordant,  and  of  saline  solution  in  the  topical  color ;  the  mott  » 
which  are  present  the  shorter  should  be  the  steaming  period.  A  dry  \'apor  is  requisite  i'^ 
all  cases;  for  when  it  becomes  moist,  from  a  feeble  supply  or  external  condensation, tb^ 
goods  become  streaky  or  stained  by  the  spreading  of  the  colors.  . 

1.  Black  figures  are  given  by  decoction  of  logwood  thickened  with  stareh,  to  whic"* 
a  little  oxalic  acid  is  added  while  hot,  and,  after  it  is  cold,  neutralized  solution  of  mti*-'** 
of  iron.  . 

2.  Dark  bliie  for  a  ground. — Decoction  of  logwood,  and  archil  thickened  with  stttc**" » 
to  which,  while  the  paste  is  hot,  a  little  soluble  Prussian  blue  is  added ;  and,  whei  i**  * 
eold,  neutralized  nitrate  of  iron ;  see  supra. 
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3.  Deep  poppy  or  ponceau  color, — Cochiacal  boiled  in  starch  water,  with  oxalic  add 
(or  tartaric),  and  percbloride  of  tin. 

4.  Rose. — Cochineal  infusion ;  oxalic  acid ;  perchloride  of  tin ;  thickened  with  gum. 

5.  Dark  amaranth. — Decoctions  of  archU  and  cochineal,  thickened  with  stareh :  to 
the  paste,  alnm  and  perchloride  of  tin  are  added. 

6.  Capmchin  color. — Quercitron  and  cochinc»l  thickened  with  starch ;  to  the  paste  add 
oxnlic  acid  and  perchloride  of  tin. 

7.  jSmotto  orange. — Dissolve  the  annotto  in  soda  ley,  of  spec.  grav.  1*07,  at  a  boiling 
heat ;  add  aluminate  of  soda,  and  thicken  with  gum. 

8.  Golden  yellow. — ^Decoction  of  Persian  berries  thickened  with  starch ;  to  which  some 
idnm  aad  muriate  of  tin  are  added,  with  a  little  perchloride  of  tin  and  oxalic  acul. 

9.  Lemon  yellow. — ^Persian  berries ;  starch ;  alum. 

10.  An  ammoniacal  solution  of  cochineal  is  used  for  making  many  violet  and  mallow 
colors.  It  is  prepared  by  infusing  cochineal  in  vrater  of  ammonia  for  24  hours ;  then 
diluting  with  water,  heating  to  ebullition,  and  straining. 

11.  Fim  vioUt  is  given  by  ammoniacal  cochineal,  with  alum  and  oxalic  add;  to  whidi 
a  little  weto-sulphate  of  ind^o  is  added,  and  gum  for  thickening.  The  following  blue 
may  be  used  instead  of  the  solution  of  indigo.  The  mallow  tint  is  given  by  adding  a 
Mttle  perchloride  of  tin  to  the  above  formula,  and  leaving  out  the  blue. 

IS.  Dark  blmen — Soluble  Prussian  blue ;  tartaric  acid ;  alum ;  thicken  with  gum. 
^  13.  Emerald  green. — One  quart  of  decoction,  equivalent  to  1  pound  of  Persian  ber- 
ries; 1  quart  of  infusion  of  quercitron,  of  spec.  grav.  1*027 ;  in  which  dissolve  12  ounces 
of  alum  in  powder ;  and  add  6  ounces  of  the  following  blue  bath  for  greens ;  thicken 
with  SO  ounces  of  gum. 

14.  Bine  bath  for  greens.  Half  a  gallon  of  vrater  at  140°  F.,  one  pound  of  soluble 
Pnusinn  blue,  3  ounces  of  tartaric  acid,  and  2  ounces  of  alum. 

L  Printing  of  SUke. — 1.  0/  the  madder  style.  This  is  one  of  the  most  difficult  to  eze- 
ente,  repairing  both  much  skiU  and  experience.  Tlie  first  step  is  the  removal  of  the  gum. 
A  ei^iper  being  neariy  filled  with  water,  the  pieces,  tied  up  in  a  linen  bag,  are  put  into 
it,  Witt  a  quarter  of  a  pound  of  soap  for  every  pound  of  silk,  and  are  boilol  for  3  hours. 
U  the  silk  be  Indian,  half  an  ounce  of  soda  crystals  must  be  added.  When  the  goods 
are  taken  out,  they  are  rinsed  in  the  river,  then  passed  through  water  at  140°  F.,  holding 
8  oonces  of  crystallized  soda  in  solution,  as  a  scourer.  They  are  next  rinsed  in  cold 
water,  and  steeped  in  water  very  faintly  acidulated  with  sulphuric  acid,  during  4  hours, 
then  rinsed,  and  dried. 

Preptaration  of  Mordant*. — 1  gallon  of  boiling  water ;  2  pounds  of  alum ;  dissolve : 

1  pound  of  aceUte  of  lead ;  4  ounces  of  sal-ammoniac ;  1  of  chalk ;  mix  wdl  together ; 
after  deeomposition  and  subsidence,  draw  off  clear. 

1.  Bid. — 1  gallon  of  the  above  mordant,  thickened  with  14  ounces  of  starch,  and 
tinged  with  decoction  of  Brazil-wood.  If  dark  red  be  wanted,  dissolve,  in  a  gallon  of 
the  above  red,  4  ounces  of  sulphate  of  copper. 

2.  BUuk. — 1  gallon  of  iron  liquor,  of  1*056  spec.  grav. ;  thicken  with  14  ounces  of 
itarcli ;  and  dissolve  in  the  hot  paste  2  ounces  of  sulphate  of  copper. 

3.  VioUin — ^Take  1  gallon  of  iron  liquor  of  1*04  spec.  grav. ; 

2  ounces  of  cream  of  tartar ;  2  ounces  of  nitre ;  2  ounces  of  copperas ; 
1  ounce  of  alum :  dissolve,  and  mix  the  solution  with 
1  gaUon  of  gum  water,  containing  6  lbs.  of  gum. 

4.  Pace* — Half  a  gallon  of  red  mordant ;  half  a  gallon  of  iron  liquor  of  1*07 ; 

7  ounces  of  starch  for  thickening ;  color  with  logwood. 
Manipulation  of  the  above  colors. — ^Print-on  the  black,  then  the  puce,  next  the  violet, 
vnd  lastly  the  red.    Dry  in  the  hot  fiue,  and  48  hours  after  the  impression,  wash  away 
*ke  paste.    The  copper  employed  for  dyeing  is  of  a  square  form :  a  boil  is  given  with 
V^ran,  at  the  rate  of  4  lbs.  per  piece  of  the  foulards  :  cold  water  is  added  to  lower  the 
^Ciiiperatare  to  130°  F.   The  pieces  must  be  entered  with  the  printed  surface  under- 
*lHMt,  and  winced  for  half  an  hour,  taking  care  to  keep  them  expanded  and  well  covered 
the  liquor :  they  are  then  taken  out  and  rinsed.    When  grounds  are  to  be  made  on 
foolards,  2  ounces  of  sumach  must  be  added  per  piece. 
Maddering. — Suppose  48  pieces  are  to  be  grounded  with  madder.    12  pounds  of  mad- 
^er  mnst  be  put  into  the  copper,  1  pound  of  sumach,  and  6  pounds  of  bran ;  the  bath 
^^ist  be  tepid  when  the  pieces  are  entered :  it  must  be  heated  to  104®  F.  in  20  minutes, 
^>ad  to  the  boiling  point  in  an  hour  and  a  half.   The  goods  must  be  briskly  winced  all 
tts«  time,  and  finally  turned  out  into  cold  water. 

When  they  come  out  of  the  madder  bath  they  are  much  loaded  with  color.  They  are 
^Wared  by  a  boil  of  half  an  hour  in  bran,  then  turned  out  into  cold  water,  and  rinsed.  A 
^Opyer  mnst  be  now  mounted  with  3  pounds  of  soap,  1  ounce  of  solution  of  tin,  and  2 
X^^iltfil  of  bran,  in  which  the  goods  are  to  be  boiled  for  half  an  hour,  then  rinsed,  and 
•^■"Msed  through  a  very  dilute  sulphuric  acid  bath.  Then  rinse,  and  dry.  By  following 
proeeM^  a  light  salmon  ground  is  obtained. 
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n.  Sftam  cohra  upon  silk, — The  same  plan  of  operations  may  be  adopted  here  as  « 
described  for  calico-printing ;  the  main  ditTcrence  being  in  the  method  of  mordanting  tke 
stufTs.  After  boiling  in  soap  water,  in  the  proportion  of  4  onnces  per  pound  of  silk,  the 
goods  are  watched  in  coM  water,  and  then  in  hot  water  at  140^ ;  they  are  next  rinsed, 
passed  through  weak  sulphuric  acid,  rinsed,  squeesed  between  rollers,  and  aAerwnids 
steeped  in  a  bath  containing  8  ounces  of  alum  per  gallon,  where  they  remain  fur  fuor 
hours,  with  occasionally  wincing.  They  are  now  rinsed  and  dried.  The  snbseqacBt 
treatment  resembles  that  of  steam-color  printed  cottons. 

Black. — Take  a  gallon  of  decoction,  made  with  4  lbs.  of  logwood,  with  which 
14  ounces  of  starch  are  to  be  combined :  mix  in 

2  ounces  of  powdered  nut-galls :  buil,  and  pour  the  color  into  a  pipkin  en- 
taining 

2  ounces  of  tartaric  acid ;  2  ounces  of  oxalic,  both  in  powder,  and 
2  ounces  of  olive  oil.   Stir  the  color  till  it  is  cold,  and  add 
8  ounces  of  nitrate  of  iron,  and  4  ounces  of  nitrate  of  copper. 
The  red,  violet,  lilach,  yellow  colors,  &c.  are  the  same  as  for  steam  colors  upon  oottos. 
Topical  colors  are  also  applied  without  mordanting  the  silk  beforehand.    In  this  cue  i 
little  muriate  of  tm  is  introduced.   Thus,  for 

Yellow. — Take  1  gallon  of  a  decoction,  made  with  4  lbs.  of  Persian  berries:  disaolTc 
in  it  8  ounces  of  salt  of  tin  (muriate),  and  4  oonces  of  the  nitio-mnikik 
solution  of  tin.   Thicken  with  2  pounds  of  jrum. 
Printing  of  foulard  pieces.   The  tables  which  sen-e  for  the  impression  of  silk  goods  ire 
so  constructed  as  to  receive  them  in  their  full  breadth.   Towards  the  part  betweea  the 
color  or  sieve  tub  and  the  table,  the  roller  is  mounted  upon  which  the  piece  is  woasd. 
 248  jjg  This  roller,  a  n,  Jif;.  2 16,  has  a  groove,  c,  cut  out  paraOd 

H—          p  tS^   to  its  axis.    Into  this  a  bar  is  pressed,  which  fixes  the  ead 

—  -J|p   of  the  piece.   The  head,  u,  of  the  roller  is  pierced  wilk 

several  holes,  in  which  an  iron  pin  passes  for  stopping  its 
n)tation  at  any  point,  as  is  shown  at  b.  At  the  cAher  cid 
'  of  the  table  there  is  placed  a  comb,  fig.  247,  whidi  ii 
supported  by  pivots  a  b  at  its  ends.  The  teeth  of  the  comb  are  on  «  level  with  tk 
cloth. 

The  piece  is  arrans^ed  fur  printinc:  as  follows  : — It  is  unwound,  and  its  end  is  bnmglt 
upon  the  teeth  of  the  comb,  and  made  to  pass  into  them  by  slight  taps  with  a  hnnh. 
It  is  now  stretched,  by  turning  round  the  roller,  and  fixing  it  by  the  pin-haodle. 
After  tracing  the  outline,  the  printing;  blocks  are  applied.  Care  should  be  taken,  ia 
the  course  of  printinv,  always  to  fix  the  tmh  of  the  comb  in  the  middle  line  between 
two  handkerchiefs.  The  operation  of  ground ing-in  is  much  facilitated  by  this  plan  of 
extension. 

The  pieces  ore  washed  in  runnin?  water,  and  must  be  rapidly  dried.  The  subseqaent 
dressing  is  given  by  gum  tragacanth :  they  arc  dried  upon  a  stretching  frame,  and  then 
folded  up  for  the  market. 

III.  Mandarinin^  of  silk  stujfi  and  chalys. — This  style  of  printing  depends  upon  the 
property  which  nitric  acid  possesses  of  giving  to  silk  and  woollen  stuflfs  a  yellow  eolor. 

The  first  step  is  the  scouring  with  a  soap  boil,  as  already  described. 

The  designs  are  printed-on  as  also  above  described. 

The  swimming  or  color  tub  is  usually  double,  and  serves  for  two  tables ;  instead  of 
being  placed,  therefore,  at  the  end  of  the  tal>le,  it  is  put  between  two,  and,  conse- 
quently, behind  the  printer.    It  is  formed  of  a 
copper  chest,  fig.  248,  a  b  c  d,  in  which  steam 
_  _        may  circulate,  introduced  by  the  pipe  i ;  the  cx- 

■^J^Tll    w    I'    -  — —  ifSSl^  ^^^^  being  allowed  to  escape  by  the  tube  j,  as  also 

\\'^\  the  water  of  condensation.   TTie  frame  is  placed 

in  the  hollow  box  k  k.  Between  two  such  frames 
there  is  u  plate  of  copper,  l,  which  closes  the  box ; 
it  serves  for  laying  the  plates  in  order  to  keep  then 
hot.  At  E  and  h  are  prolongations  of  the  box,  in  which  are  set  the  vessels  f  o  for  hold- 
ing the  reserve  paste. 

Preparation  of  the  reserve  or  resist  paste.— Mcli  in  a  kettle  2i  lbs.  of  rosin;  1 
lb.  of  suet;  mix  well,  and  put  it  into  the  basins  r'  o'.  By  means  of  steam  the 
reserve  is  kept  melted,  as  well  as  the  false  color  upon  which  the  sieve  floats.  The 
piece  of  silk  being  laid  upon  the  table,  and  the  reserve  spread  upon  the  frame,  the 
printer  heats  his  block,  which  should  be  mounted  with  lead,  if  the  pattern  will  per- 
mit,  upon  the  little  table  l.  He  takes  up  the  color  from  the  frame,  and  transfers 
it  instantly  to  the  piece.  He  must  strike  the  block  lightly,  and  then  lift  it,  lest,  by  its 
cooling,  ii  might  stick  to  the  silk.  When  the  table  pattern  is  completed,  he  dasts  it 
over  with  sand,  and  proceeds  to  another  portion  of  the  silk.   The  piece  most  sot  be 
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taken  out  of  the  stretch  till  it  is  quite  dry,  which  requires  usually  6  hours.  Let  us  con- 
sider first  the  most  common  case,  that  of  a  white  upon  an  orange  ground.  We  shall 
afterwards  describe  tlie  other  styles,  which  may  be  obtained  by  this  process.  The  piece^ 
being  printed  and  dry,  must  next  be  subjected  to  the  mahdarining  operation. 

The  apparatus  here  employed  consists  of  a  sandstone  trough 
A  B  c  D,  Jig.  2-19.  Upon  the  two  sides,  a  c,  b  Dy  cf  this  trough 
are  fixed  two  wooden  planks,  pierced  with  a  hole  an  inch  from 
the  bottom  to  receive  the  roller  k,  under  which  the  piece  passes. 
In  this  trough  the  acid  mixture  is  put.  That  trough  is  put  in- 
to a  wooden  or  copper  trough,  f  g  h  i.  Into  the  lattrr,  water 
is  put,  which  is  boated  by  means  of  steam,  or  a  conyenient  fur- 
nace. Before  and  behind  are  placed  two  winces,  or  reels,  k  l; 
one  serves  to  guide  the  piece  in  entering  into  the  trongh,  and 
the  other  in  its  leaving  it.  The  piece  foils  immediately  into  a 
stream  of  cold  water,  or,  failing  that,  into  a  large  back,  con- 
taining a  mixture  of  chalk  and  water.  The  two  winces  are 
moved  by  handles:  the  velocity  is  proportioned  to  the  action  of 
the  acid.  The  winre  i.  ought  to  be  higher  than  k,  to  allow  the 
aci  l  to  drain  o/T.   ii^.  250  shows  a  section  of  the  apparatus* 

The  temperature  of  the  acid  mixture  ought  to  be  maintained 
between  96°  and  100°  F. ;  for  if  it  be  raised  higher,  the  resist 
would  run  the  risk  of  melting,  and  the  impression  would  be- 
come irregular  and  blotty. 

The  proportions  of  the  acid  mixture  are  the  following : — 
1  gallon  of  water ;  and  1  gallon  of  nitric  acid,  of  spec.  grav. 
i '288,  which  may  be  increased  with  the  strength  of  the  silk.   It  should  be  a  little  weaker 
for  cliolys.   For  the  strong  greens  it  may  be  2  measures  of  acid  of  ]*2}^8  to  1  uicasure  of 
wmter.   The  duration  of  the  passage  through  the  acid  should  be  1  minute  at  most. 

Mixture  of  orange  color ^  and  clearing  away  of  the  resuL — The  goods,  on  coming  ont 
of  the  mandarining  apparatus,  are  rinsed  in  running  water ;  then  boiled  in  soap  water, 

![nicJcened  with  a  little  soda,  at  the  rate  of  2  lbs.  of  the  former  and  4  oz.  of  the  lattei 
or  a  piece  of  30  yards.  They  must  be  worked  by  the  wince  for  half  an  hour.  They 
•re  now  rinsed  in  cold  water,  then  passed  through  hot,  a^ain  rinsed,  and  dried.  I  shall 
give  some  examples  of  the  mode  of  manufacture,  which  is  undoubtedly  one  of  the  most 
curious  applications  of  chemical  ingenuity. 

1.  Orange  ground  vith  vhiie  figures, 

(1.)  Prittt^m  the  fat  reserve;  (2.)  mandarine;  (3.)  brighten  the  orange,  and  clear. 

2.  Orai^i  ground  vith  blue  figures, 

(1.)  Dip  in  the  indigo  vat  as  for  calico;  (2.)  print-on  the  fat  resist  to  preserve  the 
blue ;  (3.)  mandarine ;  (4.)  clear,  and  brighten  the  orange  by  the  boil. 

3.  Orange  ground^  uri/A  blue  and  white  figures, 

(J.)  Print-on  the  resist  to  preserve  the  white ;  (2.)  dip  in  the  vat,  rinse,  and  dry ;  (3.) 
ground-in  the  fat  resist  to  preserve  the  blue;  (4.)  mandarine;  (5.)  cleanse,  and  brighten. 

4.  Full  green  ground,  and  white  fibres, 

(1.)  Print-on  the  resist;  (2.)  mandarine,  and  rinse  without  drying;  (3.)  dip  in  the  blue 
Vat ;  (4.)  cleanse,  and  brighten, 
fi.  Full  green  ground,  and  blue  figures, 

(1.)  Dip  a  paJe  blue^  linsc, and  dry;  (2.)  print-on  the  fat  resist;  (3.)  mandarine, wash 
and  dry;  (4.)  dip  full  blue;  (5.)  clean,  and  brighten. 

6.  Full  green  ground,  with  white  and  blue  figures, 

(1.)  Print  on  the  resist ;  (2.)  dip  a  pale  blue,  and  dry;  (3.)  ground-in  the  fat  resist) 
C4.)  mandarine  and  rinse ;  (5.)  dip  a  full  blue  ;  (6.)  clean,  and  brighten.  • 

7.  Full  green  ground,  with  whi  e,  blue,  and  orange  figures, 

(I.)  Print-on  the  fai  reserve;  (2.)  dip  a  pale  blue,  and  dr>' ;  (3.)  ground-in  the  re- 
•|<&Tve;  (4.)  mandarine,  rinse,  and  dry,  (5.)  ground-in  the  reserve;  (6.)  dip  a  full 
v^loe;  (7.)  clean,  and  brighten. 

If  bine  grounds  with  white  figures  be  wanted,  the  resist  must  be  applied,  and  then 
^^e  goods  must  be  dipi)cd  in  the  blue  vat :  the  resist  is  afterwards  removed  by  a  boil  in 
^p-water. 

The  above  processes  arc  applicable  to  chalys. 

The  property  which  nitric  acid  possesses  of  staining  animal  matters  yellow,  such  as 
kc  dtin,  wool,  and  silk,  is  here  applied  to  a  very  elegant  purpose. 
Of  thi  bronze  or  solitaire  style  by  mandarining. — The  mandarining  mixture  is 
1  gallon  of  nitric  acid,  of  1'17  spec.  grav. ;  mixed  with  3  pints  of  solution  of  nitrate 
^^CiwB,  of  spec  grav.  If  the  quantity  of  nitrate  of  iron  be  increased,  a  darker 

"^-intwill  be  obtained.  The  temperature  of  the  mixture  should  be  94°  F.  The  pieces, 
^-^tt  mandarining,  are  let  fall  mt(  water,  anu  steeped  for  an  hour. 
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In  order  to  raise  the  bronze,  and  clear  away  the  fat  resist,  the  goods  must  be  bofled  h 
a  bath  of  soap  and  soda,  as  described  for  orange. 

1.  Bronzt  ground,  with  rchite  Jiguru, 

(1.)  Print-on  the  fat  resist;  (2.)  dip  in  the  bine  vat,  and  dry;  (3.)  pad  in  a  decoction 
of  logwood,  of  4  lbs.  per  gallon  ;  dry,  taking  care  to  tarn  over  the  selvages ;  (4.)  manda- 
rine, and  steep  in  water  for  an  hour;  (5.)  cleanse,  and  pass  through  soap. 

2.  Bronze  ground,  with  blue  figures. 

(1.)  Dip  in  the  blue  vat,  and  dry ;  (2.)  print-on  the  fat  resist;  (3.)  pad  in  the  above 
decoction  of  logwood,  and  dry ;  (4.)  mandarine,  and  steep  an  hoar ;  (5.)  cleanse,  and 
brighten. 

3.  Bronze  ground,  with  white  and  blue, 

(1.)  Print-on  the  fat  resist ;  (2.)  dip  in  the  bine  vat,  and  dry ;  (3.)  gronnd-in  the  fat  re- 
sist; (4.)  pad  in  the  logwood  liquor,  and  dry;  (5.)  mandarine,  and  steep  for  an  hour; 
(6.)  dcanse,  and  give  the  brightening  boil  with  soap. 

This  style  of  manufacture  may  be  executed  on  chalys;  and  is  capable  of  prodncisg 
beautiful  effects,  which  will  in  vain  be  sought  for  by  other  means. 

With  silks,  advantage  may  be  derived  from  various  metallic  solutions  which  possess 
the  property  of  staining  animal  substances;  among  which  are  nitrate  of  silver,  nitrate  of 
mercury,  and  muriate  of  iron.  The  solutions  of  these  salts  may  be  thicken«l  with  goo, 
and  printed-on. 

Jin  orange  upon  an  indigo  vat  ground. — Aflcr  the  blue  ground  has  been  dyed,  orange 
figures  may  be  produced  by  printing-on  the  following  discharge  paste : — 

1  gallon  of  water,  made  into  a  paste  with  1  pound  of  starch ;  when  cold,  add  to  it  from 
16  to  24  ounces  of  nitric  acid,  of  spec.  grav.  1*288.  After  fixing  the  color  by  stetD, 
the  orange  is  brightened  with  a  soap  boil. 

j8n  orange  upon  a  Pruttian-blue  ground. — The  dye  is  first  given  by  Pmssian  bloe  ii 
the  ordinary  way,  and  then  the  following  discharge  is  printed-on  : — 

A  caustic  ley  being  prepared,  of  1*086  specific  gra\-ity,  dissolve  in  a  sallon  of  it  3 
pounds  of  annotto,  and  thicken  with  3  pounds  and  a  quarter  of  gum.  Two  days  titer 
the  impresision  of  this  paste,  pass  the  goods  through  steam,  and  wash  them  ib  nuuuBg 
water.  With  these  two  designs,  the  logwood  and  gall-black,  formerly  described,  my  be 
associated,  to  produce  a  rich  effect. 

To  the  precedincr  practical  instructions  for  printing  calicoes,  silks,  woollens,  and  mixed 
fabrics,  made  of  the  two  latter,  a  few  annotations  may  be  added. 

When  a  uniform  color  is  to  be  applied  to  both  sides  of  the  cloth,  the  padding  processis 
employed  ;  but,  when  only  one  side  is  to  be  thus  colored,  diagonal  lines  are  cut  very  close- 
ly to  each  other  upon  the  cylinder,  which  transfer  so  much  color  from  the  trough  to  the 
cloth  passed  under  it  os  to  make  the  surface  appear  uniformly  stained.  This  process  is 
called  wattage  by  the  French.  Mordants  or  topical  dyes,  to  be  applied  in  this  way, 
should  not  be  much  thickened. 

The  dovbler  is  the  piece  of  felt  or  blanket  stuff  placed  between  the  cloth  to  be  printed, 
and  the  block  printing-table,  or  the  cylinders.  It  shouhl  be  kept  very  clean ;  because, 
were  it  soiled  with  acetate  of  iron,  it  would  spoil  all  the  light  shades  made  with  acetate 
of  alumina. 

Filters  for  the  color  shop  of  a  print-house  are  best  made  of  wool,  formed  into  a  snb- 
stantial  conical  cap  by  feltin?.    A  filler  ought  to  beset  apart  for  each  different  dye-stttff« 

When  the  goods  after  dyeing  are  washed,  by  being  held  by  the  selvage,  dipped,  tad 
shaken  in  a  stream  of  water,  the  process  is  called  giving  a  list  by  the  French  {douner 
lisiere).    The  piece  is  transferred  alternately  from  one  hand  to  another. 

Stains.  When  we  obser^'e  stains  produced  by  mordants  upon  spots  where  no  color  i* 
to  come,  we  must,  before  dunging  the  goods,  apply  a  little  of  the  lime-juice,  or  twctsX^ 
oxalic  acid  discharge  paste,  to  the  place.  If,  on  the  contrary,  the  stains  are  not  percei'^^ 
till  af\er  the  maddering,  we  must  then  apply  to  it  first  a  stronsr  solution  of  chloride  of  lU'* 
with  a  pencil,  next  a  solution  of  oxalic  acid  mixed  with  a  little  muriatic  with  anoli*^ 
pencil,  and  immediately  afterward  wash  with  water.  Every  madder  stain  will  be  eff»^*^ 
by  this  means. 

Kust  stains  are  removcablc  by  n  mixture  of  oxalic  and  muriatic  acids. 
Indigo  slains  by  the  combined  action  of  chloride  of  lime  and  muriatic  acid. 
Topical  yellow  stains,  or  yellow  dyes,  by  the  same  combination. 
Metallic  greens  and  Scheele's  green  by  the  acid  alone. 

Chrome  green,  and  Prussian  blue.   The  blue  may  be  taken  out  by  a  caustic  alk^^ 
after  which  the  goods  must  be  washed :  the  residuary  rust  stain  may  be  removed  by 
mixture  of  oxalic  and  muriatic  acids.    The  above  methods  refer  to  cotton  and  lii»^2 
The  stains  on  silk  and  woollen  stuffs  should  be  removed  before  fixing  the  colors  by  ^ 
soap  boil ;  which  may  generally  be  done  by  scratching  with  the  finger,  with  the  aid  c^* 
little  water. 

For  a  direct  calico  green,  see  oxyde  of  Chromk. 
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Mr.  Hudson,  of  Gale,  near  Rochdale,  obtained  a  patent,  in  December,  1834,  for  a  m^i 
chanism  which  famishes  a  continual  and  regular  supply  of  color  to  the  sieve  or  tew 
{tirtf  Fr.)»  into  which  the  printer  has  to  dip  his  block,  for  the  purpose  of  receiving  tha 
color  about  to  be  transferred  to  the  fabric  in  the  operations  of  printing  calicoes  or  paper 
hangings.  The  contrivance  consists  in  a  travelling  endless  web,  moved  by  power,  whieb, 
by  passing  progressively  from  the  color  vat  over  the  diaphragm,  brings  forward  continu* 
ously  an  equable  supply  of  the  colored  paste  for  the  workman's  block. 


or  cemented  to  render  the  joints  water-tight.  A  vertical  pipe  d  is  intended  to  conduct 
water  to  the  interior  of  the  vessel  a,  and,  by  a  small  elevation  of  the  column,  to  create 
such  upward  pressure  as  shall  give  to  the  diaphragm  a  slight  bulge  like  the  swimming 
tub. 

An  endless  webu  e  e  e,  passing  over  the  surface  of  the  diaphragm,  is  distended  over  three 
rollers, /g  A,  the  lower  of  which,/,  is  in  contact  with  the  color-roller  t  in  the  cokv^ 
troBgh  K.  On  the  axle  of  the  roller  t  a  pulley  wheel  is  filed,  which  allows  the  roller  to 
be  turned  by  a  band  from  any  first  mover ;  or  the  roller  may  receive  rotatory  motion  by  a 
winch  fixed  on  its  axle.  On  this  said  axle  there  is  also  a  toothed  wheel,  taking  into  a 
another  toothed  wheel  on  the  axle  of  the  roller/;  hence,  the  rotation  of  the  eolor-roUor 
t  in  the  one  direction  will  cause  the  roller  /  to  revolve  in  the  opposite,  and  to  carry  for- 
ward  the  endless  web  e  e  e,  over  the  elastic  diaphragm,  the  web  taking  with  it  a  stratum 
of  eolor  received  from  the  roller  t,  evenly  distributed  over  its  surface,  and  ready  for  the 
printer  to  dip  his  block  into. 

The  axles  of  the  rollers  /  and  g  turn  in  stationary  bearings ;  but  the  axle  of  A  is  mounted 
in  sliding  nuts,  which  may  be  moved  by  turning  the  screws  m,  for  the  purpose  of  tight- 
ening the  endless  web.  The  axle  of  the  color-roller  i  turns  in  mortises,  and  may  be  rais- 
ed by  screws  n  in  order  to  bring  its  surface  into  contact  with  the  endless  web.  To  pre- 
vent too  great  a  quantity  of  color  being  taken  up,  the  endless  web  passes  through  a  long 
ilit,  or  parallel  aperture,  in  a  frame  o,  which  acts  as  a  scraper  or  doctor,  and  is  adjusta- 
ble by  a  screw  p,  to  regulate  the  quantity  of  color  carried  up.  The  contents  of  the  vessel 
a,  and  of  the  color-trough  fc,  may  be  discharged  when  required  by  a  cock  in  the  bottom 
of  each.    See  Papkr  Hangings,  for  the  Fondu  style. 

CALOMEL.     {Chhrure  de  Mercure,  Ft,;   Vertusstes  QuecksUber,  Germ.)  The 
itiiki  protochloride  of  mercury.   The  manufacture  of  this  substance  upon  the  great  scale 
Mtmj  be  performed  in  two  ways.   The  cheapest  and  most  direct  consists  in  mixing 
1|  part  of  pure  quicksilver  with  1  part  of  pure  nitric  acid,  of  spec.  grav.  from 
X'2  to  1*25;  and  in  digesting  the  mixture  till  no  more  metal  can  be  dissolved,  or 
^aQ  the  liquid  has  assumed  a  yellow  color.   At  the  same  time,  a  solution  of  1  part 
«^  common  salt  is  made  in  32  parts  of  distilled  water,  to  which  a  little  muriatic  acid  is 
^jdded ;  and,  when  heated  to  nearly  the  boiling  point,  it  is  mixed  with  the  mercurial  sola- 
<>ion.    The  two  salts  exchange  bases,  and  a  protochloride  of  mercury  precipitates  in  a 
^^vbite  powder,  which,  aAer  being  digested  for  some  time  in  the  acidulous  supernatant 
Xaqoor,  is  to  be  washed  with  the  greatest  care  in  boiling  water.   The  circumstances  which 
M3DMJ  injure  the  process  are  the  following : — 1.  When  less  mercury  is  employed  than  the 
^Liil  can  dissolve,  there  is  formed  a  deuto-nitrate  of  mercury,  which  forms  some  corrosive 
Sublimate  with  the  common  salt,  and  causes  a  proportional  defalcation  of  calomel.   2.  If 
'die  liquors  are  perfectly  neutral  at  the  moment  of  mixing  them,  some  subnitrate  of  mer- 
«niry  is  thrown  down,  which  cannot  be  removed  by  washing,  and  which  gives  a  noxious 
^soatamination  to  the  bland  calomel.   The  acid  prescribed  in  the  above  formula  obviates 
UuB  danger. 

The  second  manner  of  manufacturing  calomel  is  to  grind  very  carefully  4  parts  of 
eocnstve  sobUmate  (bi-chloride  of  mercury)  with  3  parts  of  quicksilver,  adding  a  little  water 
<vipirit8  to  repress  the  noxious  dust  during  the  trituration.   The  mass  is  then  introduced 
iato  a  glass  globe,  and  sublimed  at  a  temperature  gradually  raised.   The  quicksOver 
^oabines  with  the  deutochloride,  and  converts  it  into  the  protochloride,  or  calomeL  The 


Fig.  251  represents  the 
construction  of  this  inge- 
nious apparatus,  shown 
partly  in  section,  a  a  is  a 
vessel  of  iron,  supported 
upon  wooden  standards  b  b, 
over  the  upper  surface  of 
which  vessel  a  sheet  or 
diaphragm,  c  c,  of  oiled 
doth,  or  other  snitaUe 
elastic  material,  is  dis- 
tended and  made  fast  at 
iU  edges  by  being  beat 
over  a  flange,  and  packed 
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fidUowinfr  fonnula,  upon  the  same  principle,  wis  recommeiided  to  the  chemieal  muiiiAfr 
turer  in  Brande's  Journal  for  July,  1818 : — 

Prepare  an  oxysulphate  of  mercury,  by  boiling  25  pounds  of  mercory  with  35  pooadi 
of  sulphuric  acid  to  dryness.  Triturate  31  pounds  of  this  dry  salt  with  20  pounds  4 
ounces  of  mercury,  until  the  globules  disappear,  and  then  add  17  pounds  of  commni 
salt.  The  whole  is  to  be  thorousrhly  mixed,  and  sublimed  in  earthen  vessels.  Belwect 
46  and  48  pounds  of  pure  calomel  are  thus  produced :  it  is  to  be  washed  and  levigatd 
in  the  usual  way."  The  above  is  the  process  used  at  Apothecaries'  Hall,  London.  Tbe 
oxysulphate  is  made  in  an  iron  pot ;  and  the  subh'mation  is  performed  in  earthen  ves- 
sels. The  crj'stalline  crust  or  cake  of  calomel  should  be  separated  from  the  accompanyin; 
gray  powder,  which  is  nearest  the  glass,  and  consists  of  mercury  mixed  with  corrosiTe 
sublimate. 

An  inf^enious  modification  of  the  latter  process,  for  which  a  patent,  now  expired,  mi 
obtained  by  Mr.  Jewell,  consists  in  coniloeting  the  sublimed  vapors  over  an  extensive  sur- 
face of  water  contained  in  a  covered  cistern.  The  calomel  thus  obtained  is  a  superior 
article,  in  an  impalpable  powder,  propitious  to  its  medical  efficacy. 

The  presence  of  corrosive  sublimate  in  calomel  is  easily  detected  by  digesting  alcohol 
upon  it,  and  testing  tbe  decanted  alcohol  with  a  drop  of  caustic  potash,  when  the  chaIl^ 
leristic  brick-colored  precipitate  will  fall,  if  any  of  the  poisonous  salt  be  present.  To 
detect  subnitrate  of  mercury  in  calnmel,  digest  dilute  nitric  acid  on  it,  and  test  the  acid 
with  potash,  when  a  precipitate  will  fall  in  case  of  that  contamination.  As  it  is  a  medi- 
cine so  extensively  administered  to  children  at  a  very  tender  age,  its  purity  ought  to  be 
scrupulously  watched. 

118  parts  of  calomel  contain  100  of  quicksilver. 
CALORIC.   The  chemical  name  of  the  power  or  matter  of  heat. 
CALOUIFERE  OF  WATER.    {Calori/tre  d'ea»,  Fr.;  TVataer-BtUxunt:^  Gcnn.) 
In  tbe  Dic/iotinaire  Techiolopiquey  vol.  iv.,  published  in  1823,  we  find  the  following  de- 
scription of  this  apparatus,  of  late  years  so  much  employed  in  Great  Britain  for  heatiaf 
conservatories,  &c.,  by  hot  water  circulating  in  pipes  : — 

^  This  mode  of  heatins;  is  analogous  to  that  by  stove-pipes :  it  is  effected  by  the  cires- 
lation  of  water,  which,  like  air,  is  a  bad  conductor,  but  may  serve  as  a  carrier  of  ctloric 
by  its  mobility.   AVe  may  readily  foim  an  idea  of  the  apparatus  which  has  been  employed 
for  this  purpose.   We  adapt  to  the  upper  part  of  either  a  close  kettle,  or  of  an  ordioiry 
cylindric  boiler  a,  Jig.  252,  a  tube  b,  which  rises  to  a  certtin 
height,  then  descends,  making  several  sinuosities  with  a  gentle 
slope  till  ii  reaches  the  level  of  the  bottom  of  the  boiler,  to  whose 
lowest  part,  as  that  which  is  least  heated,  it  is  fitted  at  c 
At  the  highest  iK)int  of  the  tube  f  we  adapt  a  vertical  pipe,  des- 
tined to  serve  as  an  outlet  to  the  steam  which  may  be  formed  if 
the  tempernture  be  too  much  raised  :  it  serves  also  for  the  es- 
cape of  the  air  expelled  from  the  water  by  the  heat :  and  it  per- 
mits the  boiler  to  be  replenished  from  time  to  time  as  the  water 
is  dissipated  by  evaiH)ration ;  lastly,  it  is  a  tube  of  safety. 

"  The  apparatus  bcin?  thus  arranged,  and  all  the  tubes  as 
well  as  the  boiler  filled  with  water,  if  we  kindle  fire  in  the  grate 
D,  the  first  portions  of  water  heated,  having  become  specifically 
lighter,  will  tend  to  rise  :  they  will  actually  mount  into  the  up- 
per jmrt  of  the  boiler,  and,  of  course,  enter  the  tube  b  r :  at 
the  same  lime  an  equivalent  quantity  of  water  will  re-enter  the 
boiler  by  the  other  extremity  c  of  the  tube.  We  perceive  that 
these  simultaneous  movements  will  detennine  a  circulation  in 
the  whole  mass  of  the  liquid,  which  will  continue  as  long  as  heat  is  generated  in  the  fire- 
place; and  if  we  suppose  that  the  tubes,  throughout  their  different  windings,  are  applied 
against  the  walls  of  a  chnmbiT,  or  n  stove-room,  the  air  will  get  warmed  by  contact  with 
the  hot  surfaces ;  and  we  may  accelerate  the  warming  by  multiplying  these  contacts  is 
the  mode  indicated. 

"This  calori/ire  cannot  be  employed  so  useflilly  as  those  with  heated  air,  when 
it  is  wished  to"  he  at  large  ai)artments.  In  fact,  the  passage  of  heat  through  metallic 
plates  is  in  the  ratio  of  the  dilference  of  temperature  and  quantity  of  the  heating  surfaces. 
In  the  present  case,  Uie  temperature  of  the  water,  without  pressure,  in  the  tubes,  must  be 
always  under  100°  C.  (212°  F.),  even  in  those  points  where  it  is  most  heated,  and  less 
still  in  all  the  other  points,  while  the  temperature  of  the  flues  in  air  stovtSy  heated  directly 
by  the  products  of  combustion,  may  be  greatly  higher.  In  these  stoves,  also,  the  pipes 
may  without  inconvenience  have  a  large  diameter,  and  present,  consequently,  a  large  heat- 
ing surface;  whereas,  with  the  water  calorifcre,  the  pressure  exercised  by  the  liquid  upon 
the  sides  of  the  tubes  being  in  the  ratio  of  the  surfaces,  wo  are  obliged,  in  order  to  avoid 
too  great  pressure,  to  employ  a  multitude  of  small  tubes,  which  is  expensiTe.   Lastly,  it 
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the  bot-wmter  drenlatkm  is  to  be  carried  hieh,  as  may  be  oflen  necessary  in  lofty  build- 
iagi^  the  prewure  resnlting  from  the  great  eleTation  would  call  for  proportional  thickness 
k  the  tabes  and  the  boiler :  for  these  reasctiis,  and  others  which  we  shall  state  in  treating 
of  kcatinic  by  steam,  it  appears  that  water  cannot  be  advantacconsly  substituted  for  air 
or  steam  in  the  applications  above  stated ;  yet  this  m'Klc  of  heatinsr  presents  very  decided 
idvantases  where  it  is  useful  to  raise  the  temperature  a  small  number  of  degrees  in  a 
onifbrm  manner."   See  Incubation,  ahtificial. 

Bonnemain  applied,  with  much  succe$.%  these  ingenious  proce:(scs  of  heating 
by  the  circulation  of  water,  to  maintain  a  very  equal  temperature  in  hot-houses  {serret- 
ehawiet),  in  stoves  adapted  to  ariilicial  incubation,  and  in  preserving  or  quickenins^  vege- 
tation within  hot-houses,  or  outside  of  their  walls,  during  seasons  unpropitious  to  horti- 
coltnre. 

•*  Since  the  capacity  of  water  for  heat  is  very  great,  if  the  mass  of  it  in  a  circulation- 
apparatus  be  very  consiJernblc,  and  the  circulation  be  accelerated  by  proper  arrangements, 
as  by  cooling  the  dcsceniliug  tube  exterior  to  the  stove- room,  we  may  easily  obtain  by  such 
means  a  moderately  h'iq;\\  and  uniform  temperature,  provided  the  heat  generated  in  the 
fire-place  be  tolerably  rei:ul.ir.  We  may  easily  st^urc  this  essential  point  by  the  aid  of 
the  fire-rfXHlutor,  an  in«iniment  iovcnteJ  by  M.  Bonnemain,  and  which  is  described  un- 
der the  article  Incvbation',  because  there  its  use  seems  to  be  indispensable.'* 

Fnim  the  above  quotation,  and,  more  esfM'cially,  from  the  eviJence  adduced  in  the  ar- 
tiele  IvcuBATio.v,  we  see  how  little  claim  the  Marrpiis  de  Chabanncs,  or  any  of  his  fbl- 
lovem,  can  have  to  invention  in  their  arrangements  fur  heatin?  apartments  by  the  calorific 
motions  of  the  particl»*s  of  water,  enc'o?e<l  in  i>ipes  of  any  kind. 

CAMBRIC.  (Bn/i.i!e,  Fr.  ;  KammrrfHchy  Germ.)  A  sort  of  very  fine  and  rather  thin 
lisfn  fabric,  first  made  at  Cambray.  An  excellent  imitation  of  this  fhbric  is  made  in 
Laoca^hire,  woven  from  fine  cotton  yarn  hard  twisteil.  Linen  cambric  of  a  good  quality 
iialM  now  manufaeturei!  in  the  United  Kiniiilom  from  ))owcr-spun  flax. 

CAMLET,  oa  CAMBLKT.    A  liaht  stufl',  much  used  for  female  opparel.    It  is  made 
of  Ion?  wool  hard  spun,  vom^'times  mixed  in  the  loom  with  cotton  or  linen  yam. 

CAHPHOR,  oa  CAMPHIRK.  This  immediate  product  of  vegetation  was  known  to 
tte  Arabs  ander  the  names  of  kamphur  and  kaphurj  whence  the  Greek  and  Latin  name 
tamptiora.  It  is  fnun  l  in  n  great  many  plants,  and  is  secreted,  in  purity,  by  several  laa- 
reb;  it  occurs  combined  with  the  essential  oils  of  many  of  the  labiaca ;  but  it  is  extract- 
ed, for  mannfacturing  purposes  only,  from  the  Laurus  camphora,  which  abounds  in  China 
nil  Jspan,  as  well  as  from  a  tree  which  &:rows  in  Sumatra  and  Borneo,  called,  in  the 
coQotry,  Kapour  harrow,  from  the  name  of  the  place  where  it  is  most  common.  The  cam- 
phor pxists,  roaily  formed,  in  these  vegetables,  between  the  wood  and  the  bark ;  but  it 
does  not  exude  spontaneously.  On  cleaving  the  tree  Laurus  aumafrensii,  masses  of  pare 
ctQpbor  arc  found  in  the  pith. 

liie  woikI  of  the  laurus  is  cut  into  small  pieces,  and  put,  with  plenty  of  water,  into 
Ivipe  iron  twilers,  which  are  covered  wiih  an  earthen  capital  or  dome,  lined  within  with  • 
nee  straw.   As  the  water  boils,  the  camphor  rises  with  the  steam,  and  attoches  itself  as 
•  lablimate  to  the  stalks,  under  the  form  of  irmnulations  of  a  i?ray  color.   In  this  state^ 
iliipiekeil  off  the  straw,  and  packed  up  for  ex|)ortation  to  Europe. 

Formerly  Venice  held  the  monopoly  of  refminz  camphor,  but  now  France,  En'srlandy 
BoUtvl,  and  Germany  refine  it  for  their  own  markets.  All  the  purifying  pr<»cc«ses  pro- 
ceed on  the  principle  that  camphor  is  volatile  at  the  temperature  of  400°  F.  The  sub- 
itiBee  is  mixed,  as  intimately  as  possible,  with  2  per  cent,  of  quicklime,  and  the  mixture 
if  iotroducei  into  a  Inrge  bottle  made  of  thin  uniform  class,  sunk  in  a  sand  bath.  The 
Ire  is  «|nwly  raised  till  the  whole  vessel  becomes  heated,  and  then  its  ufiper  part  is  gradv- 
illy  laid  bare  in  prop<jrtion  as  the  sublimation  vors  on.  Much  attention  and  experience 
tre  reqaire:]  to  make  this  operation  succec<l.  If  the  temperature  be  raised  too  slowly, 
(be  neck  nf  the  bottle  might  be  filled  with  camphor  before  the  heat  had  acquirer)  the 
proper  sublimins  pilch ;  and,  if  too  quickly,  the  whole  contents  might  be  exploded.  If 
Ueoperalion  be  carried  on  lanstuidly,  and  the  heat  of  the  upper  part  of  the  bottle  be 
iOBewhat  under  the  meltinir  point  of  camphor,  that  is  to  say,  a  little  under  .350°  F.,  the 
fvedensed  camphor  would  be  snowy,  and  not  sufficiently  compact  and  transparent  to  be 
aleahle.  Occasionally,  sud<Ien  alternations  of  temperature  cause  little  jets  to  be  thrown 
ap  oat  of  the  liquid  camphor  at  the  bottom  upon  the  cake  formed  above,  which  soil  it^ 
nd  reaier  its  r^subllmation  necessary. 

If,  to  the  mixture  of  100  parts  of  crude  camphor  and  2  of  quicklime,  2  parts  of  bone- 
Uadc,  in  fine  powder,  be  added,  the  small  quantity  of  coloring  matter  in  the  camphor 
wfll  be  retained  at  the  bottom,  and  whiter  cakes  will  be  produced.  A  spiral  slip  of  plft- 
tiu  foil  immerMd  in  the  liquid  may  tend  to  equalize  its  ebullition. 

By  exposinjc  some  Tolatile  oils  to  spontaneous  evaporation,  at  the  heat  of  abont  70^ 
PiWMt  obtmiocd  a  residuum  of  camphor ;  from  oil  of  lavender,  25  per  cent,  of  iti  wci^ } 
inm  oil  of  sage,  121 ;  from  oil  of  marjoram,  10. 
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Refined  camphor  is  a  white  translacid  solid,  possessing  a  peculiar  taste  and  smelL  It 
may  be  obtained,  from  the  slow  coolineof  its  alcoholic  solution,  in  octahedral  crystals.  It 
may  be  scratched  by  the  nail,  is  very  flexible,  and  can  be  reduced  into  powder  merely  by 
mixing  it  with  a  few  drops  of  alcohol.  Its  specific  gravity  varies  froin  0*985  to  0-996. 
Mixed  and  distilled  with  six  times  its  weight  of  clay,  it  is  decomposed,  and  yields  a  golden 
yellow  aromatic  oil,  which  has  a  flavor  analogous  to  that  of  a  mixture  of  thyme  and  rose- 
'  mary ;  along  with  a  small  quantity  of  acidulous  water  tinged  with  that  oil,  charcoal  re- 
mains in  the  retort.  In  the  air,  camphor  takes  fire  on  contact  of  an  ignited  body^  and 
burns  all  away  with  a  bright  fuliginous  flame. 

Camphor  is  little  soluble  in  water ;  one  part  being  capable  of  commanicating  smell  and 
taste  to  1000  of  the  fluid.  100  parts  of  alcohol,  spec.  grav.  0-806,  dissolve  120  parU  of 
camphor,  at  ordinary  temperatures.  It  is  separated  in  a  pulverulent  state,  by  water.  Ether 
and  oils,  both  expressed  and  volatile,  also  dissolve  it. 

When  distilled  with  eight  parts  of  aquafortis,  camphor  is  converted  into  camphoric  acid. 
Camphor  absorbs  144  times  its  volume  of  muriatic  acid  ga^  and  is  transformed  into  a  col- 
orless transparent  liquid,  which  becomes  solid  in  the  air,  because  the  add  attracts  hu- 
midity, which  precipitates  the  camphor.  One  part  of  strong  acetic  acid  dissolves  two 
parts  of  camphor.  By  my  analysis,  camphor  consists  of  77*38  carbon,  II -14  hydrogen, 
and  11*48  oxygen.    Berzelius's  numbers  are  certainly  erroneous. 

CAMWOOD.  An  article  imported  from  Sierra  Leone,  which  seems  to  possess  amilar 
dyeing  powers  with  Brazil  or  Nicaragua  wood. 

CANDLE.  (Chandelky  Fr. ;  Kerze,  Lickt,  Germ.)  I  shall  first  briefly  describe  the 
ordinary  manufacture  of  candles.  They  are  either  dipped  or  moulded.  But  the  first 
part  of  the  process  is  the  sortini;  of  the  tallow.  Muttoa  suet  with  a  proportion  of  ox- 
tallow  is  selected  for  mould  candles,  because  it  gives  them  gloss  and  consistence.  Coaner 
tallow  is  reserved  for  the  dipped  candles.  Afler  being  sorted,  it  is  cut  into  small  piece^ 
preparatory  to  being  melted  or  rendered ;  and  the  sooner  this  is  done  after  the  fat  is 
taken  from  the  carcass  the  better,  because  the  fibrous  and  fleshy  matters  mixed  with  it 
promote  its  putrefaction.  Tallow  is  too  commonly  melted  by  a  naked  fire  applied  to 
the  bottom  of  the  vessel,  whereas  it  should  be  done  either  in  a  cold  set  pan,  where  the 
flame  plays  only  round  the  sides  a  little  way  above  the  bottom,  or  in  a  steam-cased  ptn. 
After  being  fused  a  considerable  time,  the  membraneous  matters  collect  at  the  snrfiice, 
constituting  the  cracklings  used  sometimes  for  feeding  dogs,  after  the  fat  has  been 
squeezed  out  of  it  by  a  press.  The  liquid  tallow  is  strained  through  a  sieve  into  another 
copper,  where  it  is  treated  with  water  at  a  boiling  temperature  in  order  to  wash  it.  Af- 
ter a  while,  when  the  foul  water  has  settled  to  the  bottom,  the  purified  tallow  is  lifted  out, 
by  means  of  tinned  iron  buckets,  into  tubs  of  a  moderate  size,  where  it  concretes,  and  is 
ready  for  use. 

It  Ls  a  remarkable  circumstance,  that  the  wicks  for  the  best  candles  are  stfll  cotton 
rovings  imported  from  Turkey,  notwithstanding  the  vast  extension  and  perfection  of 
cotton-spinning  in  this  country.  Four  or  more  of  these  Turkey  skeins,  according  to  the 
intended  thickness  of  the  wick,  are  wound  oflf  at  once  into  bottoms  or  clews,  and  after- 
ward cut  by  a  simple  machine  into  lengths  corresponding  to  those  of  the  candles  to  be 
made.  Mr.  Colebank  obtained  a  patent,  in  June,  1822,  for  a  machine  for  cutting,  twist- 
ing, and  spreading  wicks,  which,  though  convenient,  does  not  seem  to  have  come  into 
general  use.  The  operations  are  performed  upon  a  series  of  threads  at  once.  The  ap- 
paratus is  placed  in  a  box,  in  front  of  which  the  operator  sits.  A  reel  extends  across 
the  box,  at  the  hinder  part,  upon  which  the  cotton  threads  have  been  previously  wound : 
from  this  reel  they  are  drawn  oft*  in  proper  lengths,  doubled,  and  cut  by  an  ingenious  me- 
chanism. By  dipping  the  wicks  into  the  melted  lallow,  rubbing  them  between  the  palms 
of  the  hands,  and  allowing  the  tallow  which  adheres  to  harden,  they  may  be  arranged 
with  facility  upon  the  broaches  for  the  purpose  of  dipping.  The  dipping-room  is  fur- 
nished with  a  boiler  for  melting  the  tallow,  the  dipping-mould,  or  cistern,  and  a  large 
wheel  for  supporting  the  broaches.  From  the  ceiling  of  the  workshop  a  long  balance- 
shaped  beam  is  suspended,  to  one  end  of  which  a  wooden  frame  is  attached  for  holding 
the  broaches  with  the  wicks  arranged  at  proper  distances.  The  opposite  arm  is  loaded 
with  a  weight  to  counterbalance  the  wooden  frame,  and  to  enable  the  woikman  to  ascer- 
tain the  proper  size  of  the  candles.  The  end  of  the  lever  which  supports  the  frame  is 
placed  immediately  above  the  dipping-cistern ;  and  the  whole  machine  is  so  balanced  that, 
by  a  gentle  pressure  of  the  hand,  the  wicks  are  let  down  into  the  melted  tallow  as  often 
as  may  be  required. 

The  following  convenient  apparatus  for  dipping  candles  has  been  long  in  use  at  Edin- 
burgh. In  the  centre  of  the  dipping-room  a  strong  upright  post  a  a,  fig,  263,  is  erected, 
with  turning  iron  pivots  at  its  two  ends.  Near  its  middle,  six  mortises  are  cut  at  small 
distances  from  one  another,  into  each  of  which  is  inserted  a  long  bar  of  wood  b  b,  which 
moves  vertically  upon  an  iron  pin,  also  passing  through  the  middle  of  the  shaft.  The 
whole  presents  the  appearance  of  a  large  horizontal  wheel  with  twelve  arms.  A  complete 
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fiew  1/  two  of  them  only  is  given  in  the  figure.  From  the  extremity  of  each  arm  is 
Mspended  a  frame,  or  port,  as  the  workmen  call  it,  containing  6  rods,  on  each  of  which 


tke  Mlcfa  c  in  the  lever.  As  one  end  of  the  levers  must  be  depressed  at  each  dip, 
Ue  square  piece  of  wood  is  thrown  out  of  the  notch  by  the  workman  pressing  down 
tke  htadle  which  communicates  with  the  small  lever  e,  inserted  into  a  groove  in 
tl^  btr  B.  lo  order  that  the  square  piece  of  wood,  fixed  in  one  extremity  of  the  chain, 
■ttf  recover  its  position  upon  the  workman's  raising  the  port,  a  small  cord  is  attached 
to  it,  which  passes  over  a  pulley  inserted  in  a  groove  near  r,  and  communicates  with 
•lolker  pulley  and  weight,  which  draws  it  forward  to  the  notch.  In  this  way  the 
opoKion  of  dipping  may  be  conducted  by  a  single  workman  with  perfect  ease  and 
Rgnlarity,  and  even  despatch.  No  time  is  lost,  and  no  unnecessary  labor  expended, 
i>  removing  the  ports  after  each  dip ;  and,  besides,  the  process  of  cooling  is  much  ae- 
cdnted  by  the  candles  being  kept  in  constant  motion  through  the  air.  The  number  of 
'VTototions  which  the  wheel  must  make,  in  order  to  complete  one  operation,  must  ob- 
vimsly  Qepend  upon  the  state  of  the  weather  and  the  size  of  the  candles ;  but  it  is  said 
t^ia  moderately  cold  weather,  not  more  tlian  two  hours  are  necessary  for  a  single  per- 
xm  to  finish  one  wheel  of  candles  of  a  common  size.  Upon  the  supposition,  therefore, 
littt  lix  wheels  arc  completed  in  one  day,  no  less  a  number  than  7776  candles  will  be 
Biioofaetm^  in  that  space  of  time  by  one  workman. 

I  ihsll  next  describe  the  process  of  mouldim?,  which,  if  possible,  is  even  less  com- 
plicated in  its  details  than  that  of  dipping.  The  moulds  are  made  of  some  metallie 
nbitince,  usually  pewter,  and  consist  of  two  parts.  The  shaft  or  great  body  of  the 
Boald  is  a  hollow  c>  linder,  finely  polished  in  the  inside,  and  open  at  both  extremities. 
The  lop  of  the  mould  is  a  small  metallic  cup,  having  a  moulding  within-side,  and  a  hole 
to  idmit  the  wick.  The  two  parts  are  soldered  together,  and  when  united,  as  will  ret- 
%  be  imagined,  have  the  shape  of  a  moulded  candle.  A  third  piece,  called  the  foot,  is 
MiMimes  ^ded  :  it  is  a  kind  of  small  funnel,  through  which  the  liquid  tallow  runs  into 
Ihe  Boold,  and,  being  screwed  to  the  opposite  extremity  of  the  shah,  is  removeable  at 
pfeMore.  This  additional  piece  may  certainly  be  useful  in  very  mild  weather,  since,  by 
iCBOviDff  it,  the  candles  may  be  drawn  more  easily  from  the  moulds ;  but,  in  general,  U 
my  be  dispensed  with. 

Eight  or  twelve  of  these  moulds,  according  to  their  size,  are  fixed  in  a  frame,  which 
Wvs  ft  gr^t  resemblance  to  a  wooden  stool,  the  upper  surface  of  which  forms  a  kind  of 
liOTgh.  The  top  of  the  mouUs  points  downwards,  and  the  other  extremity,  which  it 
opm,  is  inserted  into  the  bottom  trough  or  top  of  the  stool,  and  made  quite  level  with  its 
vpper  sorface.  In  order  to  introduce  the  wicks  into  the  mould,  the  workman  lays  the 
nae  vpon  its  side  on  an  adjoining  table,  and  hoUing  in  his  left  hand  a  quantity  of  wieks, 
liCTiDosly  cut  to  the  proper  length,  he  introduces  into  the  mould  a  long  wire  with  a 
hooked  point.  As  soon  as  the  hook  of  the  wire  appears  through  the  hole  in  the  top  of 
the  BO«ld,  he  attaches  to  it  the  looped  end  of  the  wick,  and,  inunediately  drawing  back 
Ike  wire,  carries  the  wick  along  with  it.  In  this  manner  each  mouM  in  succession  it 
tnUked  with  a  wick.  Another  workman  now  follows,  and  passes  a  small  wire  through 
fht  loop  of  each  wick.  This  wire  is  obviously  intended  to  keep  the  wick  stretched,  and 
li  nvwt  it  from  falling  back  into  the  mould  upon  the  frame  being  placed  in  the  proper 
PMM  for  illisg.   The  ftame  is  then  handed  to  the  person  that  fills  the  moulds,  who 


are  hung  18  wicks,  making  the  whole 
number  of  wicks  upon  the  wheel  1296. 
The  machine,  though  apparently  heavy, 
turns  round  by  the  smallest  efibrt 
of  the  workman;  and  each  port,  as 
it  comes  in  succession  over  the  dip- 
ping-mould, is  gently  pressed  down- 
wards, by  which  means  the  wicks  are 
regularly  immersed  in  melted  tallow. 
As  the  arms  of  the  lever  are  all  of  the 
same  length,  and  as  each  is  loaded 
with  nearly  the  same  weight,  it  is 
obvious  that  they  will  all  natorally 
assume  a  horizontal  position.  In  or- 
der, however,  to  prevent  any  oscil- 
lation of  the  machine  in  turning 
round,  the  levers  are  kept  in  a  hori- 
zontal position  by  means  of  small 
chains  a  a,  one  end  of  which  is  fixed 
to  the  top  of  the  upright  shaft,  and 
the  other  terminates  in  a  small  square 
piece  of  wood,  b,  which  exactly  fills 
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preriotuly  arranges  the  small  wires  in  such  a  manner  that  each  wiek  may  be  ezael^  it 

the  middle  of  the  mould. 

The  moulds  are  filled  by  running  tallow  into  each  of  them,  or  into  the  troughy  fnn  a 
dstem  famished  with  a  cock,  and  which  is  regularly  supplied  with  tallow  of  the  proper 
temperature  from  an  adjoining  boiler.   When  the  worknum  observes  that  the  moulds  aie 
nearly  half  filled  he  turns  the  cock,  and,  laying  hold  of  that  portion  of  the  wicV  which  haags 
out  of  the  mould,  pulls  it  tight,  and  thus  prevents  any  curiiog  of  the  wide,  which  migfat 
injure  the  candles :  he  then  opens  the  cock,  and  completes  the  process  of  filling.  Tie 
frame  is  now  set  aside  to  cool ;  and  when  the  tallow  has  acquired  a  proper  conaistenee, 
which  the  workman  easily  discovers  by  a  snapping  noise  emitted  by  the  candle  upoi 
pressing  his  thumb  against  the  bottom  of  the  moulds,  he  first  withdraws  the  small  wirei 
which  kept  the  wicks  tense,  and  then,  scraping  off  the  loose  tallow  from  the  lop  of  tk 
frame  with  a  small  wooden  spade,  he  introduces  a  bodkin  into  the  loop  of  the  wick,  and 
thus  drawl's  each  candle  in  succession  from  its  mould.   The  candles  are  now  laid  npos  a 
table  for  the  inspection  of  the  exciseman,  and  aflerwards  removed  to  the  storehrase. 
Previous  to  storing  them  up,  some  candle-makers  bleach  their  candles,  by  exposing  tboD 
to  the  air  and  drws  for  several  days.   This  additional  labor  can  be  necessary  only  wha 
the  dealer  is  cbligril  to  hove  eaily  sales ;  for  if  the  candles  are  kept  for  some  months,  u 
they  ought  to  bo,  before  they  are  brought  to  market,  they  become  sufficiently  whitesed 
by  ace. 

Wax  candks. — Next  to  tullow,  the  substance  most  emploj'cd  in  the  manufactne 
of  candles  is  wax.  Wax  candles  are  made  either  by  the  hand  or  with  a  ladle.  In  tk 
former  case,  the  wax,  being  kept  soA  in  hot  water,  is  applied  bit  by  bit  to  the  widt, 
which  is  hung  from  a  hook  in  the  wall ;  in  the  latter,  the  wicks  are  hung  round  an  inii 
circle,  placed  immfnliately  over  a  large  copper-tinned  basin  full  of  melted  wax,  whickii 
poured  upon  their  tops,  one  after  another,  by  means  of  a  large  ladle.  VHien  the  candla 
have  by  either  piocess  acquired  the  proper  size,  they  are  taken  from  the  hooks,  ui 
rolled  upon  a  table,  usually  of  walnut-tree,  with  a  long  square  instrument  of  box,  semnA 
at  the  bottom. 

A  few  years  apo  I  made  a  set  of  experiments  upon  the  relative  intensities  of  light,  ttd 
duration  of  diilercnt  candles,  the  results  of  which  are  contained  in  the  foOowiag 
table. 


Nnnber  id  •  pound. 

Duration  of  a 
caudle. 

Weight  in 
grains. 

682 
672 
856 
1160 
1707 

('onaamptinn 
(•er  hour  in 
graioi. 

132 
150 
132 
163 
186 
512 

Proportion 
uf  light. 

Er.cmoaiy 
of  light. 

Cudlc* 
rqna)  ma 
Argand. 

10  mould  -    -  - 
10  dipped-   -  - 
8  mould  -    -  - 
6  ditto    -   -  - 
4  ditto   -    -  - 
Argand  oil  flame 

A.  m. 

5  9 

4  36 

6  31 

7  2^ 
9  3-6 

12i 
13 

m 

20i 
69-4 

68 
65i 
59i 
66 
80 
100 

6-7 

5-  25 

6-  6 
50 
3-5 

A  Scotch  mutchkin,  or  ^  of  a  gallon  of  good  seal  oil,  weighs  6010  gr.,  or  13^ 
avoirdupois,  and  lasts  in  a  bright  Argand  lamp  11  hours  44  minutes.  The  weight  of 
oil  it  consumes  per  hour  is  equal  to  4  times  the  weight  of  tallow  in  candles  8  to  tke 
pound,  and  ^  the  weight  of  tallow  in  candles  6  to  the  pound.  But,  its  light  being  equal 
to  that  of  5  of  the  latter  candles,  it  appears  from  the  above  table  that  2  pounds  weight  of 
oil,  value  9r/.  in  an  Argand,  are  equivalent  in  illuminating  power  to  3  pounds  of  taDov 
•candles,  which  cost  about  two  shillings.  The  larger  the  flame  in  the  above  candles  tlie 
greater  the  economy  of  light. 

In  June,  1825,  M.  Gay  Lussac  obtained  a  patent  in  England  for  making  candles  from 
margaric  and  stearic  acids,  improperly  called  stearine,  by  converting  tallow  into  the  abofO 
fat  acids  by  the  following  process : — Tallow  consists,  by  Che^TeuFs  researches,  of  steariae, 
a  solid  fat,  and  claine,  a  liquid  fat ;  the  former  being  in  much  the  larger  proportioii. 
When  tallow  is  treated  with  an  alkaline  body,  such  as  potash,  soda,  or  lime,  it  is  saponifi^; 
that  is,  its  stearine  and  elaine  become  respectively  stearic  and  elaic  acids,  and,  as  sndi, 
form  compounds  with  these  bases.  When  by  the  action  of  an  acid,  such  as  the  snlphvie 
or  muriatic,  these  combinations  are  decomposed,  the  fats  reappear  in  the  altered  Ibnn  of 
stearic  and  elaic  acids;  the  former  body  being  harder  than  tallow,  and  of  a  texture 
somewhat  like  spermaceti,  the  latter  body  being  fluid,  like  oil.  The  decomposition  of  the 
soap  should  be  made,"  says  the  patentee,  "in  a  large  quantity  of  water,  kept  well  ttiired 
during  the  operation,  and  warmed  by  steam  introduced  in  any  convenient  way.  When 
the  mixture  has  been  allowed  to  stand,  the  acid  of  the  tallow  or  fat  will  rise  to  the 
surface,  and  the  water  being  drawn  oflT  will  carry  the  alkaline  or  saline  matters  with  it; 
but  if  the  acids  of  the  tallow  should  retain  any  portion  of  the  salts,  fresh  water  may  be 
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tkrwrn  upon  it,  and  the  whole  well  ajritatcd,  until  the  aciils  hnve  l>ecomc  perfectly  free 
fmD  Ihc  alkaline  matters ;  and,  when  allowed  to  cool,  ihe  nc^ds  will  he  Jonr.t  d  into  a  solid 
ma.  Thif  mafs  is  now  to  be  submitted  to  considerable  pressure  in  such  nn  apparatus 
» i»nnployed  in  expressini?  oil  from  seeds ;  when  the  liquiJ  acid  will  run  oil"  in  the  form 
oTafDlwtance  resemblin!?  oil,  leaving  a  soiiJ  matter,  similar,  in  ever}'  respect,  to  spenna- 
crti,  wtiich  i«  fit  for  making  candles. 

The  wick  lo  be  used  in  the  manufacture  of  these  improved  cantlles,  and  which  forms 
OK  of  the  features  of  (his  invention,  is  to  be  made  of  cotton  yarn,  twisted  rather  hard, 
fiid  hhJ  in  the  wmc  mannci  as  wire  is  sometimes  coiled  round  the  bnf^s  strings  of  musi- 
cal in<troments.  Tor  this  piiriwsc,  straieht  rods  or  wires  are  to  be  procurc<l,  of  suitable 
Ingth^  and  diameters,  occordin?  to  the  intended  sixe  of  the  candles  ab<*ut  to  be  made ; 
ladlheK  wires,  havini?  been  coveretl  with  cotton  coiled  round  them  as  described,  are  to 
br  nHefteJ  in  the  candle-mouMs  as  the  common  wicks  are ;  and  when  the  candle  is  made, 
acil  prfecily  hard,  the  wire  is  to  be  withdra^vn,  lenvin?  a  hollow  cylindrical  aperture 
cBtirrlr  lliroush  the  niidiile  of  the  cnndle.   Sec  Stcarixk. 

CAN'F-MILL.      e  Mill  and  Sugar. 

CANXOy.    For  the  cfimi>o.<>ition  of  these  implements  of  destruction,  sec  Bronze. 

CAXVASS.  (CaHCnn,  Fr.;  Sfgelhich,  Genu.)  It  has  been  found  that  sails  of  ships 
adp  with  the  selvages  and  scams  of  the  canvass  runnin?  down  parallel  to  their  edges, 
Iff  very  apt  to  ba?,  and  become  torn  in  the  middle,  from  the  strain  to  which  they  are  sab- 
j«i*il  b\-  the  pressure  of  the  wind.  To  obviate  this  inconvenience,  a  mode  of  making 
nil^wiih  the  seams  and  sel\'agesrunninj;dias?onnIly,  was  proposed  by  Admiral  Brooking, 
■kIi  patent  granted  to  him  fur  the  same  on  the  4lh  of  Septernbi'r,  182^^.  The  invention 
tf  Mc<srs.  Ramsay  and  Orr,  which  we  are  about  to  describe,  has  a  similar  object,  viz., 
ibl  of  living  additional  strength  to  sails  by  a  peculiar  manner  of  weaving  the  canyass 
df  which  they  are  made. 

The  improvement  propose<l  under  their  patent  of  March,  I80O,  consists  in  weaving  the 
caorass  with  diagonal  threads;  that  is,  placin?  the  wef\  yarn,  or  shoot,  in  weaving,  at  an 
ohliiiri?  angle  to  the  warp  yarns,  instead  of  makin?  the  decussation  of  the  warp,  or  weft 
thrf«l«,  or  yarns,  nt  right  angles  to  each  other,  as  in  the  ordinary  mode  of  weaving. 

To  accomplish  this  object,  the  loom  must  be  peculiarly  constructed ;  that  is,  its  warp 
aad  work  beams  must  stand  nt  an  oblique  ancle  with  the  sides  of  the  loom,  and  the  batten 
ami  flay  mast  be  hung  in  a  peculiar  manner,  in  order  to  beat  up  Ihe  weft,  or  shoot,  in 
liB^niosinj^  diagonally  with  the  warp.  No  drawinir  is  shown  of  the  method  by  which 
this  amnsemcnt  of  the  loom  is  to  he  mnde,  but  it  is  presumed  that  any  weaver  would 
^■ow  how  tt»  accompli*^h  it :  the  invention  con^istin?  solely  in  producing  sail-cloth  with 
Ihe  threads  or  yarns  of  the  weft  ranging  diagonally  at  any  desired  angle  with  the  direc- 
liofl  cf  the  wnrp  thread. 

CAOUTCHOUC,  GUM-ELASTIC,  on  INDIAX-RUBBER  (Federharz,  Germ.),  oc- 
m»  as  a  milky  juice  in  teveral  plants,  such  as  the  siphonia  cahura,  called  also  herea  gut" 
•■^'1,  rauf$rhuc,  jatropha  e/fff/ica,  eastilltja  tlastica,  cecropia  pcllata,  Jicvs  nligtota 
aad  «M/ira,  urceolaria  tlattica,  &c.  It  L«,  however,  extracted  chiefly  from  the  first  plant, 
which  ROWS  in  South  America  and  Java.  The  tree  hns  incisions  made  into  it  through 
l^htrk  in  many  places,  and  it  discharges  the  milky  juice,  which  is  spread  upon  clay 
^Ids,  aad  dried  in  the  snn,  or  with  the  smoke  of  a  fire,  which  blackens  it. 

The  joice  itself  has  been  of  late  years  importt*d.  It  is  of  a  pale  yellow  color,  and  has 
IW  mnsifttenee  of  cream.  It  becomes  covered,  in  the  bottles  containing  it,  with  a  pellicle 
^  chBcrete  eaontehouc.  Its  spec.  grav.  is  1*012.  When  it  is  dried,  it  loses  55  per  cent, 
af  ito  weight :  the  residuary  45  is  elastic  gum.  When  the  juice  is  heated,  it  immediately 
><«c«lstes,  in  virtue  of  its  albumen,  and  the  elastic  gum  rises  to  the  surface.  It  mixes 
*ilh  water  ia  any  proportion ;  and,  when  thus  diluted,  it  coagulates  with  heat  and  alco- 
Uis  before. 

The  specific  gnwity  of  caoutchouc  is  0*925,  and  it  is  not  permanently  increased  by 
(■7  dente  of  pressure.  By  cold  or  long  quiescence,  it  becomes  hard  and  stiff.  When 
Ihe  mlky  jnioe  has  become  once  coherent,  no  means  hitherto  known  can  restore  it  to 
Ike  RBolsiTe  state.  By  long  boiling  in  water  it  soAens,  swells,  and  becomes  more 
l^ily  Bolable  in  its  peculiar  menstrua ;  but  when  exposed  to  the  air,  it  speedily  resnmei 
i*  priatine  eonststence  and  volume.  It  is  quite  insoluble  in  alcohcd ;  but  in  ether,  de- 
Irified  of  alcohol  by  washing  with  water,  it  readily  dissolves,  and  affords  a  colorless 
MhtOQ.  When  the  ether  is  evaporated,  the  caoutchouc  becomes  again  solid,  but  is 
*4Mvbat  clammy  for  a  whUc.  When  treated  with  hot  naphtha,  distilled  from  natiwe 
PMeom,  or  from  coal  tar,  it  swells  to  30  times  its  former  bulk ;  and  if  then  triturated 
*ith  a  pCiUey  and  pressed  through  a  sieve,  it  afibrds  a  homogeneous  varnish,  which  being 
*pplid  by  a  flat  edge  of  metal  or  wood  to  doth,  prepares  it  for  forming  the  patent 
VtferfrooT  cloth  of  Mackintosh.  Two  surfaces  of  cloth,  to  which  several  coau  of  the 
■Wnvaniih  hare  been  applied,  are,  when  partially  dried,  brought  evenly  in  contact,  and 
thei  piMcd  between  rollers,  in  order  to  condense  and  smooth  them  together.  This  double 
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cloth  is  aAerwards  suspended  in  a  stove-room  to  dry,  and  to  disdiarge  tlie  disagrecaUe 
odor  of  the  naptha. 

Caoutchouc  dissolves  in  the  fixed  cals,  such  as  linseed  oil,  but  the  vaniish  has  not  tk 
property  of  becoming  concrete  upon  exposure  to  air. 

It  has  been  lately  asserted  that  caoatchoac  b  soluble  in  the  oils  of  lavender  and  iti* 
safras. 

It  melts  at  248°  F.,  and  stands  afterwards  a  much  higher  heat  without  uuderpng 
any  farther  change.  When  the  melted  caoutchouc  is  exposed  to  the  air,  it  becomes  haid 
on  the  surface  in  the  course  of  a  year.  When  kindled  it  bums  with  a  bright  flame  and 
a  great  deal  of  smoke. 

Neither  chlorine,  sulphurous  acid  gas,  muriatic  acid  gas,  ammonia,  nor  flnotilicie  adi 
gas  affects  it,  whence  it  forms  very  valuable  flexible  tuba  for  pneumatic  chemistry.  Cold 
sulphuric  acid  does  not  readily  decompose  it,  nor  does  nitric  acid,  unless  it  be  sonewkst 
strong.   The  strongest  caustic  potash  ley  does  not  dissolve  it  even  at  a  boiling  heat 

Caoutchouc,  according  to  my  experiments,  which  have  been  confirmed  by  those  of  Ifr. 
Faraday,  contains  no  oxygen,  as  almost  all  other  solid  vegetable  products  do^  hot  is  a 
mere  compound  of  carbon  and  hydrogen,  in  the  proportion,  by  my  results,  of  90  carbon  to 
10  hydrogen,  being  three  atoms  of  the  former  to  two  of  the  latter.  Mr.  Faraday  ob- 
tained only  87*2  carbon,  from  which  I  would  infer  that  some  of  the  carbon,  which  in  tbis 
substance  is  difficult  to  acidify  by  peroxyde  of  copper,  had  escaped  its  action.  It  b  ob- 
vious that  too  little  carbonic  acid  gas  may  be  obtained,  but  certainly  not  more  than  cor- 
responds to  the  carbon  in  the  body.  No  carbon  can  be  created  in  the  process  of  ultimate 
analysb  by  pure  peroxyde  of  copper  such  as  I  employed ;  and  I  repeated  the  ignitioa 
after  attrition  of  the  mixture  used  in  the  experiment.  Melted  caoutchouc  forms  a 
very  excellent  chemical  lute,  as  it  adheres  very  readily  to  glass  vessels,  and  withstasda 
the  corrosive  action  of  acid  vapors.  This  substance  is  much  used  for  effacing  the  traces 
of  plumbago  pencils,  whence  it  derived  the  name  of  Indian -rubber.  It  has  been  latdy 
employed  very  extensively  for  making  elastic  bands  or  braces.  The  caoutchouc  botttes 
are  skilfully  cut  into  long  spiral  slips,  which  are  stretched,  and  kept  extended  tfll  nesil; 
deprived  of  their  elasticity,  and  till  they  form  a  thread  of  moderate  fineness.  This  thresd 
is  put  into  a  braid  machine,  and  covered  with  a  sheath  of  cotton,  silk,  linen,  or  won^. 
The  clothed  caoutchouc  is  then  laid  as  warp  in  a  loom,  and  woven  into  an  el^nt  riband. 
When  woven,  it  is  exposed  upon  a  table  to  the  action  of  a  hot  smoothing  iron,  which  ^^ 
storing  to  the  caoutchouc  all  its  primitive  elasticity,  the  riband  retracts  considerably  in 
length,  and  the  braiding  corrugates  equally  upon  the  caoutchouc  cores.  Such  bands  poi- 
sess  a  remarkable  elasticity,  combined  with  any  desired  degree  of  softness.  Sometioei 
cloth  b  made  of  these  braided  strands  of  caoutchouc  used  both  as  warp  and  as  weft,  whieh 
b  therefore  elastic  in  all  directions.  When  a  light  fabric  is  required,  the  strands  of  caoot- 
chouc,  either  naked  or  braided,  are  alternated  with  common  warp  yarns.  For  thb  mixed 
ftibric  a  patent  has  been  obtained.  The  original  manufacturer  of  these  elastic  webs  is  t 
major  in  the  Austrian  service,  who  has  erected  a  great  factory  for  them  at  St.  Dcnys, 
near  Paris.    See  Elastic  Bands. 

Mr.  William  Henr}'  Barnard,  in  the  course  of  some  experiments  upon  the  impregnatioo 
of  ropes  with  caoutchouc,  at  the  factory  of  Messrs.  Enderby,  at  Greenwich,  discovered  that 


cation),  with  a  worm  attached ;  ySg.  254,  a  b  the  still,  b  the  cover  ground  to  a  meteOk 


when  this  substance  was  exposed  to 
a  heat  of  about  600°  F.  it  resohred 
itself  into    a  vapor,   which,  by 
proper  refrigeratory  methods,  wis 
condensable  into  a  liquid  possessing 
very   remarkable    properties,  to 
which  the  name  caoutchoucine  bis 
been  given.    For  thb  inventktt 
"  of  a  solvent  not  hitherto  used  in 
the  arts"  Mr.  Barnard  obtained  a 
patent,   in   August,    1833.  Hit 
process  for  preparing  it  b  described 
in  his  specification  as  follows  ^~I 
take  a  mass  of  the  said  caoutchouc 
or  Indian  rubber,  as  imported,  and 
having  cut   it  into  small  lumps, 
containing  about  two  cubic  inctei 
each  (which  I  prefer),  I  throw  these 
lumps  into  a  cast-iron  still  (whkh 
I  find  adapted  for  the  purpose,  ud 
a  diagram  of  which  b  annexed  to^ 
and  forms  part  of,  this  my  spedfi- 
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it'of  a  thermometer  to  take  the  temperature ;  c  the  fire-place,  d  the  ash-pit^ 
m-tab  and  worm,  f  the  brick-work  of  the  still,  g  a  roller  and  carriage,  in 
1  with  a  crane,  or  other  means,  to  raise  the  cover  to  take  out  the  residue,  and 
;he  same ;  h  the  chain. 

ipply  heat  to  the  still  in  the  usnal  manner,  which  heat  is  increased  until  tbi* 
er  ranges  at  600  degrees  of  Fahrenheit,  or  thereabouts.  And  as  the  ther- 
anges  progressively  upwards  to  600  degrees  of  Fahrenheit,  a  dark-colored  oU 
is  distilled  over,  which  I  claim  as  my  said  invention,  such  liquid  being  a 
caoutchouc,  and  other  resinous  and  oleaginous  substances.  When  the  ther- 
eaches  GOO  degrees,  or  thereabouts,  nothing  is  lefl  in  the  still  but  dirt  and 

onnd  the  operation  of  distillation  to  be  facilitated  by  the  addition  of  a  portion 
either  previous  or  subsequent  to  rectificaiion,  as  hereinaAcr  mentioned,  in  the 
of  one  third  of  oil  to  two  thirds  of  caoutchouc. 

'ards  subject  the  dark-colored  liquid  thus  distilled  to  the  ordinary  process  of 
0,  and  thereby  obtain  fluids  var}  inff  in  specific  gravity,  of  which  the  lightest 

15  not  been  under  670,  taking  distilled  water  at  1000,  which  fluids  I  dso  clatin 
invention. 

rectificatiun  the  color  of  the  liquid  becomes  more  bright  and  transparent,  nntll, 
ific  gravity  of  6^0,  or  thercabculs,  it  is  colorless  and  highly  volatile, 
rocess  of  rectification  (fur  the  purpose  of  obtaining  a  larger  product  of  the  oil 
'.  put  about  one  third  of  water  into  the  still.  In  each  and  every  state  the 
solvent  of  caoutchouc,  and  several  resinous  and  oleaginous  substances,  and 
er  substances  (such  as  copal),  in  combination  with  ver>'  strong  alcohol, 
jxperienced  much  diflTicully  in  removing  the  dirt  which  adheres  to  the  bottom 
1  throw  into  the  siill  lead  and  tin  in  a  state  of  alloy  (commonly  called  solder), 
h  of  about  half  an  mch,  and,  ns  this  becomes  fused,  the  dirt  which  lies  on  the 
it  is  more  easily  removed. 

QB  have  hern  made  to  the  smell  of  this  liquid  :  I  have  found  such  smell  re- 
nixing  nnd  shaking  up  the  liquid  with  nitro-muriatic  acid,  or  chlorine,  in  the 
of  a  (]uarter  of  a  pint  of  the  acid  (of  the  usnal  commercial  strength)  to  a 
he  liquid. 

:overy  of  the  chemical  solvent,  which  forms  the  subject  of  the  patent  above 
las  excited  considerable  interest  in  the  philosophic  world,  not  only  from  its 
sefulness  as  a  new  article  of  commerce,  but  also  from  two  very  extraordinary 
tics  which  it  is  found  to  possess,  viz.,  that,  in  a  liquid  state,  it  has  less  spedfic 
in  any  other  liquid  known  to  chemists,  being  considerably  lighter  than  snl- 
T,  and,  in  a  state  of  vapor,  is  heavier  than  the  most  ponderous  of  the  gases, 
.'ntar)"  constituents  are. 

Carbon  6*812      -      -      -   8  proportions. 

Hydrogen  -  -  -  .  l«000  -  -  -  7  ditto. 
r  material  (when  mixed  with  alcohol)  is  a  solvent  of  all  the  resins,  and  particu- 
mI,  which  it  dissolves,  without  artificial  heat,  at  the  ordinary  temperature  of 
here ;  a  property  possessed  by  no  other  solvent  known  ;  and  hence  it  is  pecu- 
1  for  making  varnishes  in  general.  It  also  mixes  readily  with  oils,  and  will 
be  a  valuable  and  cheap  menstruum  for  liquefying  oil-paints ;  and,  without  in 
t  degree  affecting  the  most  delicate  colors,  will,  from  its  ready  evaporation, 
mint  to  dry  almost  instantly. 

it  oil,  at  the  common  temperature  of  the  atmosphere,  always  assumes  a  con- 
but  a  portion  of  this  caoutchoucine  mixed  with  it  will  cause  the  oil  to  become 
to  retain  sufficient  fluidity  to  bum  in  a  common  lamp  with  extraordinary 

nicine  is  extremely  volatile ;  and  yet  its  vapor  is  so  exceedingly  heavy,  tliat 
oared,  without  the  liquor,  from  one  vessel  into  another  like  water. 
1   The  caper  is  a  small  prickly  shrub,  cultivated  in  Spain,  Italy,  and  the 
t>vince$  of  France.    The  flowers  are  large  roses  of  a  pretty  appearance,  but 
t>nds  alone  are  the  objects  of  this  cultivation. 

!  plucked  before  they  open,  and  Ihi-own  into  strong  vinegar  slightly  salted, 
are  pickled.   The  crop  of  each  day  is  added  to  the  same  vinegar  tub,  so  that, 

16  of  the  six  months  during  which  the  caper  shrub  flowers,  the  vessel  gets 
I  told  to  persons  who  sort  the  capers  (the  smallest  being  most  valued)  by 
Dipper  sieves.  This  metal  is  attacked  by  the  acid,  wherefrom  the  fruit  acquires 
or,  much  admired  by  ignorant  connoisseurs, 

as  found  in  the  French  market,  are  distinguished  into  five  sorts ;  the  noyt- 
t  capucine,  the  capoiCy  the  second,  and  the  third;  this  being  the  decreasing' 
fir  quality,  which  depends  npon  the  strength  of  the  vinegar  used  in  pickling 
In  tne  size  and  color  of  the  buds. 

17 
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The  caper  shrub  grows  in  the  driest  situations,  even  upon  walls,  and  does  BOt  disdaio 
any  soil ;  but  it  loves  a  hot  and  sheltered  exposure.  It  is  multiplied  by  grafts  made  in 
autumn,  as  also  by  slips  of  the  roots  taken  off  in  spring. 

CAPSTAN.  {Cabcftan,  Ft,  ;  SpilUf  Germ.)  A  machine  whereon  the  cable  is  wound 
successively  in  weighing  the  anchor  of  a  vessel.  It  is  a  species  of  wheel  and  axle;  tke 
axle  being  vertical,  and  pierced  with  holes  near  its  top  for  the  insertion  of  the  ends  of 
horizontal  levers,  called  handspikes,  which  represent  the  wheel.  These  are  turned  \ij 
the  force  of  men  moving  in  a  circle.  The  power  applied  to  the  lever  is  to  the  resistaaee 
to  be  overcome  (the  weight  of  the  anchor,  for  example),  when  the  forces  are  in  equilibrio^ 
as  the  radius  of  the  cylinder  round  which  the  cable  is  coiled  is  to  the  circmnference  d^ 
scribed  by  the  power. 

It  is  manifest  that  the  radius  of  the  axle  must  be  augmented  in  this  compatation  bf 
half  the  diameter  of  the  cable,  which  is  supposed  to  lie  always  one  coil  thick  upon  iL 
The  force  of  a  man,  thus  applied,  has  been  commonly  estimated  as  equal  to  the  tractiim 
of  27  pounds  hanging  over  a  pulley. 

Friction  being  so  variable  a  quantity  in  capstans,  renders  the  exact  calculation  of  its 
mechanical  effect  somewhat  uncertain. 

A  stout  man,  stationed  near  the  bottom  of  the  axle,  holds  fast  the  loose  part  of  tite 
cable,  which  has  already  made  two  or  three  turns ;  and,  being  aided  by  its  friction  apoa 
the  wood,  he  both  prevents  it  from  slipping  backwards,  and  uncoils  each  turn  as  it  is  pn>> 
gressively  made. 

Mr.  Hindmarsh,  master  mariner  of  Newcastle,  obtained  a  patent,  in  February,  1827, 
for  a  contrivance  to  enable  a  capstan  or  windlass  to  be  occasionally  worked  with  increased 
mechanical  advantage.  Wiih  this  view,  he  placed  toothed  wheel-work,  partly  in  the 
drum-head  of  the  capstan,  and  partly  in  the  upper  part  of  the  barrel,  upon  which  tke 
cable  is  coiled  and  uncoiled  in  successive  portions. 

The  drum-head,  and  also  the  barrel,  turn  loosely  upon  a  central  spindle,  independent 
of  each  other,  and  are  connected  together  either  by  the  toothed  gear,  or  by  bolts.  Oa 
raising  or  withdrawing  the  connecting  pinion  from  the  toothed  wheels,  and  then  lodnn$ 
the  drum-head  and  barrel  together,  the  capstan  works  with  a  power  equal  only  to  thit 
exerted  by  the  men  at  the  cai)stan-bars,  as  an  ordinary  capstan ;  but  on  lowering  tbe 
pinion  into  gear  with  the  whccl-work,  and  withdrawing  the  bolts  which  locked  the  drum- 
head to  the  barrel,  the  power  exertctl  by  the  men  becomes  increased  in  proportion  to  the 
diameter  and  numbers  of  teeth  in  the  wheels  and  pinions. 

Fig,  255  is  the  external  apprarance  of  this  capstan.  Fig.  256  a  horizontol  view  of  the 
toothed  gear  at  the  top  of  the  barrel.    The  barrel^  with  the  whelps  a  a,  turns  loosely 

upon  a  vertical  spindle  fixed 
into  the  deck  of  the  vessel. 
The  drum-head  b  also  tarns 
loosely  upon  the  same  spindle. 
The  circular  frame  c  c,  in  fit, 
256,  in  which  the  axes  of  the 
toothed  wheels  d  d  d  vt 
mounted,  is  fixed  to  the  cen- 
tral spindle.  The  rim  eet, 
with  internal  teeth,  is  made 
fast  to  the  top  of  the  barrel; 
and  the  pinion  /,  which  slides 
upon  the  spindle,  is  connected 
to  the  drum-head. 

When  it  is  intended  to 
work  the  capstan  with  ordi- 
nary power,  the  pinion /is 
raised  up  into  the  recess  of 
the  drum-head,  by  means  of 
a  screw  g,  fig,  255,  which 
throws  it  out  of  gear  with  the 
toothed  wheels,  and  it  b  then 
locked  up  by  a  pin  s:  the 
bolts  A  A  are  now  introduced,  for  the  purpose  of  fastening  the  drum-head  and  barrel  to- 
gether, when  it  becomes  an  ordinary  capstan. 

But  when  it  is  required  that  the  same  number  of  men  shall  exert  a  greater  power,  the 
bolts  h  are  withdrawn,  and  the  pinion  /  lowered  into  gear  with  the  toothed  wheds- 
The  rotation  of  the  drum-head,  then  carrying  the  pinion  round,  causes  it  to  drive  the 
toothed  wheels  d  d  d ;  and  these  working  into  the  toothed  rim  e  e,  attached  to  the  barrels 
cause  the  barrel  to  revolve  with  an  increased  power. 
Thus,  under  particular  circumstances,  a  smaller  number  of  men  at  the  capstan 


256 


257 


CARBON. 


250 


vindlass  (which  is  to  be  constnicted  npon  the  same  principle)  will  be  enabled  to  haul 
A  the  cable  and  anchor,  or  warp  off  the  vessel,  which  is  an  important  object  to  be 
sffected. 

In  1819,  Captain  Phillips  obtained  a  patent  for  certain  improvements  in  capstans,  a 
part  of  which  invention  is  precisely  the  same  as  this  in  principle,  thongh  slightly  varied 
la  its  adaptation. 

James  Brown,  ship-rigger,  in  his  capstan,  patented  in  1833,  instead  of  applying  the 
naving  power  by  handspikes,  having  fixed  two  rims  of  teeth  ronod  the  top  of  the  cap- 
itaa,  acts  npon  them  by  a  rotatory  worm,  or  pinions  turned  by  a  winch. 

lig.  257  is  an  elevation  of  this  capstan,  and  Jig,  258  is  a  horizontal  top  view :  a  is  an 
upright  shaft,  fixed  firmly  to  the  deck,  serving  as  an  axle  round  which  the  body  of  the 
»psUin  revolves.  A  frame  c,  fixed  to  the  top  of  a  stationary  shaft  a,  above  the  body  of 
Jie  capstan,  carries  the  driving  apparatus.  ^ 

The  upper  part  of  the  body  of  the  capstan  has  a  ring  of  oblique  teeth  d  formed  round 
ts  edge;  and  above  this,  on  the  top  of  the  capstan,  is  a  ring  of  bevel  teeth  e.  A  hori- 
Eontal  shaft /,  mounted  in  the  top  frame  c,  has  a  worm  or  endless  screw,  which  takes  into 
Jie  teeth  of  the  ring  d ;  and  a  short  axle  having  its  bearings  in  the  central  shaft  a, 
lod  in  the  frame  c,  carries  a  bevel  pinion,  which  takes  into  the  bevel  teeth  of  the  ring  e. 

The  bearings  of  the  shaft  /,  in  the  top  fraroe,  are  in  long  slots,  with  angular  returns, 
iomethinp:  like  the  fastening  of  a  bayonet,  which  is  for  the  purpose  of  enabling  the  shaft 
o  be  readily  lifted  in  and  out  of  gear  with  the  teeth  of  the  ring  d :  the  outer  bearing  of 
Jic  axle  g  of  the  bevel  pinion  is  also  supported  in  the  frame  c,  in  a  similar  way,  in  order 
:o  put  it  in  and  out  of  ?ear  with  the  teeth  of  the  bevel  ring  e.  A  mode  of  shifting  these 
s  essential ;  because  the  two  toothed  rings,  and  their  driving  worm  and  pinion,  give 
iififerent  speeds,  and,  of  course,  cannot  be  both  in  operation  at  the  same  time. 

The  worm  of  the  shaft  /,  Ueing  placed  in  gear  with  the  teeth  of  the  ring  d,  on  apply- 
ing rotatory  power  thereto,  by  means  of  winches  attached  to  the  ends  of  the  shaft,  the 
iNUTe]  or  body  of  the  capstan  will  be  made  to  revolve  with  a  slow  motion,  but  with  great 
power ;  and  thus  two  men  at  the  winches  will  do  the  same  work  as  many  men  with  cap- 
lUn  bars  in  the  ordinary  way. 

If  a  quicker  movement  than  that  of  the  endless  screw  is  desired,  then  the  driving  power 
may  be  applied  by  a  winch  to  the  axle  g  of  the  bevel  pinion,  that  pinion  being  put  into 
?ear  with  the  bevel  ring  e,  and  the  endless  screw  withdrawn.  It  should,  however,  be 
bere  remarked,  that  the  patentee  proposes  to  employ  two  short  axles  g,  placed  opposite 
to  each  other,  with  bevel  pinions  acting  in  the  bevel-toothed  ring,  though  only  one  is 
ihown  in  the  figure,  to  avoid  confusion.  He  also  contemplates  a  modification  of  the 
mne  contrivance,  in  which  four  short  axles  g,  placed  at  right  angles,  with  pinions 
taking  into  a  bevel  ring,  may  be  employed,  and  made  effective  in  giving -rotatory  motion 
to  the  barrel  of  a  capstan  by  means  of  winches  applied  to  the  outer  ends  of  the  axle,  and 
tamed  by  the  labor  of  four  men. 

CARAT,  OR  CARAGT,  is  a  weight  used  by  goldsmiths  and  jewellers.  See  Assay 
ud  Diamond. 

CARBON  (Carhone,  Fr. ;  KohUnatoff,  Germ.),  in  a  perfectly  pure  state,  constitutes 
fiuoood.    Carbonaceous  substances  are  usually  more  or  less  compound,  containing  hydro- 
pesy  or  sometimes  oxygen,  and  azote,  along  with  earthy  and  metallic  matters.  Carbon* 
Irierably  pure,  abounds  in  the  mineral  kingdom ;  and,  in  a  combined  state,  it  forms  a 
nain  constituent  of  vegetable  and  animal  bodies.   Anthracite  is  a  mineral  charcoal, 
difrering  from  common  pit-coal  in  containing  no  bitumen,  and  therefore  burning  with- 
oat  flaxne  or  smoke.   Coke,  is  the  carbonaceous  mass  which  remains  after  pit-eoal  has 
been  exposed  to  ignition  for  some  time  out  of  contact  of  air;  its  volatile  parts  having 
been  diwipated  by  the  heat.   It  is  a  spongy  substance,  of  an  iron-black  color,  a  some- 
iriiat  metallic  lustre,  and  does  not  easily  bum  unless  several  pieces  are  kindled  together. 
With  a  good  draught,  however,  it  produces  a  most  intense  heat.    Wood  charcoal  is  ob- 
titaed  by  the  calcination  of  wood  in  close  vessels,  as  described  under  the  article  Acetic 
Aoo,  or  ia  piles  of  various  shapes,  covered  with  loam,  to  screen  it  from  the  fVee  action 
fif  the  atmoisphere,  which  would  otherwise  consume  it  entirely.   See  Charcoal.  Such 
carbon  b  a  solid,  without  smell  or  taste,  and  bears  the  strongest  heats  of  our  furnaces 
nilhirat  snffering  any  change,  provided  air  be  excluded :  it  is  a  bad  conductor  of  heat, 
kt  conducts  electricity  very  well.   When  burned,  it  unites  with  oxygen,  and  forms  car- 
boaie  acid,  the  fixed  air  of  Dr.  Black,  the  choke-damp  of  the  miner.   When  this  car- 
Me  acid  is  made  to  traverse  red  hot  charcoal  it  dissolves  a  portion  of  it,  and  becomes 
(vfjooic  oxyde,  which  contains  only  one  half  of  its  volume  of  oxygen ;  whereas  car- 
Me  add  consists  of  one  volume  of  oxygen  combined  with  one  volume  of  the  vapor 
ciiboD,  the  two  being  condensed  into  one  volume.   If  the  specific  gravity  of  oxygen, 
=  MO^,  be  deducted  from  that  of  carbonic  acid,  =  1*5245,  the  difference,  =  0*422, 
^  be  the  specific  gravity  of  the  vapor  of  carbon ;  as  well  as  the  proportion  present  in 
^Height  of  the  acid. 
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Charcoal  obtained  by  the  action  of  a  rapid  fire  in  close  vessdt  is  not  so  solid  and  m 
good  a  foel  as  that  which  is  made  in  the  ancient  way  by  the  slo^  calcination  of  pyramidal 
piles  covered  with  earth.  One  of  the  most  economical  ovens  for  making  wood  charcoal 
is  that  invented  by  M.  Foacauld,  which  he  calls  a  shroud,  or  abri.  To  construct  one  of 
these,  30  feet  in  diameter  at  the  base,  10  feet  at  its  summit,  and  from  8  to  9  feet  high,  ke 
forms,  with  wood  2  inches  square,  a  frame  12  feet  long,  3  feet  broad  at  one  end,  and  one 
foot  at  the  other.  The  figure  will  explain  the  construction.  The  uprights,  A  B  aod 
G  I),  of  this  frame  are  furnished  with  three  wooden  handles  a  a  a,  and  a'  a  a\  by  meau 
of  which  they  can  be  joined  together,  by  passing  through  two  contiguous  handles  i 
wooden  fork,  the  frame  being  previously  provided  with  props,  as  shown  in  fig.  259,  and 
oovered  with  loam  mixed  with  grass.  A  flat  cover  of  10  feet  diameter,  made  of  plankf 
well  joined,  and  secured  by  four  cross  bars,  is  mounted  with  two  trap  doors,  M  N,>ff. 
261,  for  giving  egress  to  the  smoke  at  tile  commencement  of  the  operation ;  a  trianguhr 
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hole  P,  cut  out  in  the  cover,  receives  the  end  of  a  conduit  Q  R  S,  (Jigi.  262  and  261,) 
of  wood  formed  of  three  deals,  destined  to  convey  the  gases  and  condensed  liquid* 
into  the  casks  F  G  H.  Lastly,  n  door  T,  which  may  be  opened  and  shut  at  pleasore* 
permits  the  operator  to  inspect  the  state  of  the  fire.  The  charcoal  calcined  by  this  fltrij 
has  been  found  to  be  of  superior  quality. 

When  it  is  wished  to  change  the  place  where  the  abri  is  erected,  and  to  transport  it  to 
a  store  of  new-felled  timber,  the  frame  is  taken  down,  after  beating  off  the  clay  which 
covers  it,  the  joints  are  then  cut  by  a  saw,  as  well  as  the  ends  of  the  forks  which  fixed 
the  frames  to  one  another.  This  process  is  economical  in  use,  simple  and  cheap  io 
construction ;  since  all  the  pieces  of  the  apparatus  are  easily  moved  about,  and  may  be 
readily  mounted  in  the  forests.  For  obtaining  a  compact  charcoal,  for  the  use  of  artisans, 
this  mixed  process  of  Foucauld  is  said  to  be  preferable  to  either  the  close  iron  cylioda 
or  the  pile. 

For  making  gunpowder-charcoal  the  lighter  woods,  such  as  the  willow,  dogwood,  and 
alder  answer  best ;  and  in  their  carbonization  care  should  be  taken  to  let  the  vapors  f^e^ 
ly  escape,  especially  towards  the  end  of  the  operation,  for  when  they  are  re-absorbed, 
they  greatly  impair  the  combustibility  of  the  charcoal. 

By  the  common  process  of  the  forests,  about  18  per  cent,  of  the  weight  of  the  wood  ii 
obtained ;  by  the  process  of  Foucauld  about  24  per  cent,  are  obtained,  with  20  of  erode 
pyroligneous  acid  of  10  degrees  Baumc.  By  the  process  described  under  Acetic  Acid, 
27  of  charcoal,  and  18  of  acid  at  6  degrees,  are  procured  from  100  parts  of  wood,  besides 
the  tar.  These  quantities  were  the  results  of  careful  experimenting,  and  are  greater  than 
cao  be  reckoned  upon  in  ordinary  hands. 

Charcoal  for  chemical  purposes  may  be  extemporaneously  prepared  by  calcining  pieces 
of  wood  covered  with  sand  in  a  crucible,  till  no  more  volatile  matter  exhales. 

The  charcoal  of  some  woods  contains  silica,  and  is  therefore  useful  for  poUshing  metals. 
Being  a  bad  conductor  of  heat,  charcoal  is  employed  sometimes  in  powder  to  incase 
small  furnaces  and  steam-pipes.  It  is  not  aflected  by  water;  and  hence  the  extrenitiet 
of  stakes  driven  into  moist  ground  are  not  liable  to  decomposition.  In  like  manaer  doitt 
when  charred  inside  preserve  water  much  better  than  common  casks,  because  thef  fhnyih 
no  soluble  matter  fbr  fermentation  or  for  food  to  animalcules. 

Lowitz  discovered  that  wood  charcoal  removes  offensive  smells  from  animal  wmA  vcg*^ 
table  substances,  and  counteracts  their  putrefaction.    He  found  th«  odM  d  maedmk 
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mad  benzoic  adds,  of  bugs,  of  empyreumatic  oils,  of  infasions  of  valerian,  essence  of 
wQfmwood,  spirits  distilled  from  bad  grain,  and  sulphureous  substances  were  all  absorb- 
able by  freshly  calcined  charcoal  properly  applied.  A  very  ingenious  filter  has  been  oon* 
stnicted  for  purifying  water,  by  passing  it  through  strata  of  charcoal  of  different  fineness. 

When  charcoal  is  burned,  one  third  of  the  heat  is  discharged  by  radiation,  and  two 
thirds  by  conduction. 

The  following  table  of  the  quantity  of  charcoal  yielded  by  different  woods  was  pub- 
lished by  Mr.  Mushet,  as  the  result  of  experiments  carefully  made  upon  the  small  scale. 
He  says,  the  woods  before  being  charred  were  thoroughly  dried,  and  pieces  of  each  Idati 
were  s^cted  as  nearly  alike  in  every  respect  as  possible.  One  hundred  parts  of  eack 
sart  were  taken,  and  they  produced  as  under : — 


Lignura  Yitae  afforded  26-0 

Mahogany- 

-  25-4 

Laburnum 

.  24-5 

Chestnut  - 

-  23-2 

Oak  - 

-  22-6 

Walnut  - 

-  20-6 

Holly 

-  19-9 

Beech 

-  19-9 

Sycamore  - 

-  19-7 

Ellin  ... 

-  19-5 

Norway  Pine  - 

-  19-2 

SaUow  - 

-  18-4 

Ash  - 

-  17-9 

Birch 

-  17-4 

Scottish  Pine  - 

-  16-4 

Messrs.  Allen  and  PepySj  from  100  parts  of  the  following  woods,  obtained  the  quanti- 
ties of  charcoal  as  under : — 


Beech 
Mahogany 

Lignum  Vits  - 


-  15-00 

-  16-75 

-  17-25 


Oak 
Fir  - 
Box 


-  17*40 

-  18-17 

-  20-25 


It  is  observable  that  the  quantities  obtained  by  Messrs.  Allen  and  Pepys  are  in  general 
less  thaa  those  given  by  Mr.  Mushet,  which  may  be  owing  to  Mr.  Mushet  not  having 
applied  sufficient  heat,  or  operated  long  enough,  to  dissipate  the  aqueous  matter  af  the 
gtseoos  products. 

To  those  persons  who  buy  charcoal  by  weight,  it  is  important  to  purchase  it  as  soon 
after  it  Is  made  as  possible,  as  it  quickly  absorbs  a  considerable  portion  of  water  from 
the  atmosphere.  Different  woods,  however,  differ  in  this  respect.  Messrs.  Allen  and 
Pepjs  fomnd,  that  by  a  week's  exposure  to  the  air,  the  charcoal  of 


Lignum  Vita;  gained  - 

9*6  per  cent. 

Fir  - 

13-0  ditto. 

Box  - 

14-0  ditto. 

Beech - 

16-3  ditto. 

Oak   -      -      -  - 

16-5  ditto. 

Mahogany  .      .  - 

18-0  ditto. 

The  following  Is  a  tabular  view  of  the  volumes  of  the  different  gases  which  were 
•hsorbcd  in  the  course  of  24  hours,  by  one  volume  of  charcoal,  in  the  experiments  of 
U.  Theodore  de  Saussure,  which  were  conducted  in  a  way  likely  to  produce  correct 
resolts.  Each  portion  of  charcoal  was  heated  afresh  to  a  red  heat,  and  allowed  to  cod 
nder  mercory.  When  taken  from  the  mercury,  it  was  instantly  plunged  into  the  vessel 
if  aass 

35-00 
9-42 
9-25 
7-60 
6-00 
1-75 

Vetmana,  who  made  many  experiments  on  charcoal,'  informs  us,  that  for  the  ndnetion 
^Ibmetallie  oxydes,  the  charcoal  of  the  heavier  woods,  as  that  of  the  oak  and  ths 
^Mcl,  as  preferable,  and  that,  for  common  fuel,  such  charcoal  gives  the  greatest  heat,  and 


Anmoniacal  gas 

.  90 

Bicarbureted  hydrogen 

Mnriatic  acid  gas  - 

-  85 

Carbonic  oxyde 

Sulphurous  acid 

.  65 

Oxygen  gas  - 

Sulphureted  hydrogen 

-  55 

Nitrogen 

Nitrons  oxyde  - 

-  40 

Carbureted  hydrogen 

Caibonk  add  gas  - 

-  35  1 

Hydrogen  gas 

262 
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has  been  made  from  wood  previously  dirested  of  its  bark,  sinee  it  is  the  cortical  pan 
vhich  crackles  and  flies  off  in  sparks  during  combustion,  while  the  coal  of  the  wood 
itself  seldom  docs. 

For  making  crayons  of  charcoal,  the  willow  is  the  best  wood  that  can  be  employed,  as 
the  softness  is  uniform  in  all  its  parts.  Its  durability  may  be  seen  in  several  of  onr  oU 
churchyards,  where  the  letters  made  with  lamp-black  are  still  perfect,  though  the  white 
jead  with  which  the  body  of  the  stones  was  painted  is  entirely  destroyed. 

This  property  of  carbon  is  shown,  however,  in  a  more  strikins;  manner  by  the  writiags 
that  were  found  in  the  ruins  of  Herculaneum,  which  have  retained  their  original  black- 
ness for  two  thousand  years.    The  ancients  wrote  with  ink  made  from  ground  charcoal 

If  it  be  required  to  purify  any  carbonaceous  matter,  to  render  it  fitter  for  delicate  pif- 
ments,  this  may  be  done  by  first  calcining  it  in  a  dose  vessel,  and  then  lixiyiating  it  ii 
water  slightly  aciiJulated  by  nitric  acid. 

The  incorruptibility  of  charcoal  was  well  known  to  the  ancients,  and  they  arailed 
themselves  of  this  property  upon  all  important  occasions. 

About  sixty  years  ago  a  quantity  of  oak  stakes  were  found  in  the  bed  of  the  Thamo, 
in  the  very  spot  where  Tacitus  i^ays  that  the  Britons  fixed  a  vast  number  of  such  stakes 
to  prevent  the  passage  of  Julius  Cecsar  and  his  army.  These  stakes  were  charred  tot 
considerable  depth,  had  retained  their  form  completely,  and  were  firm  at  the  heart. 

Most  of  the  houses  in  Venice  stand  upon  piles  of  wood,  which  have  all  been  preriooslj 
charred  for  their  preservation.  In  this  country,  estates  were  formerly  marked  out  l>j 
charred  stakes  driven  to  a  considerable  depth  into  the  ground.  See  Bone-black, 
Charcoal,  and  Graphitk. 

CARBONATED  WATER  is  water  either  pure,  or  holding  various  saline  matters  is 
solution,  impregnated  with  carbonic  acid  gas.  For  s^cneral  sale  in  this  country,  the 
water  usually  contains  a  little  soda,  which  being  charged  with  the  gas,  is  called  Soda 
water ;  see  this  article  for  a  descri])tion  of  an  excellent  machine  for  l[he  manufacture  of 
this  fashionable  beverage. 

CARBONATES.  Saline  compounds  in  definite  proportions  of  carbonic  acid,  with  aOn- 
lis,  earths,  and  the  ordinar}'  metallic  oxydes. 

The  carbonates  principally  used  in  the  arts  and  manufaciures  are  those  of  ammoiuaj 
copper,  iron,  lead,  lime,  ma^esia,  potash,  soda.  Native  carbonate  of  copper  is  the  beau- 
tiful green  mineral  called  Malachite. 

Carbonates  are  easily  analyzed  by  estimating  either  by  weisht  or  measure  the  quantity 
of  carbonic  acid  which  they  evolve  under  the  decomposing  action  of  somewhat  dilute 
sulphuric,  nitric,  or  muriatic  acid  ;  fur  ns  they  are  all  compounds  of  acid,  and  base  in 
equivalent  proportions,  the  quantity  of  acid  will  indicate  the  quantity  of  base.  Thus, 
as  pure  limestone  consists  of  f)6  of  lime  and  44  of  acid,  in  100  parts,  if  U|)on  examining 
a  sample  of  limestone  we  find  it  to  give  out  only  22  per  cent,  of  carbonic  acid  gas,  du- 
ring its  slow  solution  in  muriatic  acid,  we  are  sure  that  there  are  only  28  parts  of  lime 
present.  I  have  described,  in  the  Annals  of  Philosophy  for  October,  1817,  a  simple  foim 
of  apparatus  for  analyzing  the  carbonates  with  equal  readiness  and  precision.  The  sim- 
ple rule  by  measure  to  which  I  was  led,  may  be  thus  stated  :  From  the  bulk  of  evotrtd 
gas,  cjcpressed  in  cubic  inches  and  tenths,  deduct-^,  the  remainder  will  express  the  propor- 
tion of  real  lirrmtone  present  in  the  grains  employed.  Pure  magnesian  limestone  yields 
very  nearly  a  cubic  inch  of  the  gas  for  every  grain  in  weight. 

CARBONATE  OF  AMMONIA.  A  salt  called  in  modem  chemistry  sesqui-car- 
honate,  to  denote  its  being  composed  of  one  and  a  half  equivalent  primes  of  carbonic 
acid,  and  one  of  ammonia.  It  consists  by  my  analysis  of  55*89  carbonic  acid,  28*86 
ammonia,  and  15*25  water,  in  100  parts.  It  is  generally  prepared  by  mixing  from  1}  to 
1|  parts  of  well-washed  dry  chalk,  with  1  of  sal-ammoniac,  introducing  the  mixture  into 
an  earthen  or  cast-iron  retort,  or  subliming  pot,  and  exposing  it  to  a  heat  gradually  raised 
to  redness.  By  double  decomposition,  the  ammonia  is  volatilized  in  combination  with  the 
carbonic  acid  of  the  chalk,  and  the  vapors  are  received  in  a  condensing  receiver  made 
either  of  glass,  stone  ware,  or  lead.  The  chlorine  of  the  sal-ammoniac  remains  in  the 
retort,  associated  with  the  basis  of  the  chalk  in  the  state  of  chloride  of  calcium.  Some 
ammonia  gas  escapes  during  the  process. 

The  stUine  mass  thus  sublimed  is  purified  by  a  second  sublimation  in  gla^s  or  salt- 
glazed  earthen  vessels.  The  salt  may  be  obtained,  by  the  above  method  carefully  con- 
ducted, in  rhomboidal  octahedrons,  but  it  is  generally  made  for  the  market  in  a  compact 
semi-crystalline  white  cake.  It  has  a  pungent  ammoniacal  smell ;  a  hot,  pungent,  alka- 
line taste ;  a  strong  alkaline  reaction,  and  dissolves  in  two  parts  of  cold  water.  It  mnst 
be  kept  in  well-closed  vessels,  as  by  exposure  to  the  air  a  portion  of  its  ammonia  ezhides, 
and  it  passes  into  the  state  of  the  scentless  bi-carbonate.  It  is  employed  much  in  medi- 
cine, chemical  analysis,  and  by  the  pastry-cooks  to  give  sponginess  to  their  cakes,  in  con- 
sequence of  its  volatilization  from  their  dough  in  the  oven.    See  Sal-Ammomac. 

For  the  other  carbonates  used  in  the  arts,  see  their  respective  bases ;  copper,  lead, 
lint,  &c. 
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CARBONIC  ACID  (Jcide  carbonique,  Fr. ;  Kohlemaurty  Germ.)  consists  of  I  prime 
eqttivalenl  of  carbon =6- 125-1-2  of  oxygen  =16-026,  whose  joint  sum=22-151,  represents 
the  atomic  weight  or  combining  ratio  of  this  ocid,  in  the  neutral  or  protocarbonate 
salts.  Its  composition  by  volume  is  slated  under  Carbon.  Its  natural  form  is  a  gas, 
whose  specific  gravity  is  1-5245,  compared  to  atmospheric  air  1-000;  and  being  so 
dense,  it  may  be  poured  out  of  one  vessel  into  another.  Hence  it  was  called  at  first 
aerial  acid.  From  its  existing?  copiously,  in  a  solid  state,  in  limestones  and  the  mild 
alkalis,  it  was  styled  pxd  air  by  its  proper  discoverer.  Dr.  Black.  About  one  volume 
of  it  exists  in  1000  volumes  of  common  atmospheric  air,  which  may  be  made  manifest 
the  crust  of  carbonate  it  occasions  upon  the  surface  of  lime  water.  Carbonic  acid 
gas  is  found  accumulated  in  many  caverns  of  volcanic  districts,  and  particularly  in 
the  grotto  dei  cant  at  Pausilippo,  near  PuzzuoU ;  being  disengaged  in  such  circumstances 
hj  the  action  of  subterranean  fire,  and,  possibly,  of  certain  acids,  upon  the  limestone 
strata.  It  ofien  issues  from  fountains  in  copious  currents,  as  at  Fraiizensbrunn, 
near  Eger,  in  Polterbrunnen ;  near  Trier;  and  Byrreshom.  This  acid  gas  occurs 
also  frequently  in  mines'  and  wells,  being  called  choke  dampy  from  its  suffocating 
quality.  Its  presence  may,  at  all  times,  be  detected,  by  letting  down  a  lighted  candle, 
suspended  from  a  string,  into  the  places  suspected  of  containing  this  mephitic  air.  It 
exists,  in  considerable  quantities,  in  the  water  of  every  pump  well,  and  eives  it  a  fresh 
and  pleasant  taste.  Water,  exposed  some  time  to  the  air,  loses  these  aerial  particles,  and 
becomes  vapid.  Many  springs  are  highly  impregnated  with  carbonic  acid  gas,  and 
form  a  sparkling  beverage ;  such  as  the  Selierswasser^  from  Sclters  upon  the  Lahn,  in 
the  grand  dutchy  of  Nassau ;  of  which  no  less  than  two  millions  and  a  half  of  bottles 
are  sold  every  year.  A  prodigious  quantity  of  a  similar  water  is  also  artificially 
prepared  in  Great  Britain,  and  many  other  countries,  under  the  name  of  aerated  or 
soda  water. 

Carbonic  acid  occurs  in  nature,  con)bined  with  many  salifiable  bases;  as  in  the 
carbonates  of  soda,  bar)'ta,  strontia,  magnesia;  the  oxydes  of  iron,  manganese,  zinc, 
copper,  lead,  &c.  From  these  substances  it  may  be  separated,  generally  speaking,  by 
strong  ignition,  or,  more  readily,  by  the  superior  affinity  of  muriatic,  sulphuric,  or 
nitric  acid,  for  the  earth  or  metallic  oxyde.  It  is  formed  whenever  vegetable  or  animal 
substances  are  burned  with  free  access  of  air,  from  the  union  of  their  carbonaceous 
principle  with  atmospheric  oxygen.  It  is  also  formed  in  all  cases  of  the  spontaneous 
decomposition  of  organic  substances,  particularly  in  the  process  of  fermentation ;  and 
constitutes  the  pungent,  noxious,  heavy  gas  thrown  off,  in  vast  volumes,  from  beer  Tats. 
See  Distillation  and  Fermentation.  Carbonic  acid  is  also  generated  in  the  breathing 
of  animals;  from  4  to  5  per  cent.,  in  volume,  of  the  inhaled  oxygen  being  converted,  at 
each  expiration,  into  this  gas,  which  contaminates  the  air  of  crowded  apartments,  and 
renders  ventilation  essential  to  health,  and  even  to  life;  witness  the  horrible  catastrophe 
of  the  Black-hole  at  Calcutta. 

Carbonic  acid  gas  is  destitute  of  color,  has  a  sourish,  suffocating  smell,  an  acidulous 
pungent  taste,  imparts  to  moist,  but  not  dry,  litmus  paper,  a  transient  reddish  tint,  and 
Weighs  per  100  cubic  inches,  46|  grains;  and  per  cubic  foot,  803J  grains;  a  little  more 
than  3^  oz.  avoirdupoise.    A  cubic  foot  of  air  weighs  about  two  thirds  of  that  quantity, 
or  527  grains.    It  may  be  condensed  into  the  liquid  state  by  a  pressure  of  40  atmo^ 
phercs,  and  this  liquid  may  be  then  solidified  by.  its  own  sudden  spontaneous  evapora- 
tion.   If  air  contain  more  than  15  per  cent,  in  bulk  of  this  gas,  it  becomes  unfit 
^or  respiration  and  combustion,  animal  life  and  candles  being  speedily  extinguished 
^  it. 

Before  a  person  ventures  into  a  deep  well,  or  vault  containing  fermenting  materials, 
^le  should  introduce  a  lighted  candle  into  the  space,  and  observe  how  it  burns.  Car- 
'Clonic  acid,  being  so  much  denser  than  common  air,  may  be  drawn  out  of  cellars  or 
fermenting  tubs,  by  a  pump  furnished  with  a  leather  hose,  which  reaches  to  the  bottom, 
^^uickliroe,  mixed  with  water,  may  be  used  also  to  purify  the  air  of  a  sunk  apartment,  by 
"Sis  affinity  for,  or  power  of,  absorbing  this  aerial  acid.  See  Mineral  Waters  and  Soda 
"^ater. 

CARBONIC  OXYDE.    See  the  article  Carbon. 

CARBUNCLE.  A  gem  highly  prized  by  the  ancients ;  most  probably  a  variety  of  the 
soble  earnet  of  modern  mineraloeists. 

CARBURET  OF  SULPHUR,  called  also  sulphuret  of  carbon,  and  alcohol  of 
snlphnr,  is  a  limpid  volatile  liquid  possessing  a  penetrating  fetid  smell,  and  an  acrid 
Naming  taste.    Its  specific  gravity  is  1-265 ;  and  its  boiling  point  is  about  1 12°  Fahr.  It 
«viporates  so  readily,  and  absorbs  so  much  heat  in  the  vaporous  state,  that  if  a  tube  con- 
taining qnicksilver,  surrounded  with  lint  dipped  in  this  liquid,  be  suspended  in  the  re- 
ceiver  of  an  air-pump  on  making  the  vacuum,  the  quicksilver  will  be  congealed.   It  con- 
lirts  of  15'8  carbon  and  84*2  sulphur,  in  100  parts ;  being  two  equivalent  primes  of  the 
Jitter  to  one  of  the  former. 
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CARBURETED  HYDROGEN.  A  compound  of  carbon  and  hydn^n^  of  which 
there  are  several  species — such  as  oil-gas,  coal-gas,  olefiant  gas,  oil  of  lemons,  otto  of 
roses,  oil  of  tur|>eQtine,  petroleum,  naptha,  napthaline,  oil  of  wine,  caoutchoucine,  and 
caoutchouc. 

CARDS,  PLAYING.  (Cartes  d  jouer,  Fr. ;  Karien,  Germ.)  Mr.  de  la  Rne  obtained, 
in  February,  1832,  a  patent  for  certain  improvements  in  the  manufacture  of  playing 
cards,  which  he  distributed  under  three  heads ;  first,  printing  the  pips,  and  also  the  picture 
or  court  cards,  in  oil  colors  by  means  of  types  or  blocks  j  secondly,  effecting  the  same  in 
oil  colors  by  means  of  lithography ;  and  thirdly.,  gilding  or  silvering  borders,  and  other 
parts  cf  the  characters,  by  tlie  printing  process,  cither  by  types,  blocks,  or  litho- 
graphy. 

In  the  ordinary  mode  of  manufacturing  playing  cards,  their  devices  are  partly  produced 
by  copperplate  printing,  and  they  are  filled  up  with  water  colors  by  the  meantf  called 
stencilling. 

The  patentee  does  not  propose  any  material  alteration  in  the  devices  or  forms  upon  the 
cards,  but  only  to  produce  them  with  oil  colors ;  and,  to  elTect  this,  he  follows  preciselj 
the  same  mode  as  that  practised  by  calico  pi  inters. 

A  set  of  blocks  or  t>  pes  properly  devised,  are  produced  for  printing  the  dilTerent  pips 
of  hearts,  diamonds,  s])ades,  and  clubs,  or  they  are  drawn,  as  other  subjects,  in  the  usual 
way  upon  stone.  The  ink  or  color,  whether  black  or  red,  is  to  be  prepared  from  the 
best  French  lamp-black,  or  the  best  Chine^'e  vermilion  ground  in  oil,  and  laid  on  the 
types  and  blocks,  or  on  the  stone,  in  the  same  way  as  printers'  ink,  and  the  impressions 
taken-on  to  thick  drawing  paper  by  means  of  a  suitable  press  in  the  ordinary  manner  of 
printing. 

The  picture  or  court-cards  are  to  be  produced  by  a  series  of  impressions  in  different 
colors,  fitting  into  each  other  exactly  in  the  same  way  as  in  printing  paper  hangings,  or 
silks  and  calicoes,  obser%'ing  that  all  the  colors  are  to  be  prepared  with  oil. 

For  this  purpose  a  series  of  blocks  or  types  are  to  be  provided  for  each  <nbiect,  and 
which,  when  put  together,  will  form  the  whole  device.  These  blocks  are  to  be  used  septp 
rately,  that  is,  all  the  yellow  parts  of  the  picture,  for  instance,  are  to  be  printed  at  one 
impression,  then  all  the  red  part-o,  next  all  the  flesh  color,  then  the  blue  portions^  and  so 
on,  finishing  with  the  black  outlines,  which  complete  the  picture. 

If  the  same  is  to  be  done  by  lithography,  there  must  be  as  many  stones  as  there  are 
to  be  colors,  each  to  print  its  portion  only;  and  the  impression,  or  part  of  the  picture 
given  by  one  stone,  must  be  exactly  fitted  into  by  the  impression  given  from  the  next  stone, 
and  so  on  until  the  whole  subject  is  complete. 

A  superior  kind  of  card  is  proposed  to  be  made,  with  gold  or  silver  devices  in  parts 
of  the  pictures,  or  irold  or  silver  borders  roimd  the  pips.  This  is  to  be  effected  by 
printing  the  lines  which  are  to  appear  as  gold  or  silver,  with  cilders'  size,  in  place  of 
ink  or  color ;  and  immediately  after  the  impression  has  been  given,  the  face  of  the  card 
is  to  be  powdered  over  with  gold  dust,  silver,  or  bronze,  by  means  of  a  soft  cotton  or 
wool  dabber,  by  which  the  gold,  silver,  or  bronze  will  be  made  to  adhere  to  the  picture, 
and  the  superfluous  portions  of  the  metal  will  wipe  off  by  a  very  slight  rubbing.  When 
the  prints  arc  perfectly  dry,  the  face  of  the  card  may  be  polished  by  means  of  a  soH 
brush. 

If  it  should  be  desirable  to  make  these  improved  cards  to  resemble  ivory,  that  may  be 
done  by  preparing  the  face  of  the  paper  in  the  first  instance  with  a  composition  of  siic 
and  fine  French  white,  and  a  drying  oil,  mixed  losrelher  to  about  the  consistency  of  cream; 
this  is  to  be  washed  over  the  paper,  and  dried  before  printing,  and  when  the  cards  arc 
^nished  they  will  exactly  resemble  ivor)'. 

The  only  thins^  remaining  to  be  described,  is  the  means  by  which  the  successive  impres- 
sions of  the  types,  blocks,  or  stones,  forming  the  parts  of  the  pictures,  are  to  be  brought 
exactly  to  join  each  other,  so  as  to  form  a  perfect  whole  design  when  complete;  this  is  by 
printers  called  registerinsr,  and  is  to  be  effected  much  in  the  usual  way,  by  points  in  the 
tympan  of  the  press,  or  by  marks  upon  the  stones. 

The  parts  of  the  subject  having  been  all  accurately  cut  or  drawn  to  fit,  small  holes  are 
to  be  made  with  a  fine  awl  throuch  a  quire  or  more  of  the  paper  at  once,  by  placing 
upon  the  paper  a  gauge-plate,  having  marks  or  guide-holes,  and  by  observing  these,  the 
same  sheet  laid  on  several  times,  and  always  made  to  correspond  with  the  points  or 
marks,  the  several  parts  of  the  picture  must  inevitably  register,  and  produce  a  perfect 
subject. 

CARD  CUTTING.  Mr.  Dickinson's  patent  machine  for  cutting  cards,  con^sts  of 
a  pair  of  rollers  with  circular  revolving  cutters,  the  edges  of  which  are  intended  to  act 
against  each  other  as  circular  shears,  and  the  pasteboards  in  passing  between  these 
rollers  are  cut  by  the  circular  shears  into  cards  of  the  desired  dimensions.  These  rollers 
are  mounted  in  suitable  standards,  with  proper  adjustments,  and  are  made  to  revolre  by 
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n  bud  and  polky  connected  to  tlie  nzk  of  a  ermnk,  or  by  any  other  convenient 

Fig.  2G3  is  a  front  view  of 
this  machine ;  a  a  and  b  b 
^  are  the  two  rollers,  the 
3   upper   one    torning  upon 
an  extended  axle,  bearing 
in  the  standards,  the  lower 
one  upon  pivots.  These 
rollers  are  formed   by  a 
series  of  circular  blocks, 
between  a  series  of  cir^ 
cular  steel  cutters,  which 
are    sJidden   on   to  iron 
shaA?,  and  held  together 
.  upon   their  axle  by  nuts 
^  screwed  up  at  their  ends. 
3  The    accurate  adjustment 
of  the  cutters  b  of  the 
first  importance   to  their 
correct  performance;  it  is 
therefore  found  necessary 

C-  '     -                       ^  -  --_L  ^  ■        to  introduce  spiral  springs 
 ~  ]    within  the  blocks,  in  order 

to  press  the  cutters  up  to 

tlMir  proper  bearings.  A  section  of  one  of  the  blocks  is  shown  at  fig,  265,  and  an  end 
new  of  the  same  at  fig,  266,  with  the  spiral  springs  inserted. 

At  the  outer  extremity  of  the  axle  of  the  roller  a,  a  rigger  c,  is  attached,  whence  a  band 
pssKS  to  a  pulley  on  the  crank  shaft  to  which  a  fly-wheel/,  is  affixed,  for  the  purpose 
of  readering  the  action  uniform.  Rotatory  motion  being  given  to  the  crank  shaft,  the 
■pper  roller  is  turned,  the  lower  roller  moving  at  the  same  time  by  the  friction  against  the 
edget  of  the  cutters. 

Fi§.  264  is  an  end  view  of  the  rollers,  showing  the  manner  in  which  the  pasteboards 
ire  aruided  and  conducted  between  the  cutters.  In  the  front  of  the  machine  a  moveable 
frame  g,  is  to  be  placed,  for  the  purpose  of  receiving  the  pasteboards,  preparatory  to  eut- 
tiu  ihem  into  cards,  and  a  stop  is  screwed  to  this  frame  for  the  edge  of  the  pasteboard  to 
bear  asainst,  which  stop  is  adjustable  to  suit  di/ferent  sizes.  From  the  back  part  of  this 
fiaaeaa  arm  A,  extendis,  the  extremity  of  which  acts  against  the  periphery  of  a  ratchet 
vteel  I,  filed  at  the  end  of  the  roller  by  and  hence,  as  the  roller  goes  round,  the  frame  it 
Mde  to  rise  and  fall  upon  its  pivots,  for  the  purpose  of  guiding  the  pusteboanl  up  to  the 
earten;  at  the  same  time  a  rod  k,  hanging  in  arms  from  the  sides  of  the  sUmdards  (shown 
by  dots  in  fig,  263),  falling  upon  the  pasteboard,  confines  it,  while  the  cutters  take  hold, 
ud  ricks  corresponding  with  the  indentations  of  the  rollers  are  placed  as  at  /  /,  by  means 
of  which  the  cards,  when  cut,  arc  pushed  out  of  the  grooves. 

As  Tarioos  widths  of  cards  will  require  to  be  cut  by  this  machine,  the  patentee  pro- 
to  have  several  pairs  of  rollers  ready  adjusted  to  act  together,  when  mounted  in  the 
itudards,  in  preference  to  shiAing  the  circular  cutters,  and  introducing  blocks  of  greater 
orleuwkith. 

The  second  part  of  the  invention  is  a  machine  for  pasting  the  papers,  and  pressing 
^  fkeets  together  to  make  pasteboard.  This  machine  consists  of  sev(M  al  reeU  (we 
MppQse  rollers  are  intended)  on  which  the  paper  is  to  be  wound,  along  with  a  paste 
tmali,  and  rotatory  brushes.  The  several  parts  of  thb  machine,  and  their  operations  in 
Bikiag  pasteboard,  are  described  in  the  specification,  but  the  patentee  having  omitted 
^  letters  of  reference  in  the  drawing  which  he  has  enrolled,  it  becomes  difficult  to 
ttplaiaiL 

As  far  as  we  are  enabled  to  understand  the  machine,  it  appears,  that  dampc<l  paper  is 
(•bewoQod  upon  two  rollers,  and  conducted  from  thence  over  two  other  ndlers;  that  two 
'■N  rollers  revolving  in  the  paste  trough  are  to  supply  paste  to  two  circular  brushes, 
■■d  that  by  those  brushes  the  papers  are  to  be  pasted  upon  one  side,  and  then  pressed  to- 
l^ther,  to  make  the  pasteboard ;  after  this,  the  pasteboard  is  to  be  drawn  on  to  a  table, 
to  remain  there  until  sufficiently  dry  to  be  wound  upon  other  mllers.  By  comparing 
^dneription  with  the  fisure,  perhaps  the  intended  operations  of  the  macfiine  may  be 
'■eoreri^:  it  is  the  best  explanation  we  are  enabled  to  give. 

CARDS  (Cardit,  Fr. ;  KartUn,  Germ.)  are  instruments  which  sen'e  to  discntanglt 
^  ihres  of  wool,  cotton,  or  other  analogous  bodies,  to  arrange  them  in  an  orderly  lap 
^iteee^  and  thereby  prepare  them  for  being  spun  into  uniform  threads.  The  finenaif 
^  Iht  levelneu  of  the  yam,  as  well  as  the  beauty  of  the  cloth  into  which  it  e»ten^ 
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depend  as  much  upon  the  regularity  and  perfection  of  the  carding,  as  upon  nnysulMeqnat 
operations  of  the  factory.  The  quality  of  the  carding  depends  more  upon  that  of  tk 
cards  than  upon  any  attention  or  skill  in  the  operative ;  since  it  is  now  nearly  an  autom* 
tic  process,  conducted  by  young  women  called  card-tenters. 

Cards  are  formed  of  a  sheet  or  fillet  of  leather  pierced  with  a  multitude  of  small  hold, 
in  which  are  implanted  small  staples  of  wire  with  bent  projecting  ends  called  tM, 
Thus  every  piece  of  wire  is  double  toothed.  The  leather  is  afterwards  applied  to  a  flU 
or  cylindrical  surface  of  wood  or  metal,  and  the  co-operation  of  two  or  more  such  sar- 
faces  constitutes  a  card.  The  teeth  of  cards  are  made  thicker  or  slenderer,  according  ti 
the  filaments  to  be  carded  are  coarser  or  finer,  stifler  or  more  pliant,  more  valnableoi 
cheaper.  It  is  obrioiisly  of  s^rent  importance  that  the  teeth  should  be  all  alike,  equablj 
distributed,  and  equally  inclined  over  the  surface  of  the  leather,  a  d^ree  of  piecisioi 
which  is  scarcely  possible  with  handwork.  To  judge  of  the  di^culty  of  this  manipi- 
lalion  we  need  only  inspect  the  annexed  figures.  The  wire  must  first  be  bent  at  rigkt 
angles  in  c  and  d,  fig.  2G8,  then  each  branch  must  receive  a  second  bend  in  a  and  6  at  a 
determinate  obtuse  an?le,  invariable  for  each  system  of  cards.  It  is  indispensable  tkit 
the  two  angles  ca  e  and  db/he  mathematically  equal,  not  only  as  to  the  twin  teeth  of  one 
staple,  but  through  the  whole  series ;  for  it  is  easy  to  see  that  if  one  of  the  teeth  be  mofc 
or  less  sloped  than  its  fellow,  it  will  lay  hold  of  more  or  less  wool  than  it,  and  render  die 
carding  irresrular.  But  though  the  perfect  regularity  of  the  teeth  be  important,  it  is  sot 
the  sole  condition  towards  making  a  good  card.  It  must  be  always  kept  in  view  that  tkett 
teeth  are  to  be  implanted  by  pairs  in  a  piece  of  leather,  and  kept  in  it  by  the  crtxs  put 
c  d.  The  leather  roust  therefore  be  pierced  with  twin  holes  at  the  distance  e  d ;  and  pier^ 
ed  in  such  a  manner,  that  the  slope  of  the  hole;:,  in  reference  to  the  plane  of  the  leather, 
be  invariably  the  same ;  for  otherwise  the  length  of  ihc  teeth  would  vary  with  this  angle 
of  inclination,  and  the  card  would  be  irregular. 

A  third  condition  essential  towards  producing  perfect  rrzulariiy,  is  that  the  kather 
ought  to  be  of  the  same  thickness  throughout  its  whole  surface,  otherwise  the  teelk, 
though  of  the  same  length  and  fixed  at  the  same  nncle,  would  be  rendered  unequal  bytk 
different  thicknesses  of  the  leather,  and  the  operation  of  carding  would  be  in  conteqocBCC 


extremely  defective,  fig.  267  shows  the  card  teeth  acting  against  each  other,  at  i&diet' 
led  by  the  arrows  in  two  opposite  directions ;  in  fig.  269  they  work  one  way. 

Of  late  years  very  complex  but  complete  and  well-acting  machines  have  been  eoa- 
structed  for  splitting  the  leather  or  equalizing  it  by  shaving,  for  bending  and  cutting  the 
wires,  and  implanting  them  in  the  leather,  into  holes  pierced  with  perfect  regularity. 
Card  machines  which  fashion  the  teeth  with  great  precision  and  rapidity,  and  pierce  the 
leather,  have  been  for  a  considerable  time  in  use  at  Halifax,  in  Yorkshire,  a  town  famom 
for  the  excellence  of  its  card-cloth,  as  also  at  Leeds,  Glasgow,  and  several  other  places. 
The  wires  and  the  leather  thus  prepared  are  given  out  by  the  manufacturer  to  women  and 
children,  who  put  them  together. 

1.  The  simplest  machine  for  equalizing  the  leather  which  can  be  employed,  is  that 
which  I  saw  operating  in  MM.  Scrive's  automatic  card  factory  at  Lille,  the  most  magnifi- 
cent I  believe  in  the  world,  where  the  leather  was  drawn  forwards  by  a  roller  over  a  solid 
horizontal  table,  or  betl,  and  passed  under  a  nicely  adjusted  vertical  blade,  which  shaved 
it  by  a  scraping  motion  to  a  perfectly  uniform  thickness.  About  one  half  the  weight  of 
the  leather  is  lost  in  this  process,  and  in  the  subsequent  squaring  and  trimming. 

The  machine  for  makins  cards,  invented  I  believe  by  a  Mr.  Ellis  of  the  United  States, 
for  which  a  first  patent  was  obtained  in  this  country  by  Joseph  Cheeseborough  Dyer,  Esq. 
of  Manche<;ter,  in  1811,  and  a  second  and  thinl  with  further  improvements  in  1814, 
and  1824,  is  one  of  the  most  elegant  automatons  ever  applied  to  productive  indnstry. 
It  is,  however,  necessarily  so  complicated  with  different  mechanisms  as  to  render  its 
representation  impracticable  in  such  engravinc:s  as  are  compatible  with  the  scope  of  this 
dictionary.  I  must  therefore  content  myself  with  the  following  general  description  of  its 
constituent  parts. 

The  first  thing  to  be  done  after  havine,  as  above,  prepared  the  long  sheets  or  fillets  of 
leather  of  suitable  length,  breadth,  and  thickness,  for  making  the  cards,  is  to  stretch  the 
leather,  and  hold  it  firmly ;  which  is  accomplished  by  windinsr  the  fillet  of  leather  upon 
the  roller  or  drum,  like  the  warp  roller  of  a  loom,  and  then  conducting  it  upwards  between 
guide  rollers,  to  a  receiving  or  work  roller  at  top  of  the  machine,  where  the  fillet  is  hekl 
nut  by  a  cramp,  by  which  means  the  leather  is  kept  stretched. 

Secondly,  the  holes  are  pierced  in  the  leather  to  receive  the  wire  staples  or  teeth  of  the 
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md,  hf  means  of  a  sliding  fork,  the  points  of  which  are  presented  to  the  face  of  the 
leather;  while  the  fork  is  mode  to  advance  and  recede  continually,  hy  the  agency  of 
lerers  worked  hy  rotatory  cams  upon  a  revolving  main  shaft. 

The  points  of  the  fork  being  thus  made  to  penetrate  into  the  leather,  the  holes  for 
receiving  the  staples  are  pierced  at  regular  distances,  and  in  correct  order,  by  shifting  the 
leather  fillet  so  as  to  brin?  different  parts  of  its  surface  opposite  to  the  points  of  the 
sliding  fork.  This  is  done  by  cams,  or  indented  wheels  and  gear,  which  shift  the  guide 
rollers  and  confining  drums  laterally,  as  they  revolve,  and  consequently  move  the  fillet  of 
leather  at  inten-als  a  short  distance,  so  as  to  present  to  the  points  of  the  fork  or  piercer, 
•t  every  movement,  a  different  part  of  the  surface  of  the  leather. 

Thirdly,  the  wire  of  which  the  teeth  or  points  of  the  card  are  to  be  made,  is  supplied 
fnm  a  coil  on  the  si  Je  of  the  machine,  and  is  brought  forward  at  intervals  by  a  pair 
flf  sliding  pincers,  which  are  slidden  to  and  fro  through  the  agency  of  levers  actuated  by 
raCatory  cams  upon  the  main  shaft.  The  pincers  having  advanced  a  distance  equal  to 
the  length  of  wire  intended  to  form  one  staple  or  two  points,  this  length  of  wire  is 
pressed  upon  exactly  in  the  middle  by  a  square  piece  of  steel,  and  being  there  confined, 
a  cutter  is  brought  forward,  which  cuts  it  off  from  that  part  of  the  wire  held  in  the  pincers. 

The  lenpsrth  of  wire  thus  separated  and  confined  is  now,  by  a  movement  of  the  maehine, 
hnt  np  along  the  sides  of  the  square  steel  holder,  and  shaped  to  three  edges  of  the  square, 
that  i«,  formed  as  a  staple;  and  in  the  same  way,  by  the  continued  movements  of  the 
■aehine,  a  succession  of  pieces  of  wire  arc  cut  off,  and  bent  into  staples  for  making  the 
letth  of  the  card  as  long  as  the  mechanism  is  kept  in  action. 

Foarthly,  the  wire  staple  thus  formed  is  held  with  its  points  or  ends  outwards,  closely 
CBoticQous  to  the  forked  piercer  described  above,  and  by  another  movement  of  the  me- 
diani«m.  the  staple  is  protruded  forward,  its  end  entering  into  the  two  holes  made  pre> 
vioasly  in  the  leather  by  the  sliding  of  the  fork. 

While  the  wire  staple  is  being  thus  introduced  into  the  leather,  its  legs  or  points  are 
to  be  bent,  that  is,  formed  with  a  knee  or  angle,  which  is  the  fiAh  object  to  be  effected. 
Tkb  if  done  by  means  of  a  small  apparatus  consisting  of  a  bar  or  bed,  which  bears  up 
tfiiait  the  nnder  side  of  the  wire  staple  when  it  has  been  passed  half  way  into  the 
Ittles  in  the  leather,  and  another  bar  above  it,  which,  being  brought  down  behind  the 
ittple,  bends  it  over  the  resisting  bar  to  the  angle  required ;  that  is,  forms  the  knee  in 
neh  leg.  A  pusher  now  acts  behind  the  staple,  and  drives  it  home  into  the  leather, 
which  completes  the  operation. 

The  leather  being  thus  conducted,  and  its  position  shifted  before  the  piercer  progres- 
tirelf,  a  succession  of  the  above  described  operations  of  cutting  the  wire,  forming  the 
itiple,  passin?  it  into  the  leather,  and  bending  its  legs  to  the  angular  form,  produces 
a  ihret  of  card  of  the  kind  usually  employed  for  carding  or  combing  wool,  cotton,  and 
otber  fibrous  materials.  It  may  be  necessary  to  add,  that  as  these  wire  staples  are  re- 
paired to  be  set  in  the  leathers  sometimes  in  lines  crossing  the  sheet,  which  is  called 
ribbed,  and  at  other  times  in  oblique  lines,  called  twilled,  these  variations  are  produced 
bf  the  positions  of  the  notches  or  steps  upon  the  edee  or  periphery  of  the  cam  or  in- 
deited  wheel,  which  shifts  the  guide  rollers  that  hold  the  fillet  or  sheet  of  leather  as 
iMr  described. 

CARMINE  (Eng.  and  Fr. ;  Karminatoff,  Germ.)  is,  according  to  Pelletier  and  Caven- 
triple  compound  of  the  coloring  substance,  and  an  animal  matter  contained  in 
coebiaeal,  combined  with  an  acid  added  to  effect  the  precipitation.  The  preparation  of  this 
aitiele  is  still  a  mystery,  because,  upon  the  one  hand,  its  consumption  being  very  lunited, 
few  persons  are  engasre  1  in  its  manufacture,  and  upon  the  other,  the  raw  material  being 
nsfif,  extensive  experiments  on  it  cannot  be  eonveniently  made.  Success  in  this  bnsi- 
leii  ii  said  to  depend  not  a  little  upon  dexterity  of  manipulation,  and  upon  knowing  the 
ivtuu  for  arresting  the  further  action  of  heat  upon  the  materials. 

Tbere  is  sold  at  the  shops  different  kinds  of  carmine,  distinguished  by  numbers,  and 
yoMsMcd  of  a  corresponding  value.  This  difference  depends  upon  two  causes ;  either 
the  proportion  of  alumina  added  in  the  precipitation,  or  of  a  certain  quantity  of 
vottilkMi  put  in  to  dilute  the  color.  In  the  first  case  the  shade  is  paler,  in  the  seeoiKl  it 
^  ioC  the  same  lustre.  It  is  always  easy  to  discover  the  proportion  of  the  adulteration. 
%  inilinir  ourselves  of  the  property  of  pure  carmine  to  dissolve  in  water  of  ammonia, 
^  wbole  foreign  matter  remains  untouched,  and  we  may  estimate  its  anx>nnt  by  dryiqg 
theitudanm. 

To  maki  Ordinary  Carmine. 
Tkke  1  pound  of  cochineal  in  powder ; 

3  drachms  and  a  half  of  carbonate  of  potash  ; 
8  drachms  of  alum  in  powder ; 
3  drachms  and  a  half  of  fish-glue, 
nt  eoehineal  must  be  boiled  along  with  the  potash  in  a  copper  containing  five  pfti]»> 
•«if  mer  (60  pints);  the  ebullition  being  allayed  with  ooU  water.  AAer  boQiaf  m 
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few  minutes  the  copper  must  be  taken  from  the  fire,  and  pkeed  on  a  table  at  sach  u 
angle  as  that  the  liquor  may  be  conveniently  transrased.  The  pounded  aloic  is  thai 
thrown  in,  and  the  decoction  is  stirred ;  it  changes  color  immediately,  and  inclines  to  a 
more  brilliant  tint.  At  the  end  of  fiAeen  minutes  the  cochinesd  is  deposited  at  the 
bottom,  and  the  bath  becomes  as  clear  as  if  it  had  been  filtered.  It  eontains  the  eokr* 
mg  matter,  and  probably  a  little  alum  in  suspension.  We  decant  it  then  into  a  copper  of 
equal  capacity,  and  place  it  over  the  fire,  adding  the  fish-glue  dissolved  in  a  great  deal  of 
water,  and  passed  through  a  scarce.  At  the  moment  of  ebullition,  the  cannine  is  per- 
ceived to  rise  up  to  the  surface  of  the  bath,  and  a  coagulum  is  formed,  like  what  t^ 
place  in  clarifications  with  white  of  e^g.  The  copper  must  be  immediately  taken  fnn 
the  fire,  and  its  contents  be  stirred  with  a  spatula.  In  the  course  of  fifteen  or  twenty 
minutes  the  carmine  is  deposited.  The  supernatant  liquor  is  decanted,  and  the  deponie 
must  be  drained  upon  a  filter  of  fine  canvass  or  linen.  If  the  operation  has  been  well 
conducted,  the  carmine,  when  dry,  crushes  readily  under  the  fingers.  What  remains  afier 
the  precipitation  of  the  carmine  is  still  much  loaded  with  color,  and  may  be  emplojed 
very  advantageously  for  carminated  lakes.   See  Lake. 

By  the  old  German  process,  carmine  is  prepared  by  means  of  alum  witbont  any  otlier 
addition.  As  soon  as  the  water  boils,  the  powdered  cochineal  is  thrown  into  it,  stirred 
well,  and  then  boiled  for  six  minutes ;  a  little  ground  alum  is  added,  and  the  bcaUng  is 
continued  for  three  minutes  more ;  the  vessel  is  removed  from  the  filre,  the  liqoor  is  fil- 
tered and  left  for  three  days  in  porcelain  vessels,  in  the  course  of  whidi  time  a  red  mat- 
ter falls  down,  which  must  be  separated  and  dried  in  the  shade.  This  is  carmine,  wiiidi 
is  sometimes  previously  purified  by  washing.  The  liquor  oAer  three  days  more  lets  fidi 
an  inferior  kind  of  carmine,  but  the  residuary  coloring  matter  may  also  be  sepaiHed  bj 
the  muriate  of  tin. 

The  proportions  for  the  above  process  are  580  parts  of  clear  river  water,  16  parts  of 
cpchineal,  and  1  part  of  alum ;  there  is  obtained  from  Ij^  to  2  parts  of  carmine. 

Another  carmine  with  tartar. — To  the  boiling  water  the  cochineal  Is  added,  and  sAer 
some  time  a  little  cream  of  tartar;  in  eight  minutes  more  we  add  a  little  cUom,  and  coi- 
tinue  the  boiling  fur  a  minute  or  two  longer.  Then  take  it  from  the  fire  and  poor  it 
into  glass  or  porcelain  vessels,  filter,  and  let  it  repose  quietly  till  the  carmine  falls  dom. 
We  then  decant  and  dry  in  the  shade.  The  proportions  are  8  pounds  of  water,  8  cs. 
of  cochineal,  |  oz.  of  cream  of  tartar,  {  oz.  of  alum,  and  the  product  is  am  oonce  of 
carmine. 

The  process  of  JItou  or  Langlois. — Boil  two  pails  and  a  half  of  river  water  (30  pints), 
throw  into  it,  a  little  afterwards,  a  pound  of  cochineal,  add  a  filtered  solution  of  six 
drachms  of  carbonate  of  soda  and  a  pound  of  water,  and  let  the  mixture  boil  fur  half  an 
hour;  remove  the  copper  from  the  lire,  and  let  it  cool,  inclining  it  to  one  side.  Add 
six  drachms  of  pulverized  alum,  stir  with  a  brush  to  quicken  the  solution  of  the  salt,  and 
let  the  whole  rest  20  minutes.  The  liquor,  wiiich  has  a  fine  scarlet  color,  is  to  be  care- 
fully decanted  into  another  vessel,  and  there  is  to  be  put  into  it  the  whites  of  two  eggs 
well  beat  up  with  half  a  pound  of  water.  Stir  again  with  a  brush.  The  copper  is  re- 
placed on  the  fire,  the  alumina  becomes  concrete,  and  carries  down  the  coloring  matter 
with  it.  The  copper  is  to  be  taken  from  the  fire,  and  left  at  rest  fur  25  or  30  minutes  to 
allow  the  carmine  to  fall  down.  When  the  supernatant  liquor  is  drawn  oflT,  the  de- 
posite  is  placed  upon  filter  cloth  stretched  upon  a  frame  to  drain.  When  the  carmine 
has  the  consistence  of  cream  cheese,  it  is  taken  from  the  filter  with  a  silver  or  ivoiy 
knife  and  set  to  dry  upon  plates  covered  with  paper,  to  screen  it  from  dust.  A  pound  of 
cochineal  gives  in  this  way  an  ounce  and  a  half  of  carmine. 

Process  of  Madame  Cenette,  of  .Amsterdam,  with  salt  of  sorrel. — Into  six  pails  of  river 
water  boiling  hot  throw  two  pounds  of  the  finest  cochineal  in  powder,  continue  the 
ebullition  for  two  hours,  and  then  add  3  oz.  of  refined  saltpetre,  and  after  a  few  minutes 
4  oz.  of  salt  of  sorrel.  In  ten  minutes  more  take  the  copper  from  the  fire  and  let  it 
settle  for  four  hours ;  then  draw  ofi'  the  liquor  with  a  syphon  into  fiat  plates  and  leave  it 
there  for  three  weeks.  Afterwards  there  is  formed  upon  the  surface  a  pretty  thick  nrauldi- 
ness,  which  is  to  be  removed  dexterously  in  one  pellicle  by  a  slip  of  whalebone,  ShonU 
the  film  tear  and  fragments  of  it  fall  down,  they  must  be  removed  with  the  utmost  care. 
Decant  the  supernatant  water  with  a  syphon,  the  end  of  which  may  touch  the  bottom  of 
the  vessel,  because  the  layer  of  carmine  is  very  firm.  Whatever  water  remains  must  be 
sucked  away  by  a  pipette.  The  carmine  is  dried  in  the  shade,  and  has  an  extraordinary 
lustre. 

Carmine  by  the  salt  of  tin,  or  the  Carmine  of  China. — Boil  the  cochineal  in  river  water, 
adding  some  Roman  alum,  then  pass  through  a  fine  cloth  to  remove  the  cochineal,  ana 
set  the  liquor  aside.  It  becomes  brighter  on  keeping.  AAer  having  heated  this  liquor, 
pour  into  it,  drop  by  drop,  solution  of  tin  till  the  carmine  be  precipitated.  The  propor- 
tions are  one  pailful  of  water,  20  oz.  of  cochineal,  and  60  grains  of  alum,  with  a  adta* 
tion  of  tin  containing  4  oz.  of  the  metal. 
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To  mire  or  (ngftttn  carmine, — We  may  brighten  ordinary  earmine,  and  obtain  a  rcry 
fine  and  clear  pigment,  by  dissolving  it  in  water  of  ammonia.  For  this  purpose  we  leave 
BUmioiUB  upon  carmine  in  the  heat  of  the  snn,  till  all  its  color  be  extracted,  and  the  liquor 
has  got  a  fine  red  iinge.  It  mnst  be  then  drawn  off  and  precipitated,  by  acf  tic  acid  and 
alchohol,  next  washed  with  alcohol,  and  dried.  Carmine  dissolved  in  ammonia  has  been 
Ions:  employed  by  painters,  under  the  nnmc  of  liquid  cnrmine. 

Carmine  is  the  finest  red  color  which  the  painter  possesses.  It  is  principally  employed 
in  miniature  painting,  water  colors,  and  to  lint  ortifiAnl  flowers,  because  it  is  more  trans- 
parent than  the  other  colors.    For  Carmitiitim,  see  Cochikkal. 

CARPET.  {TapUy  Fr. ;  Teppich,  Genn.)  A  thick  woollen  fabric  of  variegated 
colors,  for  covering  the  floors  of  the  better  sort  of  apartments.  This  luxurious  manufac- 
ture took  its  origin  in  Persia  and  Turkey,  whence  the  most  beautiful  patterns  were  wont 
to  come  into  Europe;  but  they  have  been  for  some  time  surpassed  by  the  worknMinship  of 
France,  Great  Britain,  and  Belgium.  To  form  a  just  conception  of  the  elegant  and  in- 
genious processes  by  which  carpets  are  made,  we  should  visit  the  royal  establishment  of 
the  Gobelins  at  Paris,  where  we  would  see  the  celebrated  carpet  manufactory  of  the 
Savonnerie,  which  has  been  transported  thiiher.  A  detailed  set  of  engravines  of  this  art 
is  given  by  Roland  de  In  Plati^re  in  the  first  and  second  volumes  of  the  Encyclopedic 
M^thodique,  to  which  I  must  refer  my  readers,  as  a  due  exposition  of  its  machines  and 
operations  would  far  exceed  the  scope  of  the  present  volume. 

TTic  warp,  says  M.  Roland,  being  the  foundation  of  the  fabric,  ought  to  be  of  fine 
wool,  equally  but  firmly  spun,  and  consist  of  three  yarns  twisted  into  one  thread.  The 
yams  that  are  to  form  the  velvety  surface  of  the  carpet,  ought  al$o  to  be  of  the  best 
qaality,  but  soft  and  downy  in  their  texture,  so  that  the  dye  may  penetrate  every  fila- 
ment. Hemp,  or  linen  yarns,  are  likewise  employed  in  this  manufacture,  as  a  woof,  to 
bind  the  warp  firmly  together  after  each  shoot  of  the  velvety  threads.  Thus  we  see 
that  cood  carpeting  consists  essentially  of  two  distinct  webs  woven  at  the  same  time, 
and  firmly  decussated  together  by  the  woof  threads.  Hence  the  form  of  the  pattern  is 
the  same  upon  the  two  sides  (if  the  cloih,  only  the  colors  are  reversed,  so  that  what  was 
green  upon  one  side  becomes  red  or  black  upon  the  other,  and  vice  versa.  The  smaller 
the  figures  the  more  frequent  the  decussations  of  the  two  planes,  and  the  firmer  and 
more  durable  the  fubi  ic. 

The  carpet  manufacture,  as  now  generally  practised,  may  be  distributed  into  two  sys- 
tems— that  of  double  fabrics,  and  that  cut  in  imitation  of  velvet.  Of  late  years  the 
Jacqnard  loom  has  been  much  used  in  weaving  carpets,  the  nature  of  which  will  be 
fonnd  fully  explained  under  that  title. 

For  the  sake  of  illustration,  if  we  suppose  the  double  carpels  to  be  composed  of  only 
two  colors,  the  principle  of  weaving  will  be  easily  understood ;  for  it  is  only  necessary 
to  raise  the  warp  of  each  web  alternately  for  the  passage  of  the  shuttle,  the  upper  web 
being  entirely  above  when  the  under  web  is  bcinq  woven,  or  decussated,  and  via  versa, 
la  a  Brussels  carpet  the  worsted  yam  raised  to  form  the  pile,  and  make  the  figure,  is 
not  cut ;  in  the  Wilton  the  pile  is  cut  to  give  it  a  velvety  aspect  and  softness.  In  the 
imperial  Brussels  carpet  the  figvre  is  rai<ed  above  the  ground,  and  its  pile  is  cut, 
hat  the  ground  is  uncut;  and  in  the  royal  Wilton,  the  pile  is  both  raised  higher 
(ban  in  the  common  Wilton,  and  it  is  cut,  whereby  it  has  a  rich  cushion-like  ap- 
pearance. The  cloth  of  all  these  superior  carpets  consists  of  woollen  and  linen,  or 
^emp  ;  the  latter  being  put  upon  a  beam,  and  brought,  of  course,  through  lieddles  and  a 
•Teed ;  but  as  its  only  purpose  is  to  bind  together  the  worsted  fabric,  it  should  not  be 
Visible  upon  the  upper  face  of  the  carpet.  The  worsted  yarn  is  wound  upon  small  bob- 
Ikfns  or  pirns,  with  a  weight  affixed  to  each,  for  giving  proper  tension  to  the  threads. 
*^!lieir  numl)er  varies,  for  one  web,  from  1300  to  1800,  according  as  the  carpet  is  to 
27  or  36  inches  wide ;  and  they  are  placed,  in  frames,  behind  the  loom,  filled  with 
c^ifierently  colored  yam,  to  correspond  with  the  figure.  This  worsted  warp  is  then  drawn 
^bxoiigh  the  harness,  heddles,  and  reed,  to  be  associated  with  the  linen  yam  in  the  eom^ 
^MHind  fabric. 

In  Kidderminster  carpeting,  both  warp  and  weft  appear  upon  the  face  of  the  dotb, 
"^llhereas,  in  the  Brussels  style,  only  the  warp  is  seen,  its  binding  weft  being  fine  hempen 
linen  threads.   The  three-ply  imperial  carpet,  called  the  Scotch,  is  coming  very 
"^jim  1i  into  vogue,  and  is  reckoned  by  many  to  be  little  inferior  in  texture,  look,  and 
"^wear  to  the  Brassels.   Kilmarnock  has  acquired  merited  distinction  by  this  ingentoiu 
-^ndnatry.   In  this  fabric,  as  well  as  in  the  two-ply  Kidderminster,  the  weft  predominates, 
^nd  displays  the  design ;  but  in  the  French  carpets,  the  worsted  warp  of  the  web  shows 
'We  figure.    Plain  Venetian  carpets,  as  used  for  stairs  and  passages,  are  woven  in  simple 
^eons,  provided  merely  with  the  common  heddles  and  reed.   The  warp  should  be  a 
wMitance  of  worsted  yam,  so  heavy  as  to  cover  in  the  weft  completely  from  the  view; 
'^filgtni  Venetian  carpets  are  woven  in  the  two-ply  Kidderminster  looms,  and  are 
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prorided  with  a  mechanism  to  raise  the  pattern  npoa  the  worsted  warp.  The  weft  is  as 
alternate  shoot  of  worsted  and  linen  yarn,  and  must  be  concealed. 

The  following  figure  and  description  will  explain  the  constmetion  of  the  thrae-plf 
imperial  Scotch  and  two-ply  Kidderminster  carpet-loom,  which  is  mevely  a  modifieatiw 
of  the  Jacquard  metier.   The  Brussels  carpet-loom,  on  the  contrary,  is  a  draw-toy  loon 

on  the  damask  pkm,  and  reqoiies  the 
weaver  to  have  an  anistanL  Fig.  270, 
A  A  A,  is  the  frame  of  the  kxMn,  eoi- 
sisting  of  four  upright  poits,  with  eqpi 
and  cross  rails  to  bind  them  together. 
The  poets  are  about  six  feet  high,  c  r, 
the  cloth-beam,  is  a  wooden  cj^uDder, 
six  inches  or  thereby  in  diameter,  of 
sufficient  length  to  traverse  the  kon, 
with  iron  gudgeons  in  the  two  ends^ 
which  work  in  bushes  in  the  side  frune. 
On  one  end  of  this  beam  is  a  ratchet 
wheel,  with  a  tooth  to  keep  it  fiuD 
turning  round  backwards  by  the  tensioa 
of  the  web.  d,  the  lay,  with  its  reed, 
its  under  and  upper  shell,  its  two  latend 
rulers  or  swords,  and  rocking-tree  above. 
There  are  grooves  in  the  upper  ind 
under  shell,  into  which  the  reed  is  fitted. 
£,  the  heddles  or  harness,  with  a  dooUe 
neck  attached  to  each  of  the  tower  or  card 
mechanisms  f  f,  of  the  Jacquard  loon. 
The  heddles  are  connected  and  wofk  with 
the  treddles  b  b,  by  means  of  cords,  as  shown  in  the  figure.  6  g  are  wooden  boxes  for 
the  cards,    h,  the  yarn  or  warp-beam. 

In  draw-looms  of  every  kind,  there  is  no  sinking  of  any  portion  of  the  warp,  is  in 
plain  cloth-vcavinf; ;  but  the  plane  of  the  warp  is  placed  low,  and  the  threads  uider 
which  the  shuttle  is  to  pass  are  raised,  while  all  the  rest  remains  stationary.  The 
harness  part  of  this  carpet-loom  is  moved  by  an  assistant  boy  or  girl,  who  thus  allows 
the  weft  to  he  properly  decussated,  while  the  weaver  attends  to  working  the  front 

mounting  or  heddles.  Fig.  271,  a  repre- 
sents the  frame  of  a  carpet  draw-loom; 
B  is  a  box  or  frame  of  pulleys,  otct 
which  the  cords  of  the  harness  pass,  asd 
are  then  made  fast  to  a  piece  of  wood, 
seen  at  e,  which  the  weavers  call  a  table. 
From  the  tail  of  the  harness  the  simples 
descend,  and  to  the  end  of  each  is  at- 
tached a  small  handle  c,  called  a  bob. 
These  handles  being  disposed  in  pain, 
and  their  regularity  preserved  by  meam 
of  a  perforated  board  c,  it  is  merely  ne- 
cessary to  pull  every  handle  in  sncees- 
sion ;  the  weaver,  at  the  same  time^ 
working  his  treddles  with  his  feet,  as  in 
any  other  loom.  The  treddles  are  four 
in  number,  the  fabric  being  that  of  plain  or  alternate  cloth,  and  two  treddles  allot- 
ted for  each  web.  The  harness  part  of  the  carpet  draw-loom  is  furnished  with 
maUsy  or  metallic  eyes,  to  save  friction;  two  threads  being  drawn  through  each  eye. 
The  design  or  pattern  of  a  carpet  is  drawn  upon  cross-role  paper,  exactly  in  the 
same  way  as  every  other  kind  of  fancy-loom  work,  and  is  transferred  from  the  paper 
to  the  mounting  by  the  rules  for  damask  weaving.  Suppose  that  a  double  web  is  so 
mounted  that  every  alternate  thread  of  the  one  may  be  raised,  so  as  to  form  a  suffi- 
cient shed-way  for  the  shuttle,  without  depressing  the  other  in  the  least.  Then  suppote 
another  web  placed  above  the  former,  at  such  a  distance  that  it  will  exactly  touch  the 
convexity  of  those  threads  of  the  former  which  are  raised.  Then,  if  the  threads  of 
the  latter  web  are  sunk  while  the  others  are  rabed,  the  two  would  be  entirely  in- 
corporated. But  if  this  be  only  partially  done,  that  is,  at  particular  phices,  only  thoae 
parts  immediately  operated  upon  will  be  afi*ected  by  the  action  of  the  apparatus. 
If  the  carpet  is  a  two-colored  pattern,  as  black  and  red,  and  if  upon  the  upper  snr- 
fhce,  as  extended  in  the  loom,  red  flowers  are  to  be  represented  upon  a  black  ground, 
then  all  those  species  of  design  paper  which  are  colored  may  be  supposed  to  represent 
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Uie  red,  and  those  which  are  vacant  the  black.  Then  ccnnting  the  f  pnces  npon  the 
paper,  omit  those  which  are  vacant,  and  cord  those  which  are  colored,  and  the  effect 
wUl  be  produced.  But  as  the  two  webs  are  to  be  raised  alternately,  whatever  is  corded 
for  the  first  handle  must  be  passed  by  for  the  second,  and  vice  verga ;  so  thai  the  one  will 
form  the  flower,  and  the  other  the  ground. 

The  board  by  which  the  simples  are  regulated  appears  at  f.   d  shows  the  weights. 

CARTHAMUS,  or  safflower  (canhamus  tinclorius),  (Carihame,  Fr. ;  F  rber  dislel, 
Germ.),  the  flower  of  which  alone  is  used  in  dy^g,  is  an  annual  plant  cultivated  in 
^in,  Egypt,  and  the  Levant.  There  are  two  varieties  of  it  —  one  which  has  large 
leaves,  and  the  other  smaller  ones.  It  is  the  last  which  is  cultivated  in  Egypt,  where  it 
forms  a  considerable  article  of  commerce. 

Carthamus  contains  two  coloring  matters,  one  yellow  and  the  other  red.  The  first 
•lone  is  soluble  in  water ;  its  solution  is  always  turbid :  with  re-agents  it  exhibits  the 
characters  usually  remarked  in  yellow  coloring  matters.  The  acids  render  it  liehter, 
the  alkalis  deepen  it,  giving  it  more  of  an  orange  hue :  both  produce  a  small  dun  pre- 
cipitate, in  consequence  of  which  it  becomes  clearer.  Alum  forms  a  precipitate  of  a  deep 
yellow,  in  small  quantity.  The  solution  of  tin  and  the  other  metallic  solutions  cause  pre- 
cipitates which  have  nothing  remarkable  in  them. 

The  yellow  matter  of  carthnmus  is  not  employed ;  but  in  order  to  extract  this  portion, 
the  carthamus  is  put  into  a  bag,  which  is  trodden  under  water,  till  no  more  color  can 
be  pressed  out.  The  flowers,  which  were  yellow,  become  reddish,  and  lose  in  this  opera 
tion  nearly  one  half  of  their  weight.    In  this  state  they  are  used. 

For  extracting  the  red  part  of  carthamus,  and  thereafter  applying  it  to  stuff,  the  prop- 
erty which  alkalis  possess  of  dissolving  it  is  had  recourse  to,  and  it  is  afterwards  pre- 
cipitated by  an  acid. 

The  process  of  dyeing  consists,  therefore,  in  extracting  the  coloring  matter  by  means  of 
an  alkali,  and  precipitating  it  on  the  stuff  by  means  of  an  acid.  It  is  this  fecula  which 
serves  for  making  the  rouge  employed  by  ladies. 

As  to  this  rouge,  the  solution  of  carthamus  is  prepared  with  crystallized  carbonate  of 
soda,  and  it  is  precipitated  by  lemon  juice.  It  has  been  remarked  that  lemons,  begin- 
ning to  spoil,  were  filter  for  this  operation  than  those  which  were  less  ripe,  whose  juice 
retained  much  mucilage.  After  s<iueezing  out  the  lemon  juice,  it  is  left  to  settle  for  some 
da3rs.  The  precipitate  of  carthamus  is  dried  at  a  gentle  heal  upon  plates  of  stone-ware ; 
from  which  it  is  detached  and  very  carefully  ground  with  talc,  which  has  been  reduced 
to  a  very  subtile  powder,  by  means  of  the  leaves  of  shave-grass  (preale),  and  successively 
passed  through  sieves  of  increasing  fineness.  It  is  the  fineness  of  the  talc,  and  the  greater 
or  less  proportion  which  it  bears  to  the  carthamus  precipitate,  which  constitute  the  dif- 
ference between  the  high  and  low  priced  rouges. 

Carthamus  is  used  for  dyeing  sillf,  poppy,  nacarat  (a  bright  orange-red),  cherry,  rose 
color,  and  flesh  color.  The  process  differs  according  to  the  intensity  of  the  color,  and 
the  greater  or  less  tendency  to  flame  color  that  is  wanted.  But  the  carthamus  bath, 
Whofte  application  may  be  varied,  is  prepared  as  follows : 

The  carthamus,  from  which  the  yellow  matter  has  been  extracted,  and  whose  lumps 
liave  been  broken  down,  is  put  into  a  trough.  It  is  repeatedly  sprinkled  with  cendrea 
frravelees  (crude  pearlashes),  or  soda  (barilla)  well  powdered  and  sifted  at  the  rate  of 
6  pounds  for  120  lbs.  of  carthamus;  but  soda  is  preferred,  mixing  carefully  as  the  alkali 
is  introduced.  This  operation  is  called  amestrer.  The  amuired  carthamus  is  put  into 
m  small  trough  with  a  grated  bottom,  first  lining  this  trough  with  a  closely  woven  cloth. 
l¥hen  it  is  about  half  filled,  it  is  placed  over  the  large  trough,  and  cold  water  is  poured 
into  the  upper  one,  till  the  lower  becomes  full.  The  carthamus  is  then  set  over  another 
troogb,  till  the  water  comes  from  it  almost  colorless.  A  little  more  alkali  is  now  mixed 
with  it,  and  fresh  water  is  passed  through  it.  These  operations  are  repeated  till  the  car- 
thamus be  exhausted,  when  it  turns  yellow. 

After  distributing  the  silk  in  hanks  upon  the  rods,  lemon  juice,  brought  in  casks  from 
Provence,  is  poured  into  the  bath  till  it  becomes  of  a  fine  cherry  color;  this  is  called 
taming  the  bath  (rtrer  le  bain).  It  is  well  stirred,  and  the  silk  is  immersed  and  turned 
round  the  skein-sticks  in  the  bath,  as  long  as  it  is  perceived  to  take  up  the  color.  For 
fonceau  (poppy  color),  it  is  withdrawn,  the  liquor  is  run  out  of  it  upon  the  peg,  and  it 
ii  turned  through  a  new  bath,  where  it  is  treated  as  in  the  first.  After  this  it  is  dried 
tad  passed  through  fresh  baths,  continuing  to  wash  and  dry  it  between  each  operation, 
tin  it  has  acquired  the  depth  of  color  that  is  desired.  When  it  has  reached  the  proper 
point,  a  brightening  is  given  it  by  turning  it  round  the  sticks  seven  or  eight  times  in  a  bath 
of  hot  water,  to  which  about  half  a  pint  of  lemon  juice  for  each  pailful  of  water  has  been 
•dded. 

When  silk  is  to  be  dyed  ponceau  or  flame  color,  it  must  be  previously  boiled  as  for 
^Mte ;  it  must  then  receive  a  slight  foundation  of  annotto,  as  explained  in  treating  of 
Cbis  snlMtance.   The  silk  should  not  be  alumed. 
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The  nacaratsy  and  the  deep  cherry  coloni,  are  given  precisely  like  the  pomeeauxt  foits 
they  receive  no  annotto  ground ;  and  baths  may  be  employed  which  have  served  for  the 
ponceau,  so  as  to  complete  their  exhaustion.  Fresh  bioiths  are  not  made  for  the  latter 
colors,  unless  there  be  no  occasion  for  the  poppy. 

With  resaril  to  tlie  lighter  cherr}--reds,  rose  color  of  all  shades  and  flesh  colon,  they 
are  made  with  the  second  and  la^t  runnings  of  the  carthamns,  which  are  weaker.  The 
deepest  shades  are  passed  throus;h  first. 

The  li'.'htest  of  all  these  shades,  wlikh  is  an  extremely  delicate  flesh  color,  requires  a 
little  soap  to  be  put  into  the  bath.  This  soap  lightens  the  color,  and  prevents  it  from 
taking  too  speedily,  and  becoming  uneven.  The  silk  is  then  washed,  and  a  little  bright- 
ening is  givf-n  it,  in  a  bath  which  has  ser\'ed  for  the  drepcr  colors 

All  these  baths  are  employed  the  moment  they  are  made,  or  as  speedily  as  posnUe, 
because  tlicy  lose  much  of  their  color  upon  keeping,  by  which  they  arc  even  entirely 
destroyed  at  the  end  of  a  certain  time.  They  are,  moreover,  used  cold,  to  prevent  the 
color  from  being  injured.  It  must  have  been  remarked  in  the  experiments  just  described, 
that  the  caustic  alkalis  attack  the  extremely  delicate  color  of  carthamus,  making  it  pisi 
to  yellow.  This  is  the  reason  why  crystals  of  soda  are  preferred  to  the  other  alka- 
line matters. 

In  order  to  diminish  the  expense  of  the  carthamus,  it  is  the  practice  in  preparing  the 
^per  shades  to  mingle  with  the  first  and  the  second  bath  about  one  fiAh  of  the  bath  of 
archil. 

Dobereiner  regards  the  red  coloring  matter  of  cnrthiimns  as  an  acid,  and  the  yellow  u 
a  base.  His  carlhamie  acid  forms,  with  the  alkalis,  colorless  salts,  decomposed  by  the 
tartaric  and  acetic  acids,  which  precipitate  the  acid  of  a  bright  rose-red.  Heat  has  a  re- 
markable influence  upon  carthamus,  rendering  its  red  color  yellow  and  dull.  Hence,  the 
colder  the  water  is  by  which  it  is  extracted,  the  finer  is  the  color.  Light  destroAs  the 
color  very  rapidly,  and  hitherto  no  means  have  been  found  of  connteracting  this 
eflfect.  Tor  this  reason  this  brilliant  color  must  be  dried  in  the  shade,  il»  dye  mast  bs 
given  in  a  shady  place,  and  the  silk  stufl*s  dyed  with  it  must  be  preser\*ed  as  much  as 
possible  from  the  light.  Age  is  nearly  as  injurious  as  light,  especially  upon  the  dye  in  a 
damp  state.  The  color  is  very  dear,  because  a  thousand  parts  of  carthamus  contain  only 
five  of  it. 

In  preparing  the  finest  rouge,  the  yellow  coloring  matter  being  separated  by  washing 
with  water,  the  red  is  then  dissolved  by  the  aid  of  alkali,  and  is  thrown  down  on  linen 
or  cotton  rags  by  saturating  the  solution  with  vegetable  aciJ.  The  color  is  rinsed  out  of 
these  rafirs,  dissolved  anew  in  alkalis,  and  once  more  precipitated  by  Irmon  juice.  The 
best  and  freshest  carthamus  must  be  selected.  It  is  put  into  linen  bag«s,  which  are  placed 
in  a  stream  of  w  ater,  and  kneaded  till  the  water  runs  off  colorless.  The  bags  are  then 
put  into  water  soured  with  a  little  vinegar,  kneaded  till  the  color  is  all  expelled,  and 
finally  rinsed  in  running  water.  By  this  treatment  the  carthamus  loses  nearly  half  its 
weight.  6H33  cwts.  of  snfllower  were  imported  into  the  United  Kingdom  in  1835,  of 
which  2930  cwts.  were  retained  for  internal  consumption. 

CASE-IIARDENDTG  is  the  name  of  the  process  by  which  iron  tools,  keys,  &c.,  have 
their  surtaces  converted  into  steel. 

Steel  when  very  hard  is  brittle,  and  iron  alone  is  for  many  purposes,  as  fur  fine  keyi, 
far  too  soft.  It  is  therefore  an  important  desideratum  to  combine  the  hardness  of  a 
steely  surface  with  the  toughness  of  an  iron  body.  These  requisites  are  united  by  the 
process  of  cnse-hardening,  which  does  not  diflcr  from  the  making  of  steel,  except  in  the 
shorter  duration  of  the  process.  Tools,  utensils,  or  ornaments,  intended  to  be  polished, 
are  first  manufactured  in  iron  and  nearly  finished,  after  which  they  are  put  into  an  iron 
box,  together  with  vegetable  or  animal  charcoal  in  powder,  and  cemented  for  a  certain 
time.  This  treatment  converts  the  external  part  into  a  coating  of  steel,  which  is  usually 
very  thin,  because  the  time  allowed  for  the  cementation  is  much  shorter  than  when  tbt 
whole  substance  is  intended  to  be  converted.  Immersion  of  the  heated  pieces  into  water 
hardens  the  surface,  which  is  aAerwards  polished  by  the  usual  methods.  Moxon,  in  hit 
Mechanic  ExerciseH,  p.  56,  gives  the  following  receipt  for  case-hardening: — "Cow's  horn 
or  hoof  is  to  be  baked  or  thoroughly  dried  and  pulverized.  To  this  add  an  equal 
quantity  of  bay  salt ;  mix  them  with  stale  chamber-ley  or  white  wine  vinegar :  cover 
the  iron  with  this  mixture,  and  bed  it  with  the  same  in  loam,  or  enclose  it  in  an  iron  box; 
lay  it  on  tiie  hearth  of  the  forge  to  dr>'  and  harden  :  then  put  it  into  the  fire,  and  blow 
till  the  lump  have  a  blood-red  heat,  and  no  higher,  lest  the  mixture  be  burnt  too  much. 
Take  the  iron  out,  and  immerse  it  in  water  to  harden."  I  consider  the  vinegar  to  be 
quite  superfluous. 

I  shall  now  describe  the  recent  application  of  prussiate  (ferrocyanate)  of  potash  to  thii 
purpose.  The  piece  of  iron,  after  being  polished,  is  to  be  made  brightly  red-hot,  and 
then  rubbed  or  sprinkled  over  with  the  above  salt  in  fine  powder,  upon  the  part  intended 
to  be  hardened.   The  prussiate  being  decomposed,  and  apparently  dissipated,  the  iron  it 
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to  be  qvenehed  in  cold  water.  If  the  process  has  been  well  managed,  the  surface  of  the 
Dielal  will  have  become  so  hard  as  to  resist  the  file.  Others  propose  to  smear  orer 
the  sarface  of  the  iron  with  loam  made  into  a  thin  paste  with  a  strong  solution  of 
the  pmssiate,  to  dry  it  slowly,  then  expose  the  whole  to  a  nearly  white  heat,  and 
fasDy  plunge  the  iron  into  cold  water,  when  the  heat  has  fidlen  to  dull  redness.  See 
SnsL. 

CASFfMERE  or  CACHEMERE,  a  peculiar  textile  fabric  first  imported  from  the 
kiagdom  of  Cashmere,  and  now  well  imitated  m  France  and  Great  Britain.  The 
Bsterial  of  the  Cashmere  shawb  is  the  downy  wool  found  about  the  roots  of  the  hair  of 
tbe  Thibet  ^t.  The  year  1819  is  remaHcable  in  the  history  of  French  husbandry  for 
tke  acquisition  of  this  breed  of  goats,  imported  from  the  East  under  the  auspices  of  their 
nverament,  by  the  indefatigable  coora^e  and  zeal  of  M.  Jaubert,  who  encountered  every 
Mifiie  and  danger  to  enrich  his  country  with  the5e  valuable  animals,  aided  by  the 
pHriotism  of  M.  Temaax,  who  first  planned  this  importation,  and  furnished  funds  for 
eneatinc  it  at  his  own  expense  and  responsibility.  He  pkced  a  portion  of  the  flock 
hroagbt  by  M.  Jaubert,  at  his  viUa  of  Saiot  Ouen,  near  Paris,  where  the  climate  seemed 
Itt  be  very  favorable  to  them,  since  for  several  successive  years  after  their  introduction 
M.  Temaux  was  enabled  to  sell  a  great  number  of  both  male  and  female  goats.  The 
fwitity  of  fine  fleece  or  down  afforded  by  each  animal  annually,  is  (Vom  a  pound  and  ^ 
bir  to  two  pounds. 

Tbe  wool  imported  into  Europe  comes  by  the  way  of  Casan,  the  capital  of  a  govem- 
■cat  of  the  Russian  empire  upon  the  eastern  bank  of  the  Wolga ;  it  has  naturally  a 
gnywh  color,  but  is  easily  bleached.  Its  price  a  few  years  back  at  Paris  was  17  francs 
per  kilogramme;  that  is,  about  6  shillings  the  pound  avoirdupois.  The  waste  in  picking, 
cudiog,  and  spinning,  amounts  to  about  one  third  of  its  weight. 

Tbe  mills  for  spinnini^  Cachemere  wool  have  multiplied  very  much  of  late  years  in 
Prasce,  as  appears  from  the  premiums  distributed  at  the  exposition  of  1834,  and  the 
priee«  of  the  yarn  have  fallen  from  25  to  .30  per  cent,  notwith.^tanding  their  improved 
fisncss  and  quality.  There  is  a  fabric  made  with  a  mixture  of  Cachemere  down  and 
tpm  «nk,  which  is  becoming  very  general.  One  of  the  manufacturers,  M.  Hindenlang, 
nUhited  samples  of  Cachemere  cloth  woven  with  yarn  so  fine  as  No.  ISO  for  warp,  and 
5o.  m  for  weft. 

McMni.  PoUino,  brothers,  of  Paris,  produced  an  assortment  of  Cachemere  pieces  from 
8 to  100  francs  the  yard,  dyed  of  every  fancy  shade.  Their  establishment  at  Fertd-Ber- 
■ard  oceoptes  700  operatives,  with  an  hydiaulic  wheel  of  60  horse  power. 

Tke  oriental  Cashmere  shawls  are  woven  by  processes  extremely  slow  and  consequently 
coitlj;  whence  their  prices  are  very  high.  They  are  still  sold  in  Paris  at  from  4,000  to 
HMMO  francs  a  piece;  and  from  100  to  400  pounds  sterling  in  London.  It  became 
■eeetstry,  therefore,  either  to  rest  satisfied  with  work  which  should  have  merely  a  surface 
■ppearaace,  or  contrive  economical  methods  of  weaving,  to  produce  the  real  Cachemere 
i^le  with  moch  less  labor.  By  the  aid  of  the  draw-loom,  and  still  better  of  the  Jacquard 
Imb,  M.  Temaux  first  succeeded  in  weaving  Cachemere  shawls  perfectly  similar  to  the 
orintal  in  external  aspect,  which  became  fashionable  under  the  name  of  French  Cache- 
■ne.  Bat  to  construct  shawls  altogether  identical  on  both  sides  with  the  eastern,  was 
t  mart  difficult  task,  which  was  accomplished  only  at  a  later  period  by  M.  Bauson  of 

h  both  modes  of  manufacture,  the  piece  is  mounted  by  reeding-in  the  warp  for  the 
tfoest  kaves  of  the  heddles,  as  is  commonly  practised  for  warps  in  the  Jacquard  looms. 
Tk  veaving  of  imitation  shawls  is  executed,  as  usual,  by  as  many  shuttles  as  there  are 
ttlNi  la  the  design,  and  which  are  thrown  across  the  warp  in  the  order  established  by 
mitr.  The  greater  number  of  these  weft  yams  being  introduced  only  at  intenrab 
itfo  tbe  web,  when  the  composition  of  the  pattern  requires  it,  they  remain  floating  loose 
^  tbe  baek  of  the  piece,  and  are  cut  afterwards,  without  afifecting  in  the  least  the  quality 
<f  lbs  textare;  but  there  is  a  considerable  waste  of  stuff  in  the  weaving,  which  is  worked 
vpitfo  carpets. 

Tbe  weaving  of  the  imitation  of  real  Cachemere  shawls  is  different  from  the  above. 
^  ysms  intended  to  form  the  weft  are  not  only  equal  in  number  to  that  of  the  colors 
^  tbe  pattern  to  be  imitated,  but  besides  this,  as  many  little  shuttles  or  pims  (like  those 
M  by  embroiderers)  are  filled  with  these  yams,  as  there  are  to  be  colors  repeated  in 
^  breadth  of  the  piece ;  which  renders  their  number  considerable  when  the  pattern  is 
KMbat  eomplicated  and  loaded  with  colors.  Each  of  these  small  bobbins  or  shuttles 
through  only  that  portion  of  the  flower  in  which  the  color  of  its  yarn  is  to  appear, 
^  flops  at  the  one  side  and  the  other  of  the  ck>th  exactly  at  iU  limit ;  it  then  returns 
itself  after  having  crossed  the  thread  of  the  adjoining  shuttle.  From  this  recinro- 
^  btertexture  of  all  the  yams  of  the  shuttles,  it  results,  that  although  the  weft  ii 
^Bvpised  of  a  irreat  many  dtflferent  threads,  they  no  less  constitute  a  continuous  line  In 
^vhsle  breadth  of  the  web,  upon  which  the  lay  or  batten  aeU  in  the  ordinary  mf 
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We  see,  therefore,  that  the  whole  art  of  manufactaring  this  Cachemere  doth  consists  ia 
aroiding  the  confusion  of  the  shuttles,  and  in  not  striking  up  the  lay  till  all  bare  fnlfilkd 
their  function.  The  labor  does  not  exceed  the  strength  of  a  woman,  even  though  she  hu 
to  direct  the  loom  and  work  the  treddles.  Seated  on  her  bench  at  the  end  opposite  to 
the  middle  of  the  beam,  she  has  for  aids  in  weaving  shawls  from  45  to  52  inches  wide, 
two  girl  apprentices,  whom  she  directs  and  instructs  in  their  tasks.  About  four  hundred 
days  of  work  are  required  for  a  Cachemere  shawl  of  that  breadth.  For  the  eomtnction 
of  the  loom,  see  Jacquabd.  • 

In  the  oriental  process,  all  the  figures  in  relief  are  made  simply  with  a  slender  pira 
without  the  shuttle  used  in  European  weaving.  By  the  Indians  the  flower  and  iti 
ground  are  made  with  the  pirn,  by  means  of  an  intertwisting,  which  renders  them  in 
some  measure  independent  of  the  warp.  In  the  Lyons  imitation  of  this  style,  the  leares 
of  the  heddles  liA  the  yams  of  the  warp,  the  needles  embroider  as  in  lappet  weaviofi 
and  the  flower  is  united  to  the  warp  by  the  weft  thrown  across  the  piece.  Thus  a  greit 
deal  of  labor  is  saved,  the  eye  is  pleased  with  an  illusion  of  the  loom,  and  the  shawls  cost 
little  more  than  those  made  by  the  common  fly  shuttle. 

Considered  in  reference  to  their  materials,  the  French  shawls  present  three  distiset 
classes,  which  characterize  the  three  fabrics  of  Paris,  Lyons,  and  Nimes. 

Paris  manufactures  the  French  Cachemere,  properly  so  called,  of  which  both  the  wup 
and  the  wed  are  the  yam  of  pure  Cachemere  down.  This  web  represents  with  fiddi^ 
the  flares  and  the  shades  of  color  of  the  Indian  shawl,  which  it  copies ;  the  deceptios 
would  be  complete  if  the  reverse  of  the  piece  did  not  show  the  cut  ends.  The  Hindoo 
shawl,  also  woven  at  Paris,  has  its  warp  in  spun  silk,  which  reduces  its  price  withoot 
impairing  its  beauty  much. 

Lyons,  however,  has  made  the  greatest  progress  in  the  manufacture  of  shawls.  It  ex- 
cels particularly  in  the  texture  of  its  Thibet  shawls,  the  weft  of  which  is  yam  spun  with 
a  mixture  of  wool  and  spun  silk. 

Nimes  is  remarkable  for  the  low  price  of  its  shawls,  in  which  spun  silk,  Thibet  down, 
and  cotton,  are  all  worked  up  together. 

The  value  of  shawls  exported  from  France  in  the  following  years,  was — 


1831. 

1812. 

less.  1 

Frnnci. 

Franra. 

Francf.  1 

Woollen  

1,863,147 

2,070,926 

4,319,601 

Cachemere  down  -  - 

433,410 

655,200 

609,900 

401,856 

351,152 

408,824  1 

It  appears  that  M.  J.  Girard  at  Sdvres,  near  Paris,  has  succeeded  best  in  prodncing 
Cachemere  shawls  equal  in  stuff  and  style  of  work  to  the  oriental,  and  at  a  lower  price. 
They  have  this  advantage  over  the  Indian  shawls,  that  they  are  woven  without  seams,  in 
a  single  piece,  and  exhibit  all  the  variety  and  the  raised  efiect  of  the  eastern  colon. 
Women  and  children  alone  are  employed  in  his  factory. 

CASK  (Tormeau,  Fr. ;  Fass,  Germ.),  manufacture  of  by  mechanical  power.  Mr. 
Samuel  Brown  obtained  a  patent  in  November,  1825,  for  certain  improvements  m 
machiner}'  for  making  casks,  which  seems  to  be  ingenious  and  worthy  of  record.  His 
mechanism  consists  in  the  first  place  of  a  circular  saw  attached  to  a  bench,  with  a  slidng 
rest,  upon  which  rest  each  piece  of  wood  intended  to  form  a  stave  of  a  cask  is  fixed; 
and  the  rest  being  then  slidden  forward  in  a  curved  direction,  by  the  assistance  of  an 
adjustable  guide,  brings  the  piece  of  wood  against  the  edge  of  the  rotatory  saw,  and  causes 
it  to  be  cut  into  the  curved  shape  required  for  the  edge  of  the  stave.  The  second  feature 
is  an  apparatus  with  cutters  attached  to  a  standard,  and  traversing  round  with  their 
carrier  upon  a  centre,  by  means  of  which  the  upper  and  lower  edges  of  the  cask  are  cat 
round  and  grooved,  called  chining,  for  the  purpose  of  receiving  the  heads.  Thirdly,  an 
apparatus  not  very  dissimilar  to  the  last,  by  which  the  straight  pieces  of  wood  designed 
for  the  heads  of  the  cask  are  held  together,  and  cut  to  the  circular  figure  required,  and 
also  the  bevelled  edges  produced.  And  fourthly,  a  machine  in  which  the  cask  is  made 
to  revolve  upon  an  axis,  and  a  cutting  tool  to  traverse  for  the  purpose  of  shaving  the 
external  part  of  the  cask,  and  bringing  it  to  a  smooth  surface. 

The  pieces  of  wood  intended  to  form  the  staves  of  the  cask,  having  been  cut  to  their 
required  length  and  breadth,  are  placed  upon  the  slide-rest  of  the  first  mentioned  machine, 
and  confined  by  cramps;  and  the  guide,  which  is  a  flexible  bar,  having  been  previously 
bent  to  the  intended  curve  of  the  stave  and  fixed  in  that  form,  the  rest  is  then  slidden 
forward  upon  the  bench  by  the  hand  of  the  workman,  which  as  it  advances  (moving  in  a 
curved  direction)  brings  the  piece  of  wood  against  the  edge  of  the  revolving  circular 
saw,  by  which  it  is  cut  to  the  curved  shape  desired. 

The  guide  is  a  long  bar  held  by  a  serios  of  moveabla  blocks  fitted  to  ths  btiich  by 
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•erews,  and  is  bent  to  any  desired  curve  by  shii\ing  the  screws :  the  edge  of  the  slide-rests 
wlueh  holds  the  piece  of  wood  about  to  be  cut,  runs  against  the  long  guide  bar,  and 
eoDseqaence  is  conducted  in  a  corresponding  curved  course.  The  circular  saw  receives 
m  rapid  rotatory  motion  by  means  of  a  band  or  rigger  from  any  first  mover ;  and  the  piece 
of  wood  may  be  shifted  laterally  by  means  of  racks  and  pinions  on  the  side-rest,  by  the 
ivoikman  turning  a  handle,  which  is  occasionally  necessary  in  order  to  bring  the  piece 
of  wood  up  to,  or  away  from,  the  saw. 

The  necessary  number  of  staves  being  provided,  they  are  then  set  round  within  a 
coofining  hoop  at  bottom,  and  brought  into  the  form  of  a  cask  in  the  nsnal  way,  and 
braced  by  temporary  hoops.  The  barrel  part  of  the  cask  being  thus  prepared,  in  order 
to  effect  the  chining,  it  is  placed  in  a  frame  npon  a  platform,  which  is  raised  up  by  • 
treddle  lever,  that  the  end  of  the  barrel  may  meet  the  cutters  in  a  sort  of  lathe  above :  the 
cntters  are  then  made  to  traverse  round  within  the  head  of  the  barrel,  and,  as  they  pro- 
ceed, occasionally  to  expand,  by  which  means  the  bevels  and  grooves  are  cut  on  the 
npper  edge  of  the  barrel,  which  is  called  chining.  The  barrel  being  now  revened,  the 
same  apparatus  is  brought  to  act  against  the  other  end,  which  becomes  chined  in  like 
Buuiner. 

The  pieces  of  wood  intended  to  form  the  heads  of  the  cask  are  now  to  be  cut  straight 
hf  a  circular  saw  in  a  machine,  similar  to  the  first  described ;  but  in  the  present  instance 
the  slide-rest  is  to  move  forward  in  a  straight  course.  AHer  their  straight  edges  are 
thus  produced,  they  are  to  be  placed  side  by  side,  and  confined,  when  a  scribing  cutter 
is  made  to  traverse  round,  and  cut  the  pieces  collectively  into  the  circular  form  desirdl 
for  heading  the  cask. 

The  cask  having  now  been  made  up,  and  headed  by  hand  as  usual,  it  is  placed  betweea 
centres,  or  upon  an  axle  in  a  machine,  and  turned  round  by  a  rigger  or  band  with  a 
shaving  cutter,  sliding  along  a  bar  above  it,  which  cutter,  being  made  to  advance  and 
reeede  as  it  slides  along,  shaves  the  outer  part  of  the  cask  to  a  smooth  surface. 

CASSAVA.  Cassava  bread,  conaque,  ^c,  are  different  names  given  to  the  starch 
of  the  root  of  the  Manioc  {Jatropha  Manihot,  Linn.),  prepared  in  the  following  manner 
in  the  West  Indies,  the  tropical  regions  of  America,  and  upon  the  African  coast.  The 
tree  belongs  to  the  natural  family  of  the  euphorbiacea. 

The  roots  are  washed,  and  reduced  to  a  pulp  by  means  of  a  rasp  or  grater.  The  pulp 
is  put  into  coarse  strong  canvass  ba?s,  and  thus  submitted  to  the  action  of  a  powerful 
press,  by  which  it  parts  with  most  of  its  noxious  juice  (used  by  the  Indians  for  poisoning 
the  barbs  of  their  arrows.)  As  the  active  principle  of  this  juice  is  volatile,  it  is  easily 
dissipated  by  baking  the  squeezed  cakes  of  pulp  upon  a  plate  of  hot  iron.  FiHy  pounds 
of  the  fresh  juice,  when  distilled,  afford,  at  first,  three  ounces  of  a  poisonous  water,  pos- 
sessing an  intolerably  offensive  smell ;  of  which,  35  drops  being  administered  to  a  slave 
convicted  of  the  crime  of  poisoning,  caused  his  death  in  the  course  of  six  minutes,  amid 
horrible  convulsions.* 

The  pulp  dried  in  the  manner  above  described  concretes  into  lumps,  which  become 
bard  and  friable  as  they  cool.  They  are  then  broken  into  pieces,  and  laid  out  in  the  sun 
to  dry.  In  this  state  they  afford  a  wholesome  nutriment,  and  are  habitually  used  as  such 
by  the  negroes,  as  also  by  many  white  people.  These  cakes  constitute  the  only  pro- 
visions laid  in  by  the  natives,  in  their  voyages  upon  the  Amazons.  Boiled  in  water  with 
a  little  beef  or  mutton  they  form  a  kind  of  soup  similar  to  that  of  rice. 

The  cassava  cakes  sent  to  Europe  (which  I  have  eaten  with  pleasure)  are  composed 
almost  entirely  of  starch,  along  with  a  few  fibres  of  the  ligneous  matter.  It  may  be 
purified  by  diffusion  through  warm  water,  passing  the  milky  mixture  through  a  linen 
eloth,  evaporating  the  strained  liquid  over  the  fire,  with  constant  agitation.  The  starch 
dissolved  by  the  heat,  thickens  as  the  water  evaporates,  but  on  being  stirred,  it  becomes 
granulated,  and  must  be  finally  dried  in  a  proper  stove.  Its  specific  gravity  is  1*530 — 
that  of  the  other  species  of  starch. 

The  product  obtained  by  this  treatment  is  known  in  commerce  under  the  name  of  tO" 
fioea  i  and  being  starch  very  nearly  pure,  is  often  prescribed  by  physicians  as  an  aliment 
of  easy  digestion.  A  tolerably  good  imitation  of  it  is  made  by  heating,  stirring,  and 
drying  potato  starch  in  a  similar  way.  * 

The  expressed  juice  of  the  root  of  manioc  contains  in  suspension  a  very  fine  fecula,  which 
it  deposites  slowly  upon  the  bottom  of  the  vessels.  When  freed  by  decantation  from  the  sn* 
pcnatant  liquor,  washed  several  times  and  dried,  it  forms  a  beautiful  starch,  which 
cresks  on  pressure  with  the  fingers.  It  is  called  cipipa,  in  French  Guyana;  it  is 
CBployed  for  many  delicate  articles  of  cookery,  especially  pastry,  as  also  for  hair  iwwder, 
teclung  linen,  Jtc. 

Cassava  floor,  as  imported,  may  be  distinguished  from  arrow-root  and  other  kinds 

*  Jimmoit  of  Dr.  F«ndB,  eommanicaUd  to  th«  Academy  of  Berlin  coneeming  np«rimMiti  mtd«  at  Cay- 
Vfoa  tha  jaic«  of  tb«  llaiiioc.  . 
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of  starch,  by  the  appearance  of  its  {Hurtides  viewed  in  a  mieroecope.  They  ire 
spherical,  all  about  1-lOOOth  of  an  inch  in  diameter,  and  associated  in  groups;  those  of 
potato  starch  are  irregular  ellipsoids,  Tar}-ing  in  size  from  l-300th  to  l-3(K)0th  of  u 
inch ;  those  of  arrow-root  have  the  same  shape  nearly,  but  vary  In  size  from  1- 500th  to 
l-SOOth  of  an  inch ;  those  of  wheat  are  separate  spheres  1- 1000th  of  an  inch. 

CASSIS,  the  black  currant  (ribes  nigra,  Linn.),  which  was  formerly  celebrated  for 
its  medicinal  properties,  with  very  little  reason. 

The  only  technical  use  to  which  it  is  now  applied  is  in  preparing  the  agreeable  liqwm 
called  ratafia,  by  the  following  French  recipe : — Stone,  and  crush  three  poondsof  blsek 
currants,  adding  to  the  magma  one  drachm  of  doves,  two  of  cinnamon,  four  quarts  of  spirit 
of  wine,  at  18°  Baume  (see  Areomktre  of  Baume),  and  2|  pounds  of  sugar.  Put  the 
mixture  into  a  bottle  which  is  to  be  well  corked ;  let  it  digest  for  a  fortnight,  shaking 
tht  bottle  once  daily  during  the  first  eight  days ;  then  strain  through  a  linen  doth^  and 
fiaaUy  pass  through  filtering  paper. 

CASTING  OF  METALS.  (See  Founding.)  Casts  from  elastic  nio«l!t2t.  ~  Being 
moch  engaged  in  taking  casts  from  anatomical  preparations,  Mr.  Douglas  Fox,  Sorgeoo, 
Derby,  found  great  difficulty,  principally  with  hard  bodies,  which,  when  undercut,  cv 
haTing  considerable  overlaps,  did  not  admit  of  the  removal  of  moulds  of  the  ordinary 
kind,  except  with  injury.  These  difficulties  suggested  to  him  the  use  of  elastic  moa]d% 
which,  giving  way  as  they  were  withdrawn  from  complicated  part«,  would  return  to 
their  proper  shape ;  and  he  ultimately  succeeded  in  making  such  moulds  of  glue,  which 
BoC  only  relieved  him  from  aU  his  difficulties,  but  were  attended  with  great  advantages, 
in  consequence  of  the  small  number  of  pieces  into  which  it  was  necessary  to  divide 
the  mould. 

The  body  to  be  moulded,  previously  oiled,  must  be  secured  one  inch  above  the  surface 
of  a  board,  and  then  surrounded  by  a  wall  of  clay,  about  an  inch  distant  from  its  sides. 
The  clay  must  also  extend  rather  higher  than  the  contained  body  :  into  this,  warm  melted 
glue,  as  thick  as  possible  so  that  it  will  run,  is  to  be  poured,  so  as  to  completdy  cover 
the  body  to  be  moulded ;  the  glue  is  to  remain  liU  cold,  when  it  will  have  set  into  an 
elastic  masts,  just  such  as  is  required. 

Having  removed  the  clay,  the  glue  is  to  be  cut  into  as  many  pieces  as  may  be  ne- 
cessary for  its  removal,  either  by  a  sharp-pointed  knife,  or  by  having  placed  threads  in 
the  requisite  situations  of  the  body  to  be  moulded,  which  may  be  drawn  away  when  the 
glue  is  set,  so  as  to  cut  it  out  in  any  direction. 

The  portions  of  the  glue  mould  having  been  removed  from  the  original,  are  to  be  placed  . 
together  and  bound  round  by  tape. 

In  some  instances  it  is  well  to  run  small  wooden  pegs  through  the  portions  of  glue,  S( 
as  to  keep  them  exactly  in  their  proper  positions.  If  the  mould  be  of  considerable  size,  it  i 
better  to  let  it  be  bound  with  moderate  tightness  upon  a  board  to  prevent  it  bendin 
whilst  in  use  ;  having  done  as  above  described,  the  plaster  of  Paris,  as  in  common  castings: 
is  to  be  poured  into  the  mould,  and  left  to  set. 

In  many  instances  wax  may  also  be  cast  in  glue,  if  it  is  not  poured  in  whilst  too  hot  == 
as  the  wax  cools  so  rapidly  when  applied  to  the  cold  glue,  that  the  sharpness  of  the  im- 
pression is  not  injured. 

Glue  has  been  described  as  succeeding  well  where  an  elastic  mould  is  alone  ap— ' 
plicable;  but  many  modifications  are  admissible.    When  the  nooulds  are  not  used  sooc 
alter  being  made,  treacle  should  be  previously  mixed  with  the  glue  (as  employed  F 
printers)  to  prevent  it  becoming  hard. 

The  description  thus  given  is  with  reference  to  moulding  those  bodies  which  cannot 
be  so  done  by  any  other  than  an  elastic  mould  ;  but  glue  moulds  will  be  found  greatly  t<&--^^ 
facilitate  casting  in  many  departments,  as  a  mould  may  be  frequently  taken  by  thi^^^ 
method  in  two  or  three  pieces,  which  would  on  any  other  principle  require  many.  - 

CASTOR.    (Eng.  and  Fr. ;  Biber,  Germ.)    The  castor  is  an  amphibious  quad  ^ 

ruped,  inhabiting  North  America ;  also  found  in  small  numbers  in  the  islands  of  thcg->-^^ 
Rhone.  In  the  arts,  the  skin  of  this  animal  is  employed  either  as  a  fur  or  as  affordin^^^g 
the  silky  hair  called  beaver,  with  which  the  best  hats  are  covered.  Beaver  skins,  whici^^^ 
form  a  ve'ry  considerable  article  of  trade,  are  divided  into  3  sorts :  1.  The  fresh  beave^^^^ 
skins  from  castors,  killed  in  winter  before  shedding  their  hair ;  these  are  most  in 
quest  among  the  furriers,  as  being  the  most  beautiful.  2.  The  dry  or  lean  beavers  i 
the  skins  of  the  animals  killed  during  the  moulting  season ;  they  are  not  much  esteemed,^ 
as  the  skin  is  rather  bare.  3.  The  fat  castors :  these  are  the  skins  of  the  first  sort,  ^^uc^^Sv 
have  been  worn  for  some  lime  upon  the  persons  of  the  savages,  and  have  got  imbued  witl^^ 
Uieir  sweat.  The  last  are  principally  used  in  the  hat  manufacture.  In  France,  tli^- 
marine  otter  has  been  for  many  years  substituted  in  the  place  of  the  castor  o^^ 

beaver.   

CASTOR  or  CASTOREUM.    This  name  is  given  to  a  secretion  the 
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Qontained  m  pear-shaped  cellular  organic  sacs,  placed  near  the  genital  organs  of  hoth  the 
male  and  female  animals.  It  is  a  substance  analogous  to  civet  and  mudf,  of  a  consist- 
ence similar  to  thick  honey.  It  has  a  bitter  acrid  taste ;  a  powerful,  penetrating,  fetid, 
and  very  volatile  smell ;  but,  when  dried,  it  becomes  inodorous.  Several  chemists,  and 
in  particular  Bouillon  Lagrange,  Laugier,  and  Hildebrandt,  have  examined  castor,  and 
Ibond  it  to  be  composed  of  a  resin,  a  fatty  substance,  a  volatile  oil,  an  extractive  matter, 
benzoic  acid,  and  some  salts. 

The  mode  of  preparing  it  is  very  simple.  The  sacs  are  cut  off  from  the  castors  when 
they  are  killed,  and  are  dried  to  prevent  the  skin  being  affected  by  the  weather.  In  this 
state,  the  interior  substance  is  solid,  of  a  dark  color,  and  a  faint  smell ;  it  softens  with 
beat,  and  becomes  brittle  by  coM.  Its  fracture  betrays  fragments  of  membranes,  indi- 
cating its  organic  structure.  When  chewed,  it  adheres  to  the  teeth  somewhat  like  wax; 
it  has  a  bitter,  slightly  acrid,  and  nauseous  taste. 

The  castor  bags,  as  imported,  are  often  joined  in  pairs  by  a  kind  of  ligature.  Some- 
times the  substance  which  constitutes  their  value  is  sophisticated ;  a  portion  of  the  cas- 
toreum  being  extracted,  and  replaced  by  lead,  clay,  gums,  or  some  other  foreign  matters. 
This  fraud  may  be  easily  detected,  even  when  it  exists  in  a  small  degree,  by  the  absence 
of  the  membranous  partitions  in  the  interior  of  the  bags,  as  well  as  by  the  altered  smell 
and  taste. 

The  use  of  castoreum  in  medicine  is  considerable,  especially  in  nervous  and  spasmodic 
diseases,  and  it  is  oAen  advantageously  combined  with  opium. 

CASTORINE.  A  chemical  principle  lately  discovered  to  the  amount  of  a  few  parts 
per  «eiit.  in  Castoreum. 

CASrrOR  OIL.  The  expressed  oil  of  the  seeds  of  the  Palma  Christt,  or  Riciwut 
commtMiif,  a  native  tree  of  the  West  Indies  and  South  America ;  but  which  has  been  cul- 
tivated in  Fiance,  Italy,  and  Spain.  Bussy  and  Lecanu  discovered  in  it  3  species  of 
fatty  matters,  obtained  partly  by  saponification,  and  partly  by  dry  distillation — the  mar- 
garitie,  ricinic,  and  eUiodic  acids.  None  of  these  has  been  separately  applied  to  any 
use  in  the  arts. 

The  quantity  of  castor  oil  imported  in  1835  into  the  United  Kingdom  was  1,109,307 
lbs. ;  retained  for  home  consumption,  670,205  lbs.   See  Oils. 

CATECHU,  absurdly  called  Terra  Japonica,  is  an  extract  made  from  the  wood  of 
the  tree  mimota  catechu,  which  grows  in  Bombay,  Bengal,  and  other  parts  of  India.  It 
is  prepared  by  boiling  the  chips  of  the  interior  of  the  trunk  in  water,  evaporating  the 
solution  to  the  consistence  of  simp  over  the  fire,  and  then  exposing  it  in  the  sun  to 
harden.  It  occurs  in  flat  rough  cakes,  and  under  two  forms.  The  first,  or  the  Bombay, 
is  of  tmiform  texture,  of  a  dark  red  color,  and  of  specific  gravity  1-39.  The  second 
is  more  friable  and  less  solid.  It  has  a  chocolate  coior,  and  is  marked  inside  with  red 
streaks.   Its  specific  gravity  is  1*28. 

According  to  Sir  H.  Davy,  these  two  species  are  composed  as  follows : — 


Bombay. 

Bengal. 

64-5 

48-5 

Extractive    -      -            -      -  - 

34-0 

36-5 

6-5 

8 

Insoluble  matters,  sand  and  lime  - 

5 

7 

100-0 

100-0 

Areka  nuts  are  also  found  to  yieM  catechw;  for  which  purpose  they  are  cut  into 
pieces  watered  in  an  earthen  pot  with  solution  of  nitre,  and  have  a  little  of  the  bark  of 
a  species  of  n&imosa  added  to  them.  The  liquor  is  then  boiled  with  the  nuts,  and  affords 
an  inspissated  decoction. 

Good  catechu  is  a  brittle,  compact  solid,  of  a  dull  fracture.  It  has  no  smell,  but  a 
very  astringent  taste.  Water  dissolves  the  whole  of  it,  except  the  earthy  matter,  which 
If  piobably  added  during  its  preparation.  Alcohol  dissolves  its  tannin  and  extractive. 
Hie  latter  may  be  oxydized,  and  thus  rendered  insoluble  in  alcohol,  by  dissolving  the 
Qteeha  ia  water,  exposing  it  for  some  time  to  a  boiling  heat,  and  evaporating  to 
diyness. 

Tbe  tennin  of  catechu  differs  from  that  of  galls,  in  being  soluble  in  alcohol,  and  more 
Mlable  in  water.  It  precipitates  iron  of  an  olive  color,  and  gelatin  in  a  mass  which 
(Nul«ally  becomes  brown. 

It  bas  been  long  employed  in  India  for  tanning  skins,  where  it  is  said  to  effect  this  object 
i%  fire  days.  I  have  seen  a  piece  of  sole  leather  completely  tanned  by  it  in  this  country  in 
ten  days,  the  ox-hide  having  been  made  into  a  bag,  with  the  hair  outside,  and  kept  filled 
with  the  solution  of  catechu.   In  India  it  has  also  been  used  to  give  a  brown  dye  to 
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cotton  goods,  and  of  late  y^^ars  it  has  been  extensiTfly  introdneed  into  the  calico  priBt> 
works  of  Europe.  The  salts  of  copper  with  sa)  ammoniac  cante  it  to  give  a  hroue 
color,  which  is  yery  fast ;  the  proto-muriate  of  tin,  a  brownish  yellow ;  the  per-chloriile 
of  tin,  with  the  addition  of  nitrate  of  copper,  a  deep  bronze  hue;  acetate  of  alniniiii 
alone,  a  reddish  brown,  and,  with  nitrate  of  copper,  a  reddish  olire  gray ;  nitrate  of  iroa, 
a  dark  brown  gray.  For  dyeing  a  golden  coffee  brown,  it  has  entirely  superseded  mad- 
der; one  pound  of  it  being  equivalent  to  six  pounds  of  this  root. 

A  solution  of  one  part  of  catechu  in  ten  parts  of  water,  which  is  reddish  hmn, 
eihibits  the  following  results:  with — 

Acids    -      •      .      -   A  brightened  shade. 

Alkalis  .      •      .      .   A  darkened  shade. 

Proto-sulphate  of  iron     -   Olive  brown  precipitate. 

Per-sulphate  of  iron       -  Olive  green  do. 

Sulphate  of  copper  -      -   Yellowish  brown. 

Alum    -  •      -   A  brightening  of  the  liquor. 

Per-nitrate  of  iron  •      -   Olive  green  precipitate. 

Nitrate  of  copper    -      -   Yellowish  brown  do. 

Nitrate  of  lead      -      -   Salmon  do. 

Proto-nitrate  of  mercury  -   Milk-coffee  do. 

Muriate  of  alumina       •  Brown-yellow. 

Muriate  of  tin       -      -   Do.  do. 

Per-chloride  of  tin  •      -   Bo.  darker. 

Corrosive  sublimate       •   Li^ht  chocolate  do. 

Acetate  of  alumina  -      -   Brightening  of  the  liquor. 

Acetate  of  copper  -      -   Copious  bro^Ti  precipitate 

Acetate  of  lead      •      -   Salmon  colored  do. 

Bichromate  of  potash      -   Copious  brown  do. 
Pore  tannin  may  be  obtained  from  catechu,  by  treating  it  with  sulphuric  acid  and  car- 
bonate of  lead ;  but  this  process  has  no  manufacturing  application. 

CATGUT  {Corde  d  boyau^  Fr. ;  Darmsaite,  Germ.),  the  name  absurdly  enongh  girea 
to  cords  made  of  the  twisted  intestines  of  the  sheep.   The  guts  being  taken  whfle  w 
oat  of  the  body  of  the  animal,  are  to  be  cleared  of  feculent  matter,  freed  from  anj 
hering  fat,  and  washed  in  a  tub  of  water.   The  small  ends  of  all  the  intestines  Si 
next  to  be  tied  together,  and  laid  on  the  edge  of  the  tub,  whUe  the  body  of  them  is  k 
to  steep  in  some  water,  frequently  chanccKl,  during  two  days,  in  order  to  loosen  thi 
peritoneal  and  mucous  membranes.    The  bundle  of  intestines  is  then  laid  upon 
sloping  table  which  overhangs  the  tub,  and  their  surface  is  scraped  with  the  back  of 
knife,  to  try  if  the  external  membrane  will  come  away  freely  in  breadths  of  about ! 
the  circumference.    This  substance  is  called  by  the  French  manufacturers  JUandrty 
the  process  Jiler,    If  we  attempt  to  remove  it  by  beginning  at  the  large  end  of  thi 
intestine,  we  shall  not  succeed.   This  jilandrt  is  employed  as  thread  to  sew  intestine 
and  to  make  the  cords  of  rackets  and  battledoors.   The  flayed  guts  are  put  again  ini 
fresh  water,  and,  after  stecpins  a  ni?ht,  are  taken  out  and  scraped  clean  next  day,  on  th 
wooden  bench  with  the  rounded  back  of  a  knife.   This  is  caJled  curing  the  gut*  Tfti 
large  ends  are  now  cut  off,  and  sold  to  the  pork-butchers.    The  intestines  are  agaii 
steeped  for  a  night  in  fresh  water,  and  the  following  day  in  an  alkaline  lixivium  mad* 
by  adding  4  ounces  of  potash,  and  as  much  pearl-ash,  to  a  pail  of  water  containing  about 
3  or  4  imperial  gallons.   This  ley  is  poured  in  successive  ^antities  upon  the  intestines, 
and  poured  off  again,  after  2  or  3  hours,  till  they  be  purified.   They  are  now  drawi 
several  tirr^es  through  an  open  brass  thimble,  and  pressed  against  it  with  the  nail,  in  or- 
der  to  smooth  and  equalize  their  suHhce.   They  are  lastly  sorted,  according  to  theii 
sizes,  to  suit  different  purposes. 

Whip-cord  is  made  from  the  above  intestines,  which  are  sewed  together  endwise  by  th« 
ftlandrey  each  junction  being  cut  aslant,  so  as  to  make  it  strong  and  smooth.    The  con 
is  put  into  the  frame,  and  each  end  is  twisted  separately  ;  for  whip-cord  is  seldom  mad< 
out  of  two  gilts  twisted  together.   When  twisted,  it  is  to  be  sulphured  (see  Sulphuking; 
once  or  twice.   It  may  also  be  dyed  black  with  common  ink,  pink  with  red  ink,  whi< 
the  sulphurous  acid  changes  to  pink,  and  green  with  a  green  dye  which  the  color  deali 
sell  for  the  purpose.   The  guts  take  the  dyes  readily.   After  being  well  smoothed, 
eord  is  to  be  dried,  and  coiled  up  for  sole. 

Hatters'  cords  for  bowstrings. — The  longest  and  largest  intestines  of  sheep,  aAer  bein^^^  ^ 
properly  treated  with  the  potash,  are  to  be  twisted  4,  6,  8,  10,  or  12  together,  acoordiii^^E.^ 
to  the  intended  size  of  the  cord,  which  is  usually  made  from  16  to  25  feet  long.  Tlii^ 
coid  must  be  free  from  seams  and  knots.   When  half  dry,  it  must  be  exposed  twice 
the  fumes  of  burning  sulphur;  and,  after  each  operation,  it  is  to  be  well  stretched 
■noothed :  it  should  be  finally  dried  in  a  state  of  tension. 
Chdemaker's  cord.— This  cord  should  be  extremely  thin,  and  bt  therefore  made  fr 
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17  imaU  intestines,  or  from  intestines  slit  up  in  their  length  by  a  knife  fitted  for  the 
irpose ;  being  a  kind  of  lancet  surmounted  with  a  ball  of  lead  or  wood.  The  wet  got 
strained  over  the  ball  which  guides  the  knife,  and  the  two  sections  fall  down  into  a 
ssel  placed  beneath.  Each  hand  pulls  a  section.  Clockmakers  also  make  use  of 
xwger  cords  made  of  2  or  more  guts  twisted  together. 

Fiddle  and  harp  gtringa.  —  These  require  the  greatest  care  and  dexterity  on  the  part 
the  workmen.  The  treble  strings  are  peculiarly  difficult  to  make,  and  are  best  made 
Naples,  probably  because  their  sheep,  from  their  small  size  and  leanness,  afford  the 

St  raw  material. 

The  first  scraping  of  the  guts  intended  for  fiddle-strings  must  be  very  carefuUy  performed ; 
id  the  alkaline  leys,  being  clarified  with  a  little  alum,  are  added,  in  a  progressively  stronger 
ate  from  day  to  day,  during  4  or  5  days,  till  the  guts  be  well  bleached  and  swollen, 
hey  must  then  be  passed  through  the  thimble,  and  again  cleansed  with  the  lixivium; 
ter  which  they  are  washed,  s^pun,  or  twisted  and  sulphured  during  two  hours.  They  are 
tally  polished  by  friction,  and  dried.  Sometimes  they  are  sulphured  twice  or  thrice 
;fore  beini;  dried,  and  are  polished  between  norse-hair  cords. 

It  has  been  long  a  subject  of  complaint,  as  well  as  a  serious  inconvenience  to  mn- 
eians,  that  catgut  strings  cannot  be  made  in  England  of  the  same  goodness  and  strength 
(  those  imported  from  Italy.  These  are  made  of  the  peritoneal  covering  of  the  in- 
stines  of  the  sheep;  and,  in  this  country,  they  are  manufactured  at  WhitecbapeJ,  and 
t>bably  elsewhere  in  considerable  quantity ;  the  consumption  of  them  for  harps,  as 
ell  ns  for  the  instruments  of  the  violin  family,  being  very  great.  Their  chief  fault  is 
eakness ;  whence  it  is  difficult  to  bring  the  smaller  ones,  required  for  the  higher  notes, 
I  concert  pitch ;  maintaining  at  the  same  time,  in  their  form  and  construction,  that 
nuiiy  or  smallness  of  diameter,  which  is  required  to  produce  a  brilliant  and  clear  tone. 
The  inconvenience  arising  from  their  breaking  when  in  use,  and  the  expense  in  the 
ise  of  harps,  where  so  many  are  required,  are  such  as  to  render  it  highly  desirable  to 
iprove  a  manufacture  which,  to  many  individuals  may,  however,  appear  sufficiently  con- 
mptible. 

It  is  well  known  to  physiologists,  that  the  membranes  of  lean  animals  are  far  more 
lOgh  than  of  those  animals  which  are  fat  or  in  high  condition ;  and  there  is  no  reason  to 
Mibt  that  the  superiority  of  the  Italian  strings  arises  fn>m  the  state  of  the  sheep  in  that 
wntry.  In  London,  where  no  lean  animals  are  slaughtered,  and  where,  indeed,  an 
ctravagant  and  useless  degree  of  fattening,  at  least  for  the  purpose  of  food,  is  given  to 
lecp  in  particular,  it  is  easy  to  comprehend  why  their  membranes  can  never  afford  a 
aterial  of  the  requisite  tenacity.  It  is  less  easy  to  suggest  an  adequate  remedy;  but  a 
QowlcdRe  of  the  general  principle,  should  this  notice  meet  the  eyes  of  those  interested  in 
le  subject,  may  at  least  serve  the  purpose  of  diminishing  the  evil  and  improving  the  ma- 
afacture,  by  inducing  them  to  choose  in  the  market  the  offal  of  such  carcasses  as  appear 
!ast  overburdened  with  fat.  It  is  probable  that  such  a  manufacture  might  be  advan- 
igeonsly  established  in  those  parts  of  the  country  where  the  fashion  has  not,  as  in 
ondon,  led  to  the  use  of  meat  so  much  overfed;  and  it  is  equally  likely,  that  in  the 
k>ice  of  sheep  for  this  purpose,  advantage  would  arise  from  using  the  Welch,  the  High- 
ind,  or  the  Southdown  breeds,  in  preference  to  those  which,  like  the  Lincoln,  are  prone 
>  excessive  accumulations  of  fat.  It  is  equally  probable,  that  sheep  dying  of  some 
r  fhe  diseases  accompanied  by  emaciation,  would  be  peculiarly  adapted  to  this 

Tkat  these  suggestions  are  not  merely  speculative  is  proved  by  comparing  the  strength 
rthe  membranes  in  question,  or  that  oC  the  other  membranous  parts,  in  the  unfattened 
!^hland  sheep,  with  that  of  those  found  in  the  London  markets. 
CATHARTINE.   The  name  proposed  by  MM.  Feneulle  and  Lassaigne  for  a  chemi- 
d  principle,  which  they  suppose  to  be  the  active  constituent  of  senna. 
CAUSTIC.   Any  chemical  substance  corrosive  of  the  skin  and  flesh ;  as  potash,  called 
minon  caustic,  and  nitrate  of  silver,  called  lunar  caustic,  by  surgeons. 
CAVIAR.    The  salted  roe  of  certain  species  of  fish,  especially  the  sturgeon.  This 
Ddact  forms  a  considerable  article  of  trade,  being  exported  annually  from  the  town  of 
(trachan  alone,  upon  the  shores  of  the  Caspian  sea,  to  the  amount  of  several  hundred 
IS.    The  Italians  first  introduced  it  into  Eastern  Europe  from  Constantinople,  under 
■  name  of  cariale.    Russia  has  now  monopolized  this  branch  of  coomierce.    It  is  pre- 
red  in  the  following  manner :  — 

The  female  sturgeon  is  gutted ;  the  roe  is  separated  from  the  other  parts,  and  cleaned 
Mssinff  it  through  a  very  fine  searce,  by  rubbing  it  into  a  pulp  between  the  hands; 

is  Is  afterwards  thrown  into  tubs,  with  the  addition  of  a  considerable  quantity  of  salt ; 

e  whole  is  then  well  stirred,  and  set  aside  in  a  warm  apartment.     There  is  another 

It  of  caviar,  the  compressed,  in  which  the  roe,  afler  having  been  cured  in  strong  brine, 
dried  in  the  sun,  then  put  into  a  cask,  and  subjected  to  strong  pressure. 
CAWK.   The  English  miner't  name  for  sulphate  of  barj  ta,  or  heavy  spar. 
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CEDRA  {Cedraty  Fr.)  is  the  fruit  of  a  species  of  orange,  citron,  or  lemon,  a  tree  wUcb 
bears  the  same  name.  Its  peel  is  very  thick,  and  covered  with  an  epidermis  which  ei- 
eloses  a  ver}*  fragrant  and  highly  prized  essential  oil.  The  preserves  flavored  with  it 
are  very  agreeable.  The  citrons  are  cut  into  quarters  for  the  dry  comfits,  bat  are  put  whole 
into  the  liquid  ones.  The  liquorist-perfumer  makes  with  the  peel  of  the  cedra  an  a- 
eellent  liqueur ;  for  which  purpose,  he  plucks  them  before  they  are  quite  ripe ;  giatcs 
down  the  peel  into  a  little  brandy,  or  cuts  them  into  slices,  and  infaset  these  in  tbe 
spirits.  This  infusion  is  distilled  for  making  perfume;  but  the  flavor  is  better  wha 
the  infusion  itself  is  used.   See  Essences,  Liquorist,  Perfumebt. 

CELESTINE.  Native  sulphate  of  strontia,  found  abundantly  near  Bristol,  in  the 
red  marl  formation.  It  is  decomposed,  by  ignition  with  chareoal,  into  salphuret  ef 
strontia,  which  is  converted  into  nitrate  by  saturation  with  nitric  acid,  evaporation,  aid 
crystallization.  This  nitrate  is  employed  for  the  production  of  the  red  light  in  theatriol 
fire-works. 

CEMENTATION.  A  chemical  process,  which  consists  in  imbedding  a  solid 
body  in  a  pulverulent  matter,  and  exposing  both  to  ignition  in  an  eanhen  or  metsllie 
case.  In  this  way,  iron  is  cemented  with  charcoal  to  form  steel,  and  bottle  glass  with 
gypsum  powder,  or  sand,  to  form  Reaumur's  porcelain. 

CEMENTS.  {Cimentty  Fr. ;  Cdmtnity  Kitity  Germ.)  Substances  capable  of  takii^  tk 
liquid  form,  and  of  being  in  that  state  applied  between  the  surfaces  of  two  bodies,  so  aslo 
unite  them  by  solidifying.  They  may  be  divided  into  two  classes,  those  which  are  applied 
through  the  agency  of  a  liquid  menstruum,  such  as  water,  alcohol,  or  oil,  and  thoae  which 
are  applied  by  fusion  with  beat. 

The  dtamonJ  cement  for  uniting  broken  pieces  of  china,  glass,  &c.,  which  is  sold  asi 
secret  at  an  absurdly  dear  price,  is  composed  of  isinglass  soaked  in  water  till  it  beconei 
soA,  and  then  dissolved  in  proof  spirit,  to  which  a  little  gum  resin,  ammoniac,  or  galbs- 
num,  and  resin  mastic  are  added,  each  previously  dissolved  in  a  minimum  of'  alecJud. 
When  to  be  applied,  it  must  be  gently  heated  to  liquefy  it;  and  it  ahonhl  be  kept  for 
use  in  a  well-corked  vial.  A  glass  stopper  would  be  apt  to  fix  so  as  not  to  be  remov^ 
able.  This  is  the  cement  employed  by  the  Armenian  jewellers  in  Turkey  for  glv^ 
ing  the  ornamental  stones  to  trinkets  of  various  kinds.  When  well  made  it  resiili 
moisture. 

Shellac  dissolved  in  alcohol,  or  in  a  solution  of  borax,  forms  a  pretty  good  cemesL 
White  of  essg  alone,  or  mixed  with  finely  sifted  quicklime,  will  answer  for  unitiif 
objects  which  are  not  exposed  to  moisture.  Tbe  latter  combination  b  very  strong,  and 
is  much  employed  for  joining  pieces  of  spar  and  marble  ornaments.  A  similar  cod- 
position  is  used  by  copper-smiths  to  secure  the  edges  and  rivets  of  boilers;  only  bullock'! 
blood  is  the  albuminous  matter  used  instead  of  white  of  egg.  Another  cement  in  which 
an  analogous  substance,  the  curd  or  cascum  of  milk  is  employed,  is  made  by  boiling 
slices  of  skim-milk  cheeses  into  a  gluey  consistence  in  a  great  quantity  of  water,  and 
then  incorporating  it  with  quicklime  on  a  slab  with  a  muller,  or  in  a  marble  mortar. 
When  this  compotmd  is  applied  warm  to  broken  edges  of  stoneware,  it  unites  them  very 
firmly  aAer  it  is  cold. 

A  cement  which  gradually  indurates  to  a  stony  consistence  may  be  made  by  mixin; 
20  parts  of  clean  river  sand,  two  of  litharge,  and  one  of  quicklime,  into  a  thin  putty 
with  linseed  oil.  The  quicklime  may  be  replaced  with  litharge.  When  this  cement  is 
applied  to  mend  broken  pieces  of  stone,  as  steps  of  stairs,  it  acquires  af\er  some  timet 
stony  hardness.  A  similar  composition  has  been  applied  to  coat  over  brick  walls,  ander 
the  name  of  mastic. 

The  iron-rust  cement  is  made  of  from  50  to  100  parts  of  iron  borings,  pounded  sod 
sifled,  mixed  with  one  port  of  sal-ammoniac,  and  when  it  is  to  be  applied  moistened  with 
as  much  water  as  will  give  it  a  pasty  consistency.  Formerly  flowers  of  sulphur  wereusedt 
and  much  more  sal-ammoniac  in  making  this  cement,  but  with  decided  disadvantage,  9B 
the  union  is  effected  by  the  oxydizement,  consequent  expansion  and  solidification  of  tb^ 
iron  powder,  and  any  heterogeneous  matter  obstructs  the  eflect.    The  best  proportion 
sal-ammoniac  is,  I  believe,  one  percent,  of  the  iron  borines.  Another  composition  ofxt^ 
same  kind  is  made  by  mixing  4  parts  of  fine  borings  or  filings  of  iron,  2  parts  of  poite*"^^ 
clay,  and  1  part  of  pounded  potsherds,  and  making  them  into  a  paste  with  salt  a^^ 
water.    When  this  cement  is  allowed  to  concrete  slowly  on  iron  joints,  it  becomes  v(^^ 
nard. 

For  making  architectural  ornaments  in  relief,  a  moulding  composition  is  formed 
chalk,  glue,  and  paper  paste.  Even  statues  have  been  made  with  it,  the  paper  aiding 
cohesion  of  the  mass. 

Mastics  of  a  resinous  or  bituminous  nature  which  must  be  softened  or  fused  by  hcii^ 
arc  the  following :  — 

Mr.  S.  Varley's  consists  of  sixteen  parts  of  whiting  sifted  and  thoroughly  dried  b]^0 
red  heat,  adding  when  cold  a  melted  mixture  of  16  parts  of  black  rosin  and  1  of  bee8*-w^^ 
and  stirring  waU  during  the  cooling. 
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.  Singer's  deetrical  and  chemical  apparatus  cement  consists  of  5  lbs.  of  rosin,  1  of 
wax,  1  of  red  ochre,  and  two  table-spoonsful  of  Paris  plaster,  all  melted  together, 
nper  one  for  cementing  Toltaic  plates  into  wooden  troughs  is  made  with  6  pounds 
lin,  1  pound  of  red  ochre,  (  of  a  pound  of  plaster  of  Paris,  and  }  of  a  pound  of  lin- 
mL  The  ochre  and  the  plaster  of  Paris  should  be  calcined  beforehand,  and  added 
i  other  ingredients  in  their  melted  state.  The  thinner  the  stratum  of  cement  that 
erposed,  the  stronger,  generally  speaking,  is  the  junction. 

Qed  linseed  oil  and  red  lead  mixed  together  into  a  putty  are  often  used  by  copper- 
n  and  engineers,  to  secure  joints.  The  washers  of  leather  or  cloth  are  smeared 
this  mixture  in  a  pasty  state. 

le  resin  mastic  alone  is  sometimes  used  by  jewellers  to  cement  by  heat  cameos  of 
i  enamel  or  colored  glass  to  a  real  stone,  as  a  ground  to  produce  the  appearance  of 
lyz.  Mastic  is  likewise  used  to  cement  false  backs  or  doublets  to  stones,  to  alter 
hue.  . 

sited  brimstone,  either  alone,  or  mixed  with  rosin  and  brick  dust,  forms  a  tolerably 
and  very  cheap  cement 

imbeHs  cement  consists  of  black  rosin  one  part,  brick  dust  two  parts,  well  incorpo- 
,  by  a  melting  heat. 

ke  eement  of  dihl  for  coating  the  fronts  of  buildings  consists  of  linseed  oil,  rendered 
J  boiling  with  litharge,  and  mixed  with  porcelain  clay  in  fine  powder,  to  give  it  the 
sCenee  of  stiff  mortar.  Pipe-day  would  answer  equally  well  if  weU  dried,  and  any 
might  be  given  with  ground  bricks,  or  pottery.  A  little  oil  of  turpentine  to  thin 
sement  aids  its  cohesion  upon  stone,  brick,  or  wood.  It  has  been  applied  to  sheets 
ire  doth,  and  in  this  state  laid  upon  terraces,  in  order  to  make  them  water  tight;  but 
little  less  expensive  than  lead. 

le  bituminous  or  black  cement  for  bottle-corks  consists  of  pitch  hardened  by  the  ad- 
a  of  rosin  and  brick-dust. 

certain  localities  where  a  limestone  impregnated  with  bitumen  occurs,  it  is  dried, 
id,  sifted,  and  then  mixed  with  about  its  own  weight  of  mdted  pitdi,  either  mineral, 
table,  or  that  of  coal  tar.  When  this  mixture  is  getting  semifluid,  it  may  be  moulded 
kurge  dabs  or  tiles  in  wooden  frames  lined  with  sheet  iron,  previously  smeared  over 
craunon  lime  mortar,  in  order  to  prevent  adhesion  to  the  moulds,  which,  being  in 
*able  pieces,  are  easily  dismounted  so  as  to  turn  out  the  cake  of  artificial  bituminous 
i.  This  cement  is  manufactured  upon  a  great  scale  in  many  places,  and  used  ibr 
ing  Italian  terraces,  covering  the  floors  of  balconies,  flat  roofs,  water  reservoirs,  water 
nits,  &c.  When  laid  down,  the  joints  must  be  well  run  together  with  hot  irons.  The 
of  the  terrace  should  be  previously  covered  with  a  layer  of  Paris  plaster  or  coomion 
ar,  nearly  an  inch  thick,  with  a  regular  dope  of  one  inch  to  the  yard.  Such  bitumin- 
xment  weighs  144  pounds  the  cubic  foot ;  or  a  foot  of  square  surface,  one  inch  thick, 
hs  12  pounds.  Sometimes  a  second  layer  of  these  dabs  or  tiles  is  applied  over  the 
with  the  precaution  of  making  the  seams  or  joints  of  the  upper  correspond  with  the 
le  of  the  under  ones.  Occasionally  a  bottom  bed,  of  coarse  doth  or  gray  paper,  is 
led.  The  larger  the  slabs  are  made,  as  far  as  they  can  be  conveniently  transported 
aid  down,  so  much  the  better.  For  hydraulie  cements,  see  Mortar. 
SIRASIN.  The  name  given  by  Dr.  John  to  those  gums  which  swell,  but  do  not 
Ire  in  water;  such  as  gum  tragacanth.  It  is  synonymous  with  Bassorinx, 
h  see. 

E^RATE,  from  cera,  wax.  An  unguent,  of  rather  a  stiff  consistence,  made  of  oil,  or 
and  wax,  thickened  occasionally  with  pulverulent  matters. 

SRINE.  A  substance  which  forms  from  70  to  80  per  cent,  of  bees'-wax.  It  may 
Mained  by  digesting  wax,  for  some  time,  in  spirit  of  wine,  at  a  boiling  temperature. 
mtfridne  separates,  while  the  ctrine  remains  dissolved,  and  may  be  obtained  from 
leSeanted  liquor  by  evaporation.  Cerine  is  white,  analogous  to  wax,  fusible  at 
F.,  hardly  acted  upon  by  hot  nitric  acid,  but  is  readily  carbonized  by  hot  sul- 
ie  acid.  When  treated  with  caustic  alkaline  ley,  it  is  converted  into  margaric  acid 
:trahu, 

SRIUM.  A  peculiar  metal  discovered  in  the  rare  mineral,  called  ceritty  found 
in  the  copper  mine  of  Bastnaes,  near  Riddarhytta,  in  Sweden.  Cerium,  extracted 
its  chloride  by  potassium,  appears  as  a  dark  red  or  chocolate  powder,  which  as- 
!S  a  metallic  lustre  by  friction.  It  does  not  conduct  electricity  well,  like  other 
Js;  it  is  infusible;  its  specific  gravity  is  unknown..  It  has  been  applied  to  no  use 
«  arts. 

aRUSE.  A  name  of  white  lead.   See  Lead. 
ETINE.   The  name  given  by  Chevreul  to  spermaceti. 

BLAINWORR  is  a  peculiar  style  of  textile  fabric,  to  which  hosiery  and  tambouring 
wr.   See  Hosiery. 

HALK.   {CravB,  Fr. ;  Kreide,  Germ.)   A  friable  carbonate  of  lime,  white,  opaque^ 
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toft,  dull,  or  without  any  appearance  of  polish  in  its  fracture.  Its  specific  graTity  viiiei 
from  2*4  to  2-6.  It  usually  contains  a  little  silica,  alumina,  and  oxyde  of  iron.  It 
may  be  purified  hy  trituration  and  elutriation.  The  silicions  and  ferrucinoai 
matters  subside  first,  and  the  finer  chalky  particles  floating  in  the  sopernaUnt  liquid, 
may  be  decanted  with  it,  and  obtained  by  subsidence.  When  thus  purified,  it  is  called 
iphiteuing  and  Spanish  white,  in  England;  tchUmmkreinUy  in  Germany;  blane  it 
Troyesy  and  bianc  de  Meudorif  in  France.  Pure  chalk  shouhl  dissolve  readily  in  dilule 
muriatic  acid,  and  the  solution  should  afibrd  no  precipitate  with  water  of  am- 


CHALK'Black.   A  mineral,  called  also  drawmg-Mlait. 
CHALK-FrfncA.   Steatite,  or  soap-stone ;  a  soft  magnesian  mineraL 
CHALK'Red,   A  clay  colored  with  the  peroxyde  of  iron,  of  which  it 
17  per  cent. 

CHARCOAL.   The  fixed  residuum  of  TcgeUbles  exposed  to  ignition  out  of  eootaet 
air.   In  the  article  Carbon,  I  have  described  the  general  properties  of  chareoal  and  tk 
flimplest  mode  of  making  it.   I  shall  here  detail  the  best  systems  of  manufactuing  tkh 
product  upon  the  continent  of  Europe. 

To  carbonize  wood  under  a  moveable  covering,  the  plan  of  nie{2er,or  heaps,  is  employed 
▼ery  much  in  Germany.   The  wood  is  arranged  either  in  horizontal  layers,  or  in  neadf 
▼ertical  ones,  with  a  slight  slope,  so  as  to  form  conical  rounded  heaps  of  diflercnt  nam, 
The  former  are  called  lying  meikr,fig,  272 ;  the  latter  standing  meikr,flgM,  273.  udS7i 
272  273  274 


Both  are  distributed  in  much  the  same  way. 

In  districts  where  the  wood  can  be  transported  into  one  place  by  means  of  riven,  or 
mountain -si ides,  a  dry  flat  space  must  be  pitched  upon,  screened  from  storms  and  floods, 
which  may  be  walled  round,  having  a  slight  declivity  made  in  the  ground,  toward  Ute 
centre.  iSee  Jig.  275.  Into  this  space  the  tarry  acid  will  partially  fall,  and  may  Ik 
conducted  outward,  through  a  covered  gutter  beneath,  into  a  covered  tank.  The 
mouth  of  the  tank  must  be  shut,  during  the  coaking,  with  an  iron  or  stone  slab,  luted 
with  clay.   A  square  iron  plate  is  placed  over  the  inner  orifice  of  the  gutter,  to  prerent 
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it  being  choked  with  cual  ashes. 
Fig,  275  represents  a  walled  meiJff 
station ;  a,  the  station  ;  6,  the 
gutter ;  c,  the  tank,  which  is  cor- 
ered  with  the  slab  d  ;  e,  a  slsh 

  which  serves  to  keep  the  gutter 

dear  of  coals.    The  cover  of  the  heaps  is  formed  of  earth,  sand,  ashes,  or  such  other 
matter  as  may  be  most  readily  found  in  the  woods.    They  should  be  kindled  in  the  cenr 
trc.    From  G  days  to  4  weeks  may  be  required  for  charring  a  heap,  according  to  its  si»« » 
hard  wood  requiring  most  time  ;  and  the  slower  the  process,  the  belter  and  greater  is  th* 
product,  generally  speaking. 

276  Charring    of  wood    in  moun^ 

(Haufe  or  liegende  teerke),  Jigs, 
and  277,  differs  from  that  in  tl^ 
meiler,  because  the  wood  in 
haufe  is  successively  charred, 
the  charcoal  is  raked  out  by  lit^ 
and  little.     The  product  is  s*"^ 
to  be  greater  in  this  way,  and  a^— 
better.      Uncleft  billets,  6  or 
feet  long,  being  laid    over  tm 
other,  are  covered  with  ashes,  a —  ' 
then  carbonized.     The  station 
sometimes   horizontal,  and 
times  made  to  slope.    The  lenfl 
may  be  24  feet,  the  breadth 
feet ;  and  the  wood  is  lakl  croi 
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wiie.  Piles  are  set  perpendicularly  to  rapport  the  roof,  made  of  boughs  and  leaves, 
corefed  with  ashes.  Pipes  are  occasionally  laid  within  the  upper  part  of  the  mounds, 
which  serre  to  catch  and  carry  off  some  of  the  liquid  products  into  proper  tanks. 

Fig.  278  is  a  vertical  section, 
andySg.  279,  a  half  bird V  eye  view, 
and  half  cross  section,  at  the  height 
of  the  pit-bottom,  of  Chabeaus- 
siere's  kiln  for  making  wood  char- 
coal, a  is  the  oven;  6,  yertical 
air-pipes;  c  c,  horizontal  flues  for 
admitting  air  to  the  kiln;  d  dy 
small  pits  which  communicate  by 
short  horizontal  pipes  e  e,  with  the 
vertical  ones;  /,  the  sole  of  the 
kiln,  a  circle  of  brickwork,  upon 
which  the  cover  or  hood  h  reposes ; 
i,  a  pipe  which  leads  to  the  cistern 
k ;  /,  the-pipe  destined  for  carrying 
off  the  gaseous  matter ;  m  m,  holet 
in  the  iron  cover  or  lid. 

The  distribution  of  the  wood  is 
like  that  in  the  horizontal  meiUrt, 
or  heaps ;  it  is  kindled  in  the  cen* 
tral  vertical  canal  with  burning 
fuel,  and  the  lid  is  covered  with 
a  few  inches  of  earth.  At  the  be- 
ginning of  the  operation  all  the 
draught  flues  are  leA  open,  but 
they  are  progressively  closed,  as 
occasion  requires.  In  eight  kilns 
of  this  kind,  500  decastert  of  oak 
wood  are  carbonized,  from  which 
16,000  hectolitres  of  charcoal  are 
obtained,  equal  to  64,000  pounds 
French,  being  about  2d  per  cent ; 
besides  tar  and  3000  velts  of 
wood  vinegar,  of  from  2*  to  3* 
Baumi. 

At  Cfoay  npon  the  Ourcq,  near  Meaux,  there  is  a  well-constructed  kiln  for  making 
Mif^hareoal.  It  resembles  most  nearly  a  tar-kiln.  In  fig,  280,  a  is  the  cylindricu 
coaking  place,  whose  surrounding  walls  are  heated  by 
the  flame  which  passes  through  the  intermediate  spaee 
b.  The  place  itself  is  divided  by  partitions  of  fire  tiles 
into  three  stages,  through  the  apertures  in  which  th« 
flames  of  the  fire  e  c,  rise,  and  heat  the  exterior  of  the 
coaking  apartment.  In  order  to  confine  the  heat,-there 
is  in  the  enclosing  walls  of  the  outer  kiln  a  cylindrical 
hollow  spaee  d,  where  the  air  is  kept  stagnant.  Through 
the  apertures  leA  in  the  upper  end  at  e,  the  turf  is  in- 
troduced ;  they  are  then  shut  with  an  iron  plate  /, 
which  is  covered  with  ashes  or  sand.  The  fire-place 
opens  above  this  aperture,  and  its  outlet  is  provided 
with  a  moveable  iron  cover  g,  in  which  there  is  a  small 
hole  for  the  issue  of  the  gases.  The  sole  of  the  kiln 
consists  of  a  cast  iron  slab  h,  which  may  be  raised  by 
means  of  a  hook  i  upon  it.  This  is  drawn  back  aAer 
the  carbonization  is  completed,  whereby  the  charcoal 
falls  from  the  coaking  space  into  a  subjacent  vault.  The 
volatile  products  are  carried  off  by  the  pipe  ky  and  led 
into  the  condensing  cistern ;  the  gases  escaping  to  the 
fa  pine  where  they  are  burned.  The  iron  slab  is  protected  from  the  corrosion  of  the 
•cU  lapofB  by  a  layer  of  coal  ashes. 

CBICA  is  a  red  coloring  principle  made  use  of  in  America  by  some  Indian  tribes 
(•Mtti  their  ikins.  It  is  extracted  (rom  the  bignonia  chica  by  boiling  its  leaves  la 
vHOLdecsBtiog  the  decoction,  and  allowing  it  to  settle  and  cool,  when  a  red  matter 
ftMiimm,  which  is  (bnned  into  cakes  and  dried.  This  substance  is  not  fosible,  aai 
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when  Imrned,  diffuses  the  same  odor  as  animal  bodies  do.  t  k  faisolalile  in  eold  wits. 
Tery  soluble  in  alcohol  and  ether,  but  after  the  evaporation  ofthese  liqnidSyit  isreoofenl 
unchansed.  Fats  and  unctuous  oils  both  dissolve  it.  It  is  soluble  in  carbonated  and  eB» 
tic  alkaline  leys,  from  which  it  is  precipitated  by  the  acids  without  alteration.  AnoeeM 
of  alkali,  however,  speedily  decomposes  it.  Nitric  acid  transforms  it  into  oxalic  acid,asd 
a  bitter  matter.    Chlorine  makes  it  white. 

The  savages  mix  this  pigment  with  the  fat  of  the  cayman  or  alligator,  and  rub  their 
skins  with  the  mixture.  It  may  probably  be  turned  to  account  in  the  arts  of  civilized 
nations. 

CHIMNEY.  {ChemiiUcy  Ft.  ;  Schomtteiny  Germ.)  Chimnej  is  a  modem  invention 
for  promoting  the  draught  of  fires  and  carrying  off  the  smoke,  introduced  into  Enghsd 
so  late  as  the  age  of  Elizabeth,  though  it  seems  to  have  been  employed  in  Italy  100 
years  before.  The  Romans,  with  all  their  luxurious  refinements,  mast  have  had  their 
Epicurean  cookery  placed  in  perpetual  jeopardy  from  their  kitchen  fires,  which,  having  ss 
vent  by  a  vertical  tunnel  in  the  walls,  discharged  their  smoke  and  frequently  their  flamei 
at  the  windows,  to  the  no  small  alarm  of  their  neighbors,  and  annoyance  of  even  tke 
street  passengers. 

Chimneys  in  dwelling  houses  serve  also  the  valuable  purpose  of  promotidg  talahriiMi 
circulation  of  air  in  the  apartments,  when  not  foolishly  sealed  irith  anti-rentilating  store 
diests. 

The  first  person  who  sought  to  investigate  the  general  principles  of  chimney  draagfcti) 
in  subserviency  to  manufacturing  establishments,  was  the  celebrated  Montgolfier.  As  tke 
ascent  of  heated  air  in  a  conduit  depends  upon  the  diminution  of  its  spe^^le  gravity,  ci| 
in  other  word9,  upon  the  increase  of  its  volume  by  the  heat,  the  ascensional  font  nsy 
be  deduced  from  the  difference  between  the  density  of  the  elastic  fluid  in  the  interior  of 
the  chimney,  and  of  the  external  air;  that  is,  between  the  different  heights  of  the  inteml 
and  external  columns  of  elastic  fluid  supposed  to  be  reduced  to  the  same  density.  In  tke 
latter  case,  the  velocity  of  the  gaseous  products  of  combustion  in  the  interior  of  the  chim- 
ney is  equal  to  that  of  a  heavy  body  let  fall  from  a  height  equal  to  the  difference  in  height 
of  the  two  aerial  columns. 

To  illustrate  this  position  by  an  example,  let  us  consider  the  simple  case  of  a  ehimsey 
of  ventilation  for  carrying  off  foul  air  from  a  factory  of  any  kind ;  and  suppose  thit 
the  tunnel  of  iron  be  incased  throughout  with  steam  at  212  degrees  Fahr.  Suppose  tKii 
tnnnel  to  be  100  yards  high,  then  the  weight  of  the  column  of  air  in  it  will  be  to  that  of 
a  column  'of  external  air  100  yards  high,  assumed  at  32°  F.,  inversely  as  itsezpansiosby 
180^  ;  that  is,  as  1000  is  to  1-375;  or  as  72  727  is  to  100.  The  column  of  external  air 
at  32°  beinfir  100  yards,  the  internal  column  will  be  represented  by  72*727  ;  and  the  dif- 
ference =27*27,  will  be  the  amount  of  unbalanced  weight  or  pressure,  which  is  the  effec- 
tive cause  of  the  ventilation.  Calculating  the  velocity  of  current  due  to  this  difference  of 
weight  by  the  well-known  formula  for  the  fall  of  heavy  bodies,  that  is  to  say,  moltipljiog 
the  above  difference,  which  is  27*27,  by  the  constant  factor  19.62,  and  extracting  the 
square  root  of  the  product ;  thus  V  19~62  X  27*27  =  23*13  will  be  the  velocity  in  ysrds 
per  second,  which,  multiplied  by  3,  gives  60*30  feet.  The  quantity  of  air  which  passes 
in  a  second  is  obtained  of  course  by  multiplying  the  area  or  cross  section  of  the  tunnel  by 
this  velocity.  If  that  section  is  half  a  yard,  that  is  =  a  quadrangle  2}  feet  by  2,  vre  shall 
have  23*  13  X  0-5  =  n  *565  cubic  yards,  =  3 1 2i  cubic  feet. 

The  problem  becomes  a  little  more  complicated  in  calculating  the  velocity  of  air  which 
has  served  for  combustion,  because  it  has  changed  its  nature,  a  variable  proponion  of  its 
oxygen  gas  of  specific  gravity  1*111,  being  converted  into  carbonic  acid  gas  of  specific 
gravity  1*524.  The  quantity  of  air  passed  through  well  constructed  famaces  may,  is 
general,  be  regarded  as  double  of  what  is  rigorously  necessary  for  combustion,  and  the 
proportion  of  carbonic  acid  generated,  therefore,  not  one  half  of  what  it  would  be  were 
all  the  oxygen  so  combined.  The  increase  of  weight  in  such  burned  air  of  the  temperatoit 
of  212°,  over  that  of  pure  air  equally  heated,  being  taken  into  account  in  the  precediog 
calculation,  will  give  us  about  19  yards  or  57  feet  per  second  for  the  velocity  in  a  chitD- 
ney  100  yards  high  incased  in  steam. 

Such  are  the  deductions  of  theory ;  but  they  differ  considerably  from  practical  resnltSy 
in  consequence  of  the  friction  of  the  air  upon  the  sides  of  the  chimneys,  which  varies  like* 
wise  with  its  form,  length,  and  quality.  The  direction  and  force  of  the  winds  also  exereiie 
a  variable  influence  upon  chimney  furnaces  differently  situated.  In  chimneys  made  of 
vrrought  iron,  like  those  of  steamboats,  the  refrigeration  is  considerable,  and  causes  a 
'  diminution  of  velocity  far  greater  than  what  occurs  in  a  factory  stalk  of  well  built  brick 
work.  In  comparing  the  numbers  resulting  from  the  trials  made  on  chimneys  of  dif- 
ferent materials  and  of  different  forms,  it  has  been  concluded  that  the  obstruction  to  the 
draught  of  the  air,  or  the  deduction  to  be  made  from  the  theoretical  velocity  of  efllus, 
is  directly  proportional  to  the  length  of  the  chimneys  and  to  the  square  of  the  Telocityi 
and  inversely  to  their  diameter.   With  an  ordinary  wrought-iron  pipe,  of  from  4  inches 
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to  9  indies  diameter,  attached  to  aa  ordinary  stove,  burning  good  charcoal,  the  differeQoe 
ii|f)digioas  between  the  velocity  calculated  by  the  above  theoretical  rule,  and  that  ob- 
Krred  1^  means  of  a  stop-watch,  and  the  accent  of  a  poflf  of  smoke  from  a  little  tow, 
4ipped  in  oil  of  tarpentine  thrust  quickly  into  the  fire.  The  chimney  being  45  feet 
hi^h,  the  temperature  of  the  atmosphere  68°  Fahr.,  the  velocity  per  second  was, — 

Mean  temperature 
Trials.  By  theory.  By  experiment.  of  chimney. 

1  26.4  feet  6      feet  190°  Fahr. 

2  29-4  5-76  214 

3  34-6  6-3  270 

To  obtain  eongniity  between  calculation  and  experiment,  several  circumstances  must 
be  introdoeed  into  our  formulee.  In  the  first  place,  the  theoretical  velocity  must  be 
nliiplied  by  a  factor,  which  is  different  according  as  the  chimney  is  made  of  bricks, 
podery,  sheet  iron,  or  cast  iron.  This  factor  must  be  multiplied  by  the  square  root  of 
tkediuneter  of  the  chimney  (supposed  to  be  round),  divided  by  its  length,  increased  by 

fm  times  its  diameter.  Thus,  for  pottery,  its  expression  is  2*06  V£^^ ;  d  being  the  di- 

aneter,  and  l  the  length  of  the  chimney. 

A  pottery  chimney,  33  feet  high,  and  7  inches  in  diameter,  when  the  excess  of  its  mean 
Icmperatnre  above  that  of  the  atmosphere  was  205°  Fahr.,  had  a  pressure  of  hot  air 
qui  to  11'7  feet,  and  a  velocity  of  7*2  feet  per  second.  By  calculating  from  the  last 
Ainnla,  the  same  number  very  nearly  is  obtained.  In  none  of  the  experiments  did  the 
Telocity  exceed  12  feet  per  second,  when  the  difference  of  temperature  was  more  than 
41(f  Fahr. 

Erery  different  form  of  chimney  would  require  a  special  set  of  experiments  to  be 
Bade  for  determining  the  proper  factor  to  be  used. 

This  troublesome  operation  may  be  saved  by  the  judicious  application  of  a  delicate 
diffemtial  barometer,  such  as  that  invented  by  Dr.  Wollaston ;  though  this  instrument 
does  not  seem  to  have  been  applied  by  its  very  ingenious  author  in  measuring  the 
Aiaghts  or  ventilaiinj;  powers  of  furnaces. 

If  iato  one  leg  of  this  difft^rential  syphon  water  be  put,  and  fine  spermaceti  oil  into 
the  other,  we  shall  have  two  liquids,  which  are  to  each  other  in  density  as  the  numbers 
8  iAiJ  7.  If  proof  spirit  be  employed  instead  of  water,  we  shall  then  have  the  relation 
of  Tcry  nearly  20  to  19.  I  have  made  experiments  on  furnace  draughts  with  the  instrument 
is  each  of  these  slates,  and  find  the  water  and  oil  syphon  to  be  sufiliciently  scMible ;  for 
the  weaker  draughu  of  common  fire-places  the  spirits  and  oil  will  be  preferaUe 
btranciric  fluids. 

To  the  lateral  projecting  tube  of  the  instrument,  as  described  by  Dr.  Wollaston,  I 
finnd  it  necessary  to  attach  a  stop-cock,  in  order  to  cut  off  the  action  of  the  chimney, 
while  placing  the  syphon,  to  allow  of  its  being  fixed  in  a  proper  state  of  adjustment 
vith  its  junction  line  of  the  oil  and  water  at  the  zero  of  the  ^ale.  Since  a  slight  de- 
TiMioB  of  the  legs  of  the  syphon  from  the  perpendicular  changes  very  considerably  the 
line  of  the  level,  this  adjustment  should  be  made  secure  by  fixing  the  horizontal  pipe 
tifbtly  into  a  round  hole,  bored  into  the  chimney  stalk,  or  drilled  through  the  fnmaee 
door.  On  gently  turning  the  stop-cock,  the  difference  of  atmospherical  pressure  cor- 
Rsponding  to  the  chimney  draught,  will  be  immediately  indicated  by  the  ascent  of  the 
jvaetioB  line  of  the  liquids  in  the  syphon.  This  modification  of  apparatus  permits  the 
experiment  to  be  readily  rectified  by  again  shutting  off  the  draught,  when  the  air  will 
ibwly  re-enter  the  syphon;  because  the  projecting  tube  of  the  barometer  is  thrust  into 
the  slop-cock,  but  not  hermetically  joined ;  whereby  its  junction  line  is  allowed  to  return 
to  the  zero  of  the  scale  in  the  course  of  a  few  seconds. 

Oat  of  many  experiments  made  with  this  instrument,  I  shall  content  myself  with 
deieribing  a  few,  very  carefully  performed  at  the  breweries  of  Messrs.  Trueman,  Han- 
hny,  and  Buxton,  and  of  Sir  H.  Meux,  Bart.,  and  at  the  machine  factory  of  Messrs. 
Bniithwaite ;  in  the  latter  of  which  I  was  assisted  by  Captafh  Ericsson.  In  the  first 
trisis  at  the  breweries,  the  end  of  the  stop-cock  attached  to  the  differential  barometer 
was  lapped  ronnd  with  hemp,  and  made  fast  into  the  circular  peep-hole  of  the  furnaee 
doer  of  a  wort  copper,  communicating  with  two  upright  parallel  chimneys,  each  18  inches 
^tare  and  60  feet  high.  The  fire  was  burning  with  fully  its  average  intensity  at  the 
iW.  The  adjustment  of  the  level  being  perfect,  the  stop-cock  orifice  was  opened,  and 
the  Junction  level  of  the  oil  and  water  rose  steadily,  and  stood  at  Ij  inches,  corresponding 
tsLSS  =  0*156  of  1  inch  of  water,  or  a  column  of  air  10-7  feet  high.  This  difference 
«f  Iffcmre  indicates  a  velocity  of  26  feet  per  second.  In  a  second  set  of  experimentiy 
At  ezfremity  of  the  stop-cock  was  inserted  into  a  hole,  bored  through  the  chimney 
ililk  of  the  boiler  of  a  Boulton  and  Watt  steam-engine  of  twenty-horse  power.  The 
ttcn  of  this  chimney  was  exactly  18  inches  square  at  the  level  of  the  bored  hole,  and  its 
mmtk  torn  60  (eet  above  it.    The  fire-grate  was  about  10  feet  below  that  lereL  Ob 


886 


CHIMNE7. 


opening  the  stop-cock,  the  junction  line  rose  2}  inches.  This  experiment  wms  veriM 
by  repetition  upon  different  days,  with  fires  burning  at  their  avertge  intensity,  nnd  cot- 
suming  fully  12  lbs.  of  the  best  coals  hourly  for  each  horse's  power,  or  nearly  one  \m 
and  a  third  in  twelve  hours.  If  we  divide  the  number  2}  by  8,  the  qootient  0*28  wiD 
represent  the  fractional  part  of  1  inch  of  water,  supported  in  the  syphon  by  the  o- 
balanced  pressure  of  the  atmosphere  in  the  said  chimney ;  which  corresponds  to  19}  feet 
of  air,  and  indicates  a  Telocity  in  the  chimney  current  of  35  feet  per  seeond.  The 
consumption  of  fuel  was  much  more  considerable  in  the  immense  grate  under  the  wort 
copper,  than  it  was  under  the  steam-engine  boiler. 

In  my  experiments  at  Messrs.  Braithwaite's  factory,  the  maximum  displacement  of 
the  junction  line  was  1  inch,  when  the  differential  oil  and  water  barometer  was  pUeed 
in  direct  communication  with  a  chimney  15  inches  square,  belonging  to  a  steam  boikr, 
and  when  the  fire  was  made  to  burn  so  fiercely,  that  on  opening  the  safety-ralve  of  tk 
boiler,  the  excess  of  steam  beyond  the  consumption  of  the  ensine  rushed  out  with  sock 
violence  as  to  fill  the  whole  premises.  The  pressure  of  one  eighth  of  an  inch  of  wila 
denotes  a  velocity  of  draught  of  23*4  feet  per  second. 

In  building  chimneys,  we  should  be  careful  to  make  their  area  rather  too  large  thu 
too  small ;  because  we  can  readily  reduce  it  to  any  desired  size,  by  means  of  a  slidiiig 
register  p!ate  near  its  bottom,  or  a  damper  plate  applied  to  its  top,  adjustable  by  wirei 
or  chains,  passing  over  pulleys.  Wide  chimneys  are  not  so  liable  as  narrow  ones  to 
have  their  draught  afi*ected  by  strong  winds.  In  a  factory,  many  furnace  flues  sre 
often  conducted  into  one  vertical  chimney  stalk,  with  great  economy  in  the  lint 
erection,  and  increased  power  of  draught  in  the  several  fires. 

Vast  improvements  have  been  made  in  this  country,  of  late  years,  in  baiMing  stalb 
for  steam  boilers  and  chemical  furnaces.  Instead  of  constructing  an  expansive,  lofty 
scaffolding  of  timber  round  the  chimney,  for  the  bricklayers  to  stand  upon,  and  to 
place  their  materials,  pigeon-holes,  or  recesses,  are  left  at  regular  intervals,  a  few  feet 
apart,  within  the  chimney,  for  receiving  the  ends  of  stout  wooden  bars,  which  sre 
laid  across,  so  as  to  form  a  species  of  temporary  ladder  in  the  interior  of  the  tnaseL 
By  means  of  these  bars,  with  the  aid  of  ropes  and  pulleys,  everything  may  be  jso- 
gressively  hoisted,  for  the  building  of  the  highest  engine  or  other  stalks.  An  expert 
bricklayer,  with  a  handy  laborer,  can  in  this  way  raise,  in  a  few  weeks,  a  oonsideraUe 
chimney,  40  feet  high,  5  feet  8  inches  square  outside,  2  feet  8  inches  inside  at  the  btse, 
28  inches  outside,  and  20  inches  inside  at  the  top.  To  facilitate  the  erection,  and  at 
the  same  time  increase  the  solidity  of  an  insulated  stalk  of  this  kind,  it  is  boilt 
with  three  or  more  successive  plinths,  or  rcccdures,  as  shown  in  fig,  281.  It  is  neee&* 
sary  to  make  such  chimneys  thick  and  substantial  near  the  base,  in  order  that  they 
may  sustain  the  first  violence  of  the  fire,  and  prevent  the  sudden  dissipation  of  the 
heat.  When  many  flues  are  conducted  into  one  chimney  stalk,  the  area  of  the  Utter 
should  be  nearly  equal  to  the  sum  of  the  areas  of  the  former,  or  at  least  of  as  many  of 
them  as  shall  be  going  simultaneously.  When  the  products  of  combustion  from  any 
furnace  must  be  conducted  downwards,  in  order  to  enter  near  the  bottom  of  the  naio 
stalk,  they  will  not  flow  off  until  the  lowest  part  of  the  channel  be  heated  by  baming 
some  wood  shavings  or  straw  in  it,  whereby  the  air  syphon  is  set  agoing.  Immedi' 
ately  after  kindling^  this  transient  fire  at  that  spot,  the  orifice  must  be  shnt  by  which 
it  was  introduced ;  otherwise  the  draught  of  the  furnace  would  be  seriously  impeded. 
But  this  precaution  is  seldom  necessary  in  great  factories,  where  a  certain  degree  of  heat 
is  always  maintained  in  the  flues,  or,  at  least,  should  be  preserved,  by  shutting  the 
damper  plate  of  each  separate  flue,  whenever  its  own  furnace  ceases  to  act.  Such  chiin- 
neys  arc  finished  at  top  with  a  coping  of  stone-slabs,  to  secure  their  brickwork  against 
the  infiltration  of  rains,  and  they  should  be  furnished  with  metallic  conducting  rods,  to 
protect  them  from  explosions  of  lightning. 

When  small  domestic  stoves  are  used,  with  very  slow  combustion,  as  has  been 
recently  proposed,  upon  the  score  of  a  misjudged  economy,  there  is  great  danger  of  th^ 
inmates  being  sufilbcated  or  asphyxied,  by  the  regurgitation  of  the  noxious  burned  si^' 
The  smoke  doctors  who  recommend  such  a  vicious  plan,  from  their  ignorance  ^ 
chemical  science,  are  not  aware  that  the  carbonic  acid  gas,  of  coke  or  coal,  must  be  hcat^ 
250°  F.  above  the  atmospheric  air,  to  acquire  the  same  low  specific  gravity  with  it. 
other  words,  unless  so  rarefied  by  heat,  that  gaseous  poison  will  descend  through  the  ori^^ 
of  the  ash-pit,  and  be  replaced  by  the  lighter  air  of  the  apartment.     Drs.  Priestley  mJ^ 
DiUton  have  long  ago  shown  the  co-existence  of  these  two-fold  crossing  currents  of  b.*^ 
even  through  the  substance  of  stone-ware  tubes.    True  economy  of  heat,  and  salubri^'S 
alike  require  vivid  combustion  of  the  fuel,  with  a  somewhat  brisk  draught  inside  of 
chimney,  and  a  corresponding  abstraction  of  air  firom  the  apartment.  Wholesor^ 
continuous  ventilation,  under  the  ordinary  circumstances  of  dwelling  houses,  cani^^ 
be  secured  in  any  other  way.    Were  these  mephitic  stoves,  which  have  been  of  l^-'] 
so  ridiculously  pufiied  in  the  public  prints,  generally  introduced,  the  faculty  wou^-^ 
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ed  to  be  immediately  quadrupled  to  supply  the  demand  for  medical  advice ;  for  head- 
liea,  sickness,  nenrous  ailments,  and  apoplexy,  would  become  the  constant  inmates  of 
try  inhabited  mansion.  The  phenomena  of  the  grottc  of  Paasilippo  might  then  be 
Qy  realized  at  home,  among  those  who  Tentured  to  recline  upon  sofas  in  such  carbo- 
tei  apartments ;  only  instead  of  a  puppy  being  suffocated  pro  tempore,  human  beings 
old  be  sacrificed,  to  saye  two-penny  worth  of  fuel  per  dttm. 
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The  figures  upon  the  preceding  page  represent  one  of  the  two  ehimnejrs  recently 
ed  at  the  Camden  Town  station,  for  the  steam  hoilers  of  the  two  engines  of  60  boi» 
power  eacli,  btdonging  to  the  London  and  Birmingham  Railway  Company.  These  » 
gines  draw  their  train  of  carriages  up  the  inclined  plane  of  Hampstead  Hill.  The  eh» 
neys  were  designed  by  Robert  Stephenson,  Esq.,  engineer  to  the  Company,  executed  If 
William  Cubitt,  Esq.,  of  Gray*8  Inn  Road, — and  do  equal  honor  to  bcAh  gendena, 
being  probably  the  most  elegant  and  substantial  specimens  of  this  style  of  architectiireii 
the  world.    In  the  section,  j^g.  281, 

A  represents  a  bed  of  concre/e,  6  feet  thick,  and  24  feet  •square. 

B,  brick  footings  set  in  cement ;  the  lower  course  19  feet  square. 

c,  Bramley-fall  stone  base,  with  a  chain  of  wrought  iron  let  into  it. 

D,  a  portion,  15  feet  high,  cur^'ed  to  a  radius  of  113  feet,  built  entirdy  of  Mdi 
paviors,  (a  peculiarly  good  kind  of  bricks.) 

x,  shaft  built  of  Malm  payiors  in  mortar. 

r,  ditto,  built  from  the  inside,  without  exterior  scaffoldinir. 

G,  the  cap  ornamented  (as  thown  in  the  plan  alongside)  with  Portland  stODC^  tk 
dressings  being  tied  t(^ether  with  copper  cramps  and  an  iron  bond. 
Fig.  282  represents  the  mouldings  of  the  top,  upon  an  enlarged  scale. 
Fig,  283,  a  plan  of  the  foundation,  ditto. 

Fig.  284,  ditto,  at  the  level  of  the  entrance  of  the  flue,  as  seen  in 

Fig.  285,  the  elevation  of  the  chimney. 

Fig.  286,  plan  at  the  ground  level  i,  in  figs.  281  and  285. 

Ky  Jig.  281,  the  lightning  conducting  rod. 

CUINTS  is  a  peculiar  style  of  fast-printed  calico,  in  which  figures  of  at  least  fivedi^ 
ferent  colors  are  impressed  upon  a  white  or  lisht  colored  ground. 

CHLORATK  OF  POTASH,  commonly  called  oxjinuriale  of  potash.  This  intereitiiC 
saline  compound  has  become  the  object  of  a  pretty  extensive  manufacture,  in  conseqaence 
of  its  application  to  make  matches  for  procuring  instantaneous  light,  and  a  detonitiBg 
powder  for  fire-arms.   It  may  be  prepared  both  in  the  humid  and  dry  way. 

Having  made  a  strong  solution  of  purified  potash,  or  carbonate  of  potash,  with  fna 
two  to  three  parts  of  water,  we  pass  through  it  in  a  Woulfe*s  apparatus  a  current  of  cUs- 
fine  gas,  till  it  censes  to  absorb  any  more.  Chloride  of  potash  and  chloride  of  potairin 
alone  are  formed  as  long  as  there  is  an  excess  of  alkali  in  the  solution ;  but  aflerwarfi, 
in  the  further  reaction  of  the  materials,  the  chloride  passes  into  the  state  of  a  chkinte, 
and,  as  such,  precipitates  from  the  solution.  During  the  first  half  of  the  operation,  thit 
is,  till  the  potash  be  about  one  half  saturated  with  chlorine,  as  indicated  by  litmus  paper 
ceasing  to  be  darkened  and  beginning  to  be  blanched,  only  the  chloride  of  potassium  or 
muriate  of  potash  falls.  The  process  should  be  interrupted  at  this  point  in  order  to  ^^ 
move  the  salt,  to  wash  it,  to  add  the  washings  to  the  liquor,  and  then  to  transmit  the  gti 
freely  through  the  solution.  As  the  operation  advances,  less  muriate  of  potash  is  fonned, 
and  at  length  nothing  but  the  pure  chlorate  is  separoted  in  crystals.  When  finally  tke 
bubbles  of  gas  pass  through  without  being  sensibly  absorbed,  the  process  is  known  to  Ve 
completed  ;  the  licjuid  may  then  be  allowed  to  settle,  and  be  poured  oflf  from  the  crystik 
of  chlorate  of  potash,  which  are  purified  from  the  muriate  by  dissolving  them  in  three 
times  their  weight  of  boiling  water,  and  filtering  the  solution  while  hot.  On  its  coolingt 
the  chlorate  will  separate  in  pearly-looking  crj'stalline  plates.  It  may  be  rendered  quite 
pure  by  a  second  cry  stallization,  in  which  state  it  docs  not  nflfect  solution  of  nitrate  of  sihtr. 

The  above  potash  ley  usually  gets  a  reddish  tint  in  the  course  of  the  process  in  cooie 
quence  of  a  little  manganesic  acid  coming  over  with  the  chlorine,  but  it  gradually  ksei 
this  color  as  the  saturation  becomes  complete,  when  the  solution  turns  yellow.  The 
tubes  f^r  conveying  the  gas  should  be  of  large  diameter,  if  they  be  plunged  into  the 
saline  solution,  because  the  crystallization  which  takes  place  in  it  is  apt  to  choke  tbeo 
up.  This  inconvenience  may  however  be  obviated  by  attaching  to  the  end  of  the  glm 
tube,  a  tube  of  caoutchouc  terminated  in  a  small  glass  funnel,  or  simply  the  neck  oft 
caoutchouc  bottle  with  a  part  of  its  body,  whose  width  will  not  be  readily  closed  with  t 
saline  crust.  The  residuary  lixivium  may  be  used  against  another  operation,  or  it  mij 
be  evaporated  down  to  half  its  bulk  and  set  aside  to  crystallize,  whereby  some  noit 
chlorate  will  be  obtained,  mixed  indeed  with  muriate  and  carbonate,  from  which  howefer 
it  may  be  separated  by  a  second  crystallization.  In  general  the  pure  chlorate  obtained 
does  not  exceed  one  tenth  the  weight  of  the  potash  employed ;  because  in  thus  treating 
potash  with  chlorine,  five  sixths  of  it  arc  converted  into  muriate  of  potash  and  only  one 
sixth  into  chlorate,  and  a  part  of  the  latter  adheres  to  the  muriate,  or  is  lost  in  the  mother 
waters  of  the  crystallizations. 

The  chlorate  of  )iotash  may  be  more  conveniently  manufactured,  like  that  of  lime,  IB 
the  dry  way.  St.  Romcr  patented  at  Vienna  the  following  method  for  that  purpose  ii 
1821 :  —  Ten  pounds  of  cr^'stallized  peroxyde  of  manganese  are  to  be  finely  pulverizedi 
mixed  with  ten  pounds  of  plumbago,  and  thirty  pounds  of  common  salt,  and  pat  into  the 
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iden  retort  represented  in  fig.  287,  p.  293.  From  the  middle  of  the  helmet-shaped 
I  of  this  vessel,  a  lead  tube,  two  feet  lonsr,  and  two  inches  wide,  conducts  to  the  receiver, 
tiich  is  a  square  earthen  pan,  hard  gUzed  both  within  and  without,  of  the  same  capacity 
tth  the  retort.  The  end  of  the  tube  must  be  made  fast  to  a  frame  at  the  height  of  six 
ehes  above  the  bottom  of  the  receiver.  Upon  its  inner  sides,  four  inches  apart,  brackets 
e  to  be  fixed  for  supporting  a  series  of  laths  or  shelves  of  white  wood,  on  which  n  num- 
T  of  little  paper  or  pasteboard  boxes  are  to  be  laid.  In  these  boxes  ten  pounds  of  the 
irest  carbonate  of  potash,  prepared  from  tartar,  are  to  be  spread.  The  receiver  must 
»w  be  covered  with  a  lid  made  tis^ht  by  a  water  lute.  Twenty  pounds  of  concentrated 
Iphuric  acid  previously  diluted  with  sixteen  pounds  of  water,  and  then  cooled,  are  to 
i  poured  upon  the  mixed  maierinls  in  the  retort,  the  lid  immediately  secured,  with  the 
be  adjusted  in  the  receiver.  The  whole  must  be  allowed  tP  operate  sponlnneously  with- 
tt  heat  for  twelve  hours.  At  the  end  of  this  time  the  retort  is  to  be  surrounded  with  a 
ater  bath  and  steadily  heated  durin?  twelve  hours,  and  then  led  to  cool  fur  six  hours, 
l&e  apparatus  must  now  be  opened,  the  cakes  of  chlorate  of  potash  removed,  and  freed 
3m  muriate  by  solution  and  crystallization. 

M-  Liebig  proposes  the  followinir  process  for  obtaining  chlorate  of  potash  : — 
Heal  chloride  of  lime  in  water  till  it  censes  to  destroy  vegetable  colors.  In  this  case  a 
ixture  of  chloride  of  calcium  and  chlorate  of  potash  is  obtained.  This  i<  to  be  dissolved 
hot  water,  and  to  the  solution  concentrated  by  evaporation,  chloride  of  potassium  is  to 
;  added,  and  then  suffered  to  cool.  After  coolins,  a  quantity  of  crystals  of  chlorate  of 
itash  is  obtained,  which  are  to  be  redissolved  and  crystallized  airnin  to  purify  them.  M. 
iebig  considers  that  this  will  be  a  cheap  process  for  obtaining  chlorate  of  potash.  From 
t  ounces  of  chloride  of  lime,  of  so  bad  a  quality  that  it  left  65  per  cent,  of  insoluble 
after,  he  obtained  an  ounce  of  chlorate  of  potash. 

The  only  difficulty  to  overcome  in  this  process  is,  from  the  chloride  of  lime  not  being 
I  easily  decomposed  by  heat  as  is  generally  supposed  ;  a  solution  of  it  may  be  kept  boil- 
\g  for  an  hour  without  U)sing  its  bleachin?  power.  The  best  method  is  to  form  a  thin 
lite  with  chloride  of  lime  and  water,  and  then  to  evaporate  it  to  dryness.  If  it  be  re- 
tired to  prepare  it  by  passing  chlorine  into  cream  of  lime,  it  is  advantageous  to  keep  it 
try  hot. 

The  chlorate  of  potash  which  separates  from  the  solution  by  cr}-8tallization,  has  not 
le  form  of  scales  which  it  usually  possesses,  but  is  prismatic  :  whether  this  is  occasioned 
f  some  admixture  has  not  been  ascertained ;  but  on  re-crystallizing,  it  is  obtained  in  the 
snal  form. 

The  solution  ought  not  merely  to  be  lef\  to  cool,  in  order  to  procure  cr}'stals,  for  the 
rystallization  is  far  from  being  terminated  even  after  complete  cooling ;  crystals  continue 
)  be  deposited  for  3  or  4  days. 

The  following  modification  of  the  process  for  making  chlorate  of  potash  is  that  of  M. 
'ie.  A  solution  of  chloride  of  lime,  marking  18°  or  20°  Baume,  is  to  be  set  upon  the  fire 
n  a  lead  or  cast  iron  pot,  and  when  it  begins  to  get  hot,  there  is  to  be  dissolved  in  it  a 
nantity  of  chloride  of  potassium  sufficient  to  raise  the  hydrometer  3  or  4  degrees.  It 
Mist  be  then  concentrated  as  quickly  as  possible  till  it  marks  30°  or  31°,  taking  care  that 
t  does  not  hml  over  by  the  sudden  extrication  of  oxygen.  The  concentrated  liquor  is  set 
iskle  to  crystallize  in  a  cool  place ;  where  a  deposite  of  chlorate  of  potash  forms,  mixed 
vith  chloride  of  potassium.  The  mother  waters  being  evaporated  to  the  density  of  39^, 
ifibrd  another  crop  of  crystals,  after  which  they  may  be  thrown  away. 

The  salts  obtained  AX  the  first  crystallization  are  to  be  re-dissolved,  and  the  solutioa 
being  brought  to  15°  or  16°  is  to  be  filtered,  when  it  will  afford  upon  cooling  pure  chlo- 
rite of  potash. 

Chlorate  or  oxymuriate  of  potash  has  a  coolin?,  somewhat  nnpleasant  and  nitrons 
taste.   It  does  not  bleach.   At  60°  F.  100  parts  of  water  dissolve  six  parts  of  it,  and  at 
hi  boiling  point  or  220°,  sixty  parts.   When  heated  to  dull  ignition  in  a  glass  retort,  it 
givei  oat  39*15  per  cent,  of  its  weight  of  oxygen,  and  becomes  thereby  chloride  of 
potassium.    When  strongly  triturated  in  a  mortar  it  crackles,  throws  out  sparks,  and  be- 
coBes  luminous.  It  deflagrates  upon  red-hot  cinders  like  nitre :  when  triturated  along  with 
nlpknr,  or  phosphorus,  it  detonates  with  great  violence,  not  without  danger  to  the  hands 
of  the  operator,  if  they  be  not  protected  by  a  thick  glove.   Similar  detonations  may  be 
pndnced  with  cinnibar  or  vermilion,  sulphuret  of  potassium,  sugar,  volatile  oils,  &c.y 
^  thej  can  be  effected  only  by  the  smart  blow  of  a  heated  hammer  and  anvil.  A 
vuxtQre  of  sugar  or  starch  with  chlorate  of  potash  is  readily  inflamed  by  a  drop  of  sul- 
phuic  acid,  and  this  experiment  is  the  basis  of  the  preparation  of  the  oxygenated  matches, 
^  they  have  been  commonly  called.   The  following  formula  forms  a  good  paste  for 
tipi^  the  said  matches,  made  of  narrow  slips  of  either  wood  or  card.   Thirty  parts  of 
the  chlorate  in  fine  powder  are  to  be  mixed  gently  with  a  spatula  upon  paper  with  ten 
puts   flowers  of  sulphur  well  levigated,  eight  of  sugar,  five  of  gum  arebic,  and  enough 
of  TenniUon  to  give  the  whole  a  rose  tint.   We  begin  by  mixing  tenderly  together 
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the  sugar,  the  cum,  and  the  salt  previously  pulverized ;  we  then  add  as  much  water  ts 
shall  reduce  the  mixture  to  a  thin  paste,  and  lastly  introduce  the  sulphur;  after  which  all 
must  be  well  incur |)orateU  The  points  of  the  matches,  either  previously  tipped  with  sol- 
phur  or  not,  are  to  be  dipped  in  that  paste,  so  as  to  get  coated  with  a  little  of  it,  and  are 
lastly  laid  in  a  warm  pliice  till  they  become  thoroughly  dry.  To  kindle  one  of  them,  it 
must  be  touched  with  strong  sulphuric  acid,  which  for  this  purpose  is  usually  kept  in  i 
small  well-sioppcrcd  vial,  and  thickened  with  amianthus.  Aspen  is  reckoned  the  best 
wood  for  matches. 

Of  late  years  a  detonating  priming  for  fire-arms  has  been  much  nsed  with  the  percussioi 
locks.  The  simplest  formula  for  making  it  is  to  take  ten  parts  of  gunpowder,  to  lixiviate 
it  with  water,  and  to  mix  the  residuum,  while  moist,  with  five  parts  and  a  qnarter  of 
chlorate  of  potash,  reduced  to  an  extremely  fine  powder.  The  paste  may  be  made  prettf 
thin,  for  the  salt  is  sparingly  Mhible  in  the  cold  water,  and  it  mixes  best  when  tolerabi/ 
fluid.  This  powder  when  ilry  is  dangerous  to  handle,  being  very  apt  to  explode.  Bat 
this  danger  is  guarded  against  by  letting  fall  a  drop  of  the  paste  into  each  copper  per- 
enssion  cap,  and  leaving  it  to  dry  there.  In  the  detonation  of  this  powder,  besides  mv- 
riale  of  potash,  there  are  generated,  a  little  sulphate  of  potash  and  chlorine  gas,  whiek 
rust  the  metal  Ycry  fast.  Fur  which  reason  fulminate  of  mercury  is  now  preferred  by  many 
sportsmen  as  a  delunaling  powder.    See  Fulminate. 

CHLORATES,  compounds  of  chloric  acid  with  the  salifiable  bases.  The  only  acid  b^ 
longin?  to  this  class  of  any  mnnufncturins  importance  is  the  following : 

CHLORIC  ACID ;  the  aciil  constituent  of  the  preceiling  sah ;  h  consists  of  one 
-equivalent  prime  of  chlorine  =  35*  176,  5  of  oxygen,  =  40*065 ;  of  which  the  sum  75*535 
is  the  priirie  equivalent  of  the  acid. 

CHLORINE;  the  most  ent-rgtlic  of  the  undeeompounded  bodies,  or  chemical  ek> 
ments  as  they  are  usually  called,  exists,  under  ordinary  circumstances,  as  a  greenish  yd* 
low  gas,  but,  when  ex|>o$ed  to  a  pressure  of  4  atmospheres,  it  becomes  a  yellow  tzanspi> 
rent  liquid.  In  the  first  stale,  its  density  compared  to  air,  reckoned  I'OOO,  is  S-^T; 
in  the  second,  its  density  compared  to  water,  l-OOO,  is  1'33.  No  degree  of  coM  hilhoto 
tricfl,  has  liquefied  the  gas  when  dry.  It  is  obtained  by  puttmg  into  a  glass 
tort  a  mixture  of  3  parts  of  common  salt,  with  2  parts  of  peroxyde  of  manganese,  tsd 
pouring  u|H)n  it  2  parts  of  sulphuric  acid  diluted  with  its  own  weight  of  water;  or,  more 
conveniently,  by  pouring  muderately  strong  muriatic  acid  upon  peroxyde  of  manganese  is 
a  retort ;  and  in  either  case  applying  the  gentle  heat  of  a  spirit  lamp  or  a  water  batb, 
while  the  beak  of  the  retort  is  plunire<l  under  brine  upon  the  shelf  of  the  pneumatic  trough. 
The  uas  issues,  aiul  may  he  received  in  the  usual  way  into  inverted  glass  jars,  or  viaJsj 
but  the  first  which  ctniirs  over,  being  mixed  with  the  air  of  the  retort,  must  be  rejected. 
It  has  a  peculiar  smell,  and  irritates  the  nostrils  most  violently  when  inhaled,  as  also  the 
windpipe  and  lunjrs.  It  is  eminently  noxious  tu  animal  life,  and,  if  breathed  in  itsnn- 
diluted  slate,  would  prove  instantly  fatal.  It  supports  the  combustion  of  many  bodies, 
and  indeed  s|)onlaneous]y  barns  several  wilhuul  their  being  previously  kindled.  The  re- 
sulting combinations  arc  called  chlorides,  and  act  most  important  parts  in  many  manofac- 
turin??  processes. 

Water  absorbs,  at  the  ordinary  temperature  of  the  atmosphere,  about  double  its  volmne 
of  chlorine,  and  acquires  the  color,  smell,  and  taste  of  the  gas,  as  well  as  its  power  of 
destroying  ur  bleaching  vegetable  colors.  When  this  aqueous  chlorine  is  cooled  to  36"  F. 
dark  yellow  cQSlalline  plates  appear  in  it  of  the  hydrate  of  clilorine,  which  are  compos- 
ed in  100  parts  of  27*7  chlorine,  and  72*3  water.  If  these  crystals  be  heated  to  about 
45°  they  liqueJy,  and  the  gas  flies  off. 

Chlorine  has  a  powerful  afilnity  for  hydrogen,  not  only  eombining  with  it  rapidly  in 
the  gaseous,  but  seizing  it  in  many  of  its  liquid  and  solid  combinations,  as  in  volatile 
oils,  which  it  inflames,  and  in  yellow  wax,  cotton,  and  flax,  which  it  whitens.  The  com- 
pound of  chlorine  and  hydrogen  gases  is  muriatic  acid  gas.  Manganese,  when  mixed 
with  liquid  muriatic  acid,  as  in  the  above  process,  abstracts  the  hydrogen,  and  lets  the 
chlorine  gas  go  free.  When  chlorine  is  passed  into  water,  it  decomposes  some  of  it,  seizes 
its  hydrogen  to  form  a  little  muriatic  acid,  and  enables  its  oxygen  to  unite  either  with  the 
chlorine,  into  chlorous  acid,  or  with  the  remainini;  water,  and  to  constitute  oxygenated 
water.  Hence,  aqueous  chlorine,  exposed  to  the  sunbeam,  continually  evolves  oxygen,  and 
ere  long  becomes  muriatic  acid. 

This  watery  compound  acts  in  a  powerful  way  ujwn  colored  vegetable  fibres,  extracting 
their  hydrogen  or  coloring  element  by  the  twofold  afl[inities  of  the  chlorine  and  oxygen 
For  it. 

Hence  chlorine,  as  a  bleaching  agent,  requires  to  be  tempered  by  the  quiescent  affinity 
of  some  alkaline  base,  potash  or  lime.  Malaria,  or  morbific  and  putrescent  miasmati, 
consult  chiefly  of  hydrogenous  matter  as  their  basis,  and  are  best  counteracted  by  chlo- 
rine, where  it  can  be  conveniently  applied. 

Chlorides  of  Potash,  Soda,  arid  Lime.^These  are  the  most  important  preparatio» 
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ogh  which  chlorine  exercises  its  peculiar  powers  upon  the  objects  of  manufactures. 
m.  a  weak  solution  of  caustic  potash  or  soda  13  saturated  with  chlorine,  it  afibrds  a 
ching  liquor  which  is  still  used  by  some  bleachers  and  calico-printers  for  their  most 
ste  processes ;  but  the  price  of  the  alkalis  has  led  to  the  disuse  of  these  chlorides  as 
neral  means,  and  has  occasioned  an  extensiTe  employment  of  chloride  of  lime.  Upon 
manufacture  of  this  interesting  compound  I  made  an  elaborate  series  of  experiments, 
ral  years  ago,  and  publishea  the  results  in  the  13th  volume  of  Brande's  Journal  for 
0,  1822.   I  have  no  rea^ton  to  suppose,  from  any  thing  that  has  been  published  since, 

the  processes  there  described  have  been  essentially  improved,  or  that  any  errors, 
er  theoretical  or  practical,  of  any  moment,  eiist  in  that  memoir.   I  shall  therefore 

present  my  readers  with  a  brief  abstract  of  it,  and  then  make  such  observations  as 
lequent  inquiries  suggest. 

I  the  researches  which  I  made,  at  many  diiferent  times,  upon  the  nature  of  the  chlo- 
of  lime,  I  generally  sought  to  combine  the  information  flowing  from  both  synthesif 
analysis;  that  Ls,  I  first  converted  a  known  portion  of  hydrate  of  lime  into  bleacl^- 
powder,  and  then  subjected  this  chloride  to  analysis. 

wo  hundred  grains  of  the  atomic  proto-hydrate  of  pure  lime  were  put  into  a  glass 
«,  which  was  kept  colJ  by  immersion  in  a  body  of  water  at  50P.  A  stream  of 
nine,  after  being  washed  in  water  of  the  same  temperature  in  another  glass  globe, 
lected  to  the  former  by  a  long  narrow  glass  tube,  was  passed  over  the  calcareous 
rate.  The  globe  with  the  lime  was  detached  from  the  rest  of  the  apparatus  from 
i  to  time,  that  the  process  mis;ht  be  suspended  as  soon  as  the  augmentation  of  weight 
led-  This  happened  when  the  200  grains  of  hydrate,  containing  151*9  of  lime,  had 
)rbed  130  grains  of  chlorine.  By  one  analytical  experiment,  it  was  found  that  dilate 
iatic  acid  expelled  from  50  grains  of  the  chloride,  20  grains  of  chlorine,  or  40  per 
U ;  and  by  another,  from  40  grains,  16*25  of  gas,  which  is  40*6  per  cent.  From  the 
daum  of  the  first  39-7  grains  of  carbonate  of  lime  were  obtained  by  carbonate  of 
Qonia ;  from  that  of  the  second,  36*6  of  ignited  muriate  of  lime.  The  whole  results 
therefore  as  follows  : — 


Synthetis. 

Ist  Analjsis. 

9d  Analysii. 

MtM. 

Chlorine  -  • 

39*39 

40-00 

40-62 

40-31 

Lime-  

4600 

44*74 

46-07 

45-40 

Water  

14*60 

15*26 

13-31 

14-28 

100  00 

100*00 

100-00 

100-00 

liongh  the  heat  generated  by  the  action  of  the  dilute  acid  had  carried  off  in  the  ana- 
cal  experiments  a  small  portion  of  moisture  with  the  chlorine,  yet  their  accordance 
h  the  synthetic  experiment  is  sufficiently  good  to  confirm  the  general  results.  The 
vc  powder  appears  to  have  been  a  pure  chloride,  without  any  mixture  of  muriate, 
i  it  exhibits  no  atomic  constitution  in  its  proportions. 

\>  200  grains  of  that  hydrate  of  lime  30  grains  of  water  being  added,  the  powder  was 
jected  to  a  stream  of  chlorine  in  the  above  way,  till  saturation  took  place.  Its  in- 
196  of  weight  was  150  grains. 

i  ought  to  be  remarked,  that  in  this  and  the  preceding  experiment  there  was  no  appre- 
>le  pneumatic  pressure  employed  to  aid  the  condensation  of  the  chlorine.  In  the  last 
e,  we  see  that  the  addition  of  30  grains  of  water  has  enabled  the  lime  to  absorb  20 
ins  more  of  chlorine,  being  altogether  a  quantity  of  gas  nearly  equal  to  that  of  the  dry 
i.  Thus,  an  atom  of  lime  seems  associated  with  7.  of  an  atom  of  chlorine.  Analysis 
nnriatic  acid  confirmed  this  composition.    It  gave 

Chlorine   -  -   39-5=51-8  cubic  inches. 

Lime    -   -   -  39-9 

Water  -  -  -  20-6 

100-0 

L  great  variety  of  apparatus  has  been  at  different  tmies  contrived  for  favoring  the 
ibfiuition  of  chlorine  with  the  slaked  lime  for  the  purposes  of  commerce.  One  of 
most  ingenious  forms  is  that  of  a  cylinder,  or  barrel,  furnished  with  narrow  wooden 
Ives  within,  and  suspended  on  a  hollow  axis  by  which  the  chlorine  was  admitted,  and 
nd  which  the  barrel  was  made  to  revolve.  By  this  mode  of  agitation,  the  lime-dust, 
Bg  expc«ed  on  the  most  extensive  surface,  was  speedily  impregnated  with  the  gas  to 
requisite  degree.  Such  a  mechanism  I  saw  nt  MM.  Obcrkampf  and  Widmer's  cele- 
fabriqiu.  de  loiUs  peinfesy  at  Jouy,  in  1816.  But  this  is  a  costly  refinement,  in- 
■lowle  on  the  largest  scale  of  British  mannfactuipe.  The  simplest,  and,  in  my 
nion,  the  best  construction  for  subjecting  lime- powder  to  cblcrine,  is  a  large  chamber 
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8  or  9  feet  high,  built  of  silicioas  sandstone,  having  the  joints  of  the  masoniT  seeored 
with  a  cement  composed  of  pitch,  reiin,  and  dry  gypsnm  in  eqaal  parts.  A  door  ii 
fitted  into  it  at  one  end,  which  can  he  made  air-tight  by  strips  of  cloth  and  elay-lnle. 
A  winduw  on  each  side  enables  the  operator  to  judge  how  the  impregnation  goes  on  by 
the  color  of  the  air,  and  also  gives  light  for  making  the  arrangements  within  at  the 
commencement  of  the  process.  As  water  lutes  are  incomparably  superior  to  all  otben, 
where  ihe  pneumatic  pressure  is  small,  I  would  recommend  a  large  valve  or  door  oo  this 
principle  to  be  made  in  the  roof,  and  two  tunnels  of  considerable  width  at  the  bottom  of 
each  side  wall.  The  three  covers  could  be  simultaneously  lifted  off  by  cords  passing 
over  a  pulley,  without  the  necessity  of  the  workman  approaching  the  deleterious  gas, 
when  the  apartment  is  to  be  opened.  A  great  number  of  wooden  shelves,  or  rather 
trays,  8  or  10  feet  long,  2  feet  broad,  and  1  inch  deep,  are  provided  to  receive  the  riddled 
slaked  lime,  containing  generally  about  2  atoms  of  lime  to  3  of  water.  These  shelves 
are  piled  one  over  another  in  the  chamber,  to  the  height  of  5  or  6  feet,  cross  ban  below 
each  keeping  them  about  an  inch  asunder,  that  the  gas  may  have  free  room  to  circubte 
over  the  surface  of  the  calcareous  hydrate. 

The  alembics  for  generating  the  chlorine,  which  are  usually  nearly  spherical,  are  in 
some  cases  made  entirely  of  lead,  in  others  of  two  hemispheres,  joined  together  in  the 
middle,  the  upper  hemisphere  being  lead,  the  under  one  cast-iron.  The  first  kind  of 
alembic  is  enclosed,  for  two  thirds  from  its  bottom,  in  a  leaden  or  iron  case,  the  interval 
of  two  inches  between  the  two  being  destined  to  receive  steam  from  an  adjoining  boiler. 
Those  which  consist  below  of  cast-iron  have  their  bottom  directly  exposed  to  a  very 
gentle  fire;  round  the  outer  edge  of  the  iron  hemisphere  a  groove  is  cast,  into  which  the 
nnder  edge  of  the  leaden  hemisphere  fits,  the  joint  being  rendered  air-tight  by  Roman 
or  patent  cement.  In  this  leaden  dome  there  are  four  apertures,  each  secured  by  a  water- 
lute.  The  first  opening  is  about  10  or  12  inchos  square,  and  is  shut  with  a  leaden  valve, 
with  incurvated  edges,  that  fit  into  the  water  channel  at  the  margin  of  the  hole.  It  is 
destined  for  the  admission  of  a  workman  to  rectify  any  derangement  in  the  apparatus  of 
rotation,  or  to  detach  hard  concretions  of  salt  from  the  bottom. 

The  second  aperture  is  in  the  centre  of  the  top.  Here  a  tube  of  lead  is  fixed,  which 
descends  nearly  to  the  bottom,  and  down  through  which  the  vertical  axis  passes.  To 
its  lower  end  the  cross  bars  of  iron,  or  of  wood,  sheathed  with  lead,  are  attached,  bj 
whose  revolution  the  materials  receive  the  proper  agitation  for  mixing  the  dense  manga- 
nese with  the  sulphuric  acid  and  suit.  The  motion  is  communicated  either  by  the  hand 
of  a  workman  applietl  from  lime  to  time  to  a  winch  at  top,  or  it  is  given  by  connecting 
the  axis  with  wheel  work,  impelled  by  n  stream  of  water  or  a  steam-engine.  The  third 
opening  aiimils  the  syphon-formed  funnel,  through  which  the  sulphuric  acid  is  introduced; 
and  the  fourth  is  the  orifice  of  the  eduction-pipe. 

Manufacturers  ditfer  much  from  each  other  in  the  proportion  of  their  materials  for 
generating  chlorine.    In  general,  10  cwt.  of  s  ill  arc  mixed  with  from  10  to  14  cwt.  of 
manganese,  to  which  mixture,  after  its  introduction  into  the  alembic,  from  J 2  to  14  cwt- 
of  sulphuric  acid  are  added  in  successive  portion^.    That  quantity  of  oil  of  viiriul  must, 
however,  be  previously  dilutetl  with  water,  till  its  specific  gravity  becomes  about  1*6- 
But,  indeedj,^  this  dilution  is  seldom  actually  made,  fiir  the  manufacturer  of  bleaching^ 
powder  nrrnost  always  prepares  his  own  sulphuric  acid  for  the  purpose,  and  therefore^ 
carries  its  conccniration  no  higher  in  the  leaden  Uulers  than  the  (len>ily  of  1*65,  whidfe. 
from  my  table  of  sulphuric  acid,  indicates  J  of  its  weight  of  water,  and  therefore 
more  of  such  acid  must  be  used. 

The  fourth  aperture,  I  have  said,  admits  the  eduction  pipe.  This  pipe  is  a(lerward» 
conveyed  into  a  leaden  chest  or  cylinder,  in  which  all  the  other  eduction  pipes  a!so»- 
terminate.  They  are  connected  with  it  simply  by  water-lutes,  having  a  hydrostatic 
pressure  of  2  or  3  inches.  In  this  irenerai  (iicfrsorinm  the  chlorine  is  washed  fron*> 
adhering  muriatic  aci'l,  by  parsing  throui^h  a  little  water,  in  which  each  tube  is  im — 
mersed,  and  from  this  the  gas  is  let  off  by  a  pretty  large  leaden  tube,  into  the  combina- 
tion room.  It  usually  enters  in  the  top  of  the  ceiling,  whence  it  diffuses  its  heavy  gas^ 
equally  round. 

Four  days  are  requirctl,  at  the  ordinarj'  rate  of  working,  for  making  good  marketable- 
bleach  in*?- powder.    A  more  rapid  firrnation  would  merely  endanger  an  elevation  of 
temperature,  productive  of  muriate  of  lime,  at  the  expense  of  the  bleaching  quality.  Bat. 
skilful  manufacturers  use  here  an  alternating  process.    They  pile  up,  first  of  all,  the 
wooden  trays  only  in  alternate  shelves  in  each  column.    At  the  end  of  two  dajrs  th^ 
distillation  is  intermitted,  and  the  chamber  is  laid  open.    AAer  two  hours  the  workman 
eaters,  to  introduce  the  alternate  trays  covered  with  fresh  hydrate  of  lime,  and  at  the 
same  time  rakes  up  thoroughly  the  half-formed  chloride  in  the  others.   The  door  is  them 
secured,  and  the  chamber,  after  being  filled  for  two  days  more  with  chlorine,  is  again 
opened,  to  allow  the  first  set  of  trays  to  be  removed,  and  to  be  replaced  by  others,  eon 
taioing  fresh  hydrate,  as  before.   Thus  the  process  is  conducted  in  regular  alternation : 
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thw,  to  my  knowledge,  very  saperior  bleaching-powder  is  manafactrired,  and  thus  the 
chlorine  may  be  suffered  to  enter  in  a  pretty  uniform  stream.  But  for  this  judiciong 
phin,  as  the  hydrate  advances  in  impregnation,  its  faculty  of  absorption  becoming 
diminished,  it  would  be  requisite  to  diminish  proportionately  the  evolution  of  chlorine, 
or  to  allow  the  excess  to  escape,  to  the  great  loss  of  the  proprietor,  and,  what  is  of  more 
eooseqnenoe,  to  the  great  detriment  of  the  health  of  the  workmen. 

The  manufacturer  generally  reckons  on  obtaining  from  one  ton  of  rock-salt,  employed 
as  above,  a  ton  and  a  half  of  good  bleaching-powder.  But  the  following  analysis  of  the 
operation  will  show  that  he  ought  to  obtain  two  tons. 

When  a  mixture  of  sulphuric  acid,  common  salt,  and  black  oxyda  of  manganese  are 
the  ingredients  used,  as  by  the  manufacturer  of  bleaching-powder,  the  abrolute  pro- 
poftions  are,  upon  the  oxygen  scale  of  equivalents :  — 

1  atom  muriate  of  soda       -       -      7*5  29*70  100*0 

1  atom  peroxyde  of  manganese        -      5*5  21*78  73*3 

2atom8oilof  vitrioll*846     -       -     12-25  48*52  163-3 


100.00 

4-5  1782 

9*0  35*64 

9*5  37*62 

2*26  8*92 


25*25  100-00 

These  proportions  are,  however,  very  different  frcan  those  emptoyed  by  many,  nay, 
I  believe  by  all  manufacturers ;  and  they  ought  to  be  so,  on  account  of  the  impurity 
of  their  oxyde  of  manganese.  Yet  making  alk)wance  for  this,  I  am  afraid  that  many  of  them 
commit  great  errors  in  the  relative  quantities  of  their  materials. 

From  the  preceding  computation,  it  is  evident  that  1  ton  of  salt  with  1  ton  of  the 
above  native  oxyde  of  manganese  properly  treated,  would  yield  0*59  of  a  ton  of  chlorine, 
which  would  impregnate  1*41  tons  of  slaked  lime,  producing  2  tons  of  bleaching-powder, 
stronger  than  the  a\'erage  of  the  commercial  specimens ;  or  allowing  for  a  fitUe  Jo6& 
which  is  anavoidable,  would  afford  2  tons  of  ordinary  powder,  with  a^ttle  more  slaked 
lime. 

Fig.  287  represents  a  retort  of  lead,  well  adapted  to  the  evolution  of  chlorine  from  the 


mizture  of  salt,  manganese,  and  sulphuric  acid,  or  from  manganese  and  muriatic  add*. 
The  interior  vessel  is  cast  in  lead,  and  it  has  round  its  bottom  part  a  cast-iron  steam 
Gsst.  The  salt  and  manganese  are  introduced  by  the  aperture  c,  and  the  sulphnrie 
add  by  the  syphon  funnel  f.  The  contact  of  these  three  substances  is  continually 
renewed  by  the  agitator  or  stirrer  b,  which  consists  of  wrought  or  cast  iron  sheathed 
with  lead,  e  is  the  gas  discharge  pipe.  The  residuums  are  drawn  off  by  the  bottom 
diKliar|(e  pipe  c.   The  healing  case  receives  its  steam  by  the  pipe  A. 

ne  chlorine  ga8,yig.  288,  is  conveyed  from  the  retort  b  into  the  chamber  i,  by  the  tnbt 
V  K  X.  This  chamber  is  divided  into  four  compartments,  to  receive  the  gas  disengaged 
Asm  fimr  retorts,  like  the  above.  The  bottom  of  it  is  covered  with  a  stratum  tlnee 
or  four  inches  thick  of  quicklime,  newly  slaked  and  siAed,  which  is  stirred  about  from 
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And  the  products  ought  to  be ;  — 
Chlorine  disengaged    -  -  1  atom. 

Sulphate  of  soda         -  -  1  — 

Proto-sulphate  of  manganese  -  1  — 
Water         -  -  -  2  — 
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time  to  time,  by  the  rakes  l  l  l  l.  When  the  saturation  is  sufficient,  the  chlonde  of 
lime  is  taken  out  by  the  doors  k  k  k  k.  The  size  of  this  apparatus  allows  2  cwt.  of 
manganese,  and  its  equivalent  quantity  of  salt  and  sulphuric  acid,  or  of  nuriatic  add,  to 
be  introduced  at  once  into  the  retort,   d  is  the  handle  of  the  agitator. 

The  same  form  of  retort  will  suit  perfectly  well  to  prepare  chlorine  for  making 
liquid  chloride  of  lime,  which  is  preferred  by  many  bleachers  and  calico-printers  who 
have  conveniences  for  preparing  it  themselves.  The  most  concentrated  solations  of  the 
dry  chloride  of  lime  do  not  mark  more  than  6°  B.  (sp.  grav.  1*04),  and  discolor  oilj 
50  volumes  of  Gay  Lussac's  solution  of  indiso,  whilst  the  chloride  made  in  the  humid 
way  marks  from  8°  to  9°  B.  (about  1'060),  and  discolors  80  volumes  of  the  same 
solution. 

In  the  chloride  of  lime  apparatus,  most  generally  used  by  the  skilful  calieo- printers  cf 
Mulhausen,  the  mixture  of  muriatic  acid  and  manganese  is  pat  into  glass  globes,  with 
lon^  necks,  heated  upon  a  sand-bath.  The  chlorine  is  conveyed  by  glass  tnbes  into  a 
cylindrical  stone  cistern,  containing  milk  of  lime.  The  furnace  of  the  sand  baths  is  made 
of  cast  iron,  and  has  biick  partitions,  to  cive  each  retort  its  own  fire.  The  smoke  of  all 
these  fires  goes  ofl  by  a  flue  into  sheet  iron  pipes.  The  cistern  is  made  of  siliceous  sand- 
stone. Its  cover  is  of  wood,  coated  with  a  resinous  cement ;  and  it  fits  at  its  edges  into 
grooves  cut  in  the  stone.  A  wheel  ser\'es  to  agitate  the  liquid  continually;  its  paddles 
being  kept  at  two  inches  distance  from  the  sides  of  the  cistern.  The  milk  of  lime  is  is- 
troduced  by  a  funnel,  and  the  chloride  is  drawn  ofli*  by  a  discharge  pipe.  I  think  tke 
lead  retort  and  agitator  used  in  this  country  greatly  preferable  to  the  experimental  la- 
boratory plan  described  above.  In  all  such  apparatus  we  should  avoid  giving  mny  pres- 
sure to  the  tubes  or  vessels,  and  should  not  therefore  dip  the  extremities  of  the  ffis 
pipes  beneath  the  surface  of  the  liquid,  but  rather  facilitate  the  combination  of  the 
chlorine  and  the  lime,  by  enlarging  the  surfaces  of  contact  and  by  agitating.  Interna 
diate  vessels  contninin?  water,  or  the  chemical  cascade  of  M.  Clement,  are  very  usefol 
for  absorbing  any  muriatic  acid  which  may  be  disengaged  along  with  the  chloiine,  and 
thereby  preventing  the  needless  formation  of  muriate  of  lime  in  the  chambers  or  cistens 
of  impregnation. 

When  the  solution  of  the  chloride  of  lime  is  mixed  with  hydrate  of  lime,  it  bears,  with- 
out decomposing,  a  pretty  hish  temperature,  provided  it  be  not  too  long  continned;  it 
may  even,  in  certain  cases,  be  raised  to  near  the  boiling  point  without  sufi*ering  a  marked 
loss  of  its  discolomig  power;  but  when  the  chloride  is  deprived  of  that  excess  cf  lime,  it 
is  decomposed  in  a  short  time,  even  at  a  heat  of  110°  F. 

When  chlorine  is  admitted  to  milk  of  lime,  it  infallibly  produces  some  muriate  of 
lime ;  but  the  qnantity  is  kept  at  a  minimvm  hy  constantly  presenting  an  excess  of  lime 
to  the  ?as  with  the  agitator,  and  hy  keeping  the  temperature  as  low  as  possible.  Hence 
the  influx  of  gas  should  not  be  so  rapid  as  to  generate  much  heat.  An  automatic  agita- 
tor, moved  by  steam  or  water  power,  is  therefore  much  belter  than  one  driven  by  the  hand 
of  the  operator,  who  is  apt  to  intermit  his  labors.  If  the  liquor  becomes  hot  at  the  end 
of  the  process,  it  should  be  immediately  drawn  off  into  large  stone  bottles,  and  cooled. 
The  rose-color,  which  sometimes  supervenes,  ^s  due  to  a  minute  quantity  of  manganese. 
The  strongest  liquid  chloride  of  lime  that  can  be  prepared  will  not  discolor  more  than  80 
times  its  volume  of  Gay  Lussac's  indigo  test. 

On  actin?  upon  cotton  cloth  with  a  concentrated  solution  of  chloride  of  lime,  at  froB 
no**  to  120^  F.,  pure  carbonic  acid  gas  is  disenpaced,  and  the  texture  of  the  cloth  is 
injured.  Here  the  hydrogen  of  the  water  and  the  cotton  being  seized  by  the  chlorine, 
the  liberated  oxycen  combines  with  the  carbon  to  form  carbonic  acid.  In  the  discharge 
troughs  where  printed  calicoes  are  passed  through  strong  solutions  of  chloride  of  lime, 
stalactitic  crusts  of  carbonate  of  lime  come  to  be  formed  in  this  way. 

The  chlorometre  of  Gay  Lussac  consists  of  a  test  solution  of  indigo  and  a  graduated 
tube.  One  part  of  the  best  indigo,  passed  through  a  silk  sieve,  is  to  be  dissolved  m 
nine  parts  of  concentrated  sulphuric  acid,  by  the  aid  of  a  water-bath  heat  applied  for 
six  hours.  The  sulphate  of  indigo  is  now  to  be  diffused  through  such  a  body  of  water 
that  one  volume  of  chlorine  gas  shall  discolor  exactly  ten  times  its  volume  of  this  dilute 
solution.    The  test  liquor  should  be  protected  from  the  agency  of  light. 

Mr.  Crum,  of  Thorniebank,  near  Glasgow,  has  lately  modified  i)r.  Dalton's  copperas 
test  for  chloride  of  lime,  and  made  it  convenient  to  the  practical  man.  The  doctor  justly 
considered  that  the  more  chlorine  any  bleaching  powder  contains,  the  more  of  the  green 
sulphate  of  iron  will  it  convert  into  the  red  sulphate,  so  that  we  have  only  to  add  suc- 
cessive portions  of  the  chloride  to  a  given  weight  of  the  dissolved  copperas,  and  note 
the  point  at  which  all  the  iron  gels  peroxydized.   See  Bleaching. 

Besides  the  method  of  analysis  already  quoted  from  my  memoir  on  the  mannfactvre 
of  the  chloride  of  lime,  another  occurred  to  mc  long  ago,  which  I  oAen  practised  as  an 
easy  and  expeditious  test.  Chlorine  decomposes  ammonia.  If  therefore  water  of 
ammonia,  faintly  tinged  with  litmus,  be  added  slowly  to  a  solution  of  a  given  weight  of 
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chloride  of  lime,  the  color  will  continue  to  disappear  till  the  chlorine  he  all  neutralized 
hj  the  reaction  of  the  hydrogen  of  the  ammonia.  The  qaantity  of  liquid  ammonia  of  a 
certain  strength  requisite  to  neutralize  in  this  way  a  certain  volume,  say  one  cubic  inch, 
or  a  thousand  grain  measures  of  chlorine  gas,  may  he  assumed  as  the  standard  of  such 
a  chlorometer.  As  chlorine  or  chloride  of  lime,  when  mixed  with  water  of  ammonia, 
causes  the  disengagement  of  azote,  the  quantity  of  this  gas  evolved  may  also  be  made 
the  foundation  of  an  accurate  and  convenient  chlorometer.  The  two  substances  should 
be  mixed  over  mercury,  in  u  graduated  syphon  tube.  The  shut  end  a  and  the  open  end  b 
are  both  graduated  to  one  scale ;  for  example,  to  liundredths  of  a  cubic  inch,  or  to  grain 
r\  289  or  10  grain  measures.  The  lube  is  to  be  filled  with  mercury,  and  then  10 
measures  of  it  are  to  be  displaced  at  the  open  end,  by  inserting  a  wooden 
plug.  This  space  being  filled  with  the  solution  of  chloride  of  libie,  is  to  be 
turned  up  into  the  shut  end  by  covering  the  open  end  with  the  finger,  and  in- 
verting the  tube ;  a  few  drops  of  water  may  be  sent  through  to  wash  the  mer- 
cury. The  ammonia  being  now  let  up,  will  cause  a  reaction,  and  evolve  a 
quantity  of  azote,  equivalent  to  the  chlorine  present.  The  action  may  be 
quickened  by  holding  the  sealed  end  of  the  tube  obliquely  over  a  lamp  heat. 
The  mercury  is  protected  from  the  chlorine  by  the  ammonia;  and  shouli  any 
.  .  notion  be  entertained  of  such  an  action,  the  ammonia  may  be  let  up  first.  I 
L  J  have  made  innumerable  researches  over  mercury  with  a  detached  apparatus 
V.-^  of  that  kind,  which  combines  preci.<ion  with  rapidity  of  result.  It  was  by  a 
aimilar  mercurial  syphon  that  I  analyzed  the  carbonates,  as  described  in  the  first  edition 
of  my  Dictionary  of  Chemistry,  twenty-one  years  ago. 

M.  Gay  Lussac  takes,  as  the  basis  of  his  indizo  chlorometer,  the  fact,  that  one  pound 
of  pure  crystallized  peroxydc  of  manganese  is  capable  of  affording,  with  muriatic  acid, 
0*79&t  parts  of  a  pound  of  chlorine;  or  one  kilogramme  yields  251^  litres;  that  is,  one 
ponnd  yields  251 J  pound  measures.  Hence  3*98  grammes  of  that  manganese  arc  capa- 
ble of  affording  1000  gramme  measures,  or  1  litre  of  chl(»rine ;  or,  in  round  numbers,  4 
grains  will  yield  1000  grain  measures.  This  quantity  of  gas,  being  received  into  that 
Tolume  of  milk  of  lime,  constitutes  therefore  Gay  Lussac's  primary  standard.  The  small 
retort  in  which  the  manganese  and  muriatic'acid  are  put,  ought  to  be  heate<l  to  ebullition, 
to  discharsre  every  particle  of  chlorine.  To  prevent  the  manganese,  in  this  experiment, 
from  sticking  to  the  bottom  in  a  cake,  it  has  been  proposed  to  mix  iiiprcviously  with  a 
little  plumbago.    See  Chlorometry. 

For  preparing  the  chlorides  of  potash  and  soda,  the  same  apparatus  may  be  employed 
as  fur  the  liquid  chloride  of  lime.  The  alkaline  solutions  should  be  weak,  containing 
not  more  than  a  pound  to  the  gallon  of  water.  Potash  liquor  saturated  with  chlorine,  is 
much  employed  at  Paris  lor  whitening  linen,  under  the  name  of  the  water  of  Javelle,  the 
place  where  it  was  first  made  as  a  manufacture.  One  hundred  parts  of  chlorine  are 
said  to  saturate  133  parts  of  pure  potash,  and  195  of  the  carbonate  ;  but  the  latter  should 
not  be  used  for  preparing  the  bleaching  fluid,  as  the  carbonic  acid  resists  the  combina- 
tion of  the  chlorine.  A  chloride  of  carbonate  of  soda  has  been  lately  recommended  as 
t  disinfecting  substance  against  contagious  miasmata  or  fomilea.  One  hundred  parts 
of  chlorine  will  saturate  150  of  the  dry  carbonate,  and  405  of  the  crystallized.  M. 
Payen  prepares  this  medicinal  chloride  by  adding  138  parts  of  carbonate  of  soda  to  a 
liquid,  consisting  of  water  1800,  chloride  of  lime  100,  at  98**  of  strength,  by  Gay 
Lus!«ac*s  standard.  The  chloride  of  lime  is  to  be  dissolved,  and  the  sediment  well  wash- 
ed ;  the  carbonate  of  soda,  dissolved  by  heat,  is  to  be  poured  into  the  solution,  the  preci- 
pitate allowed  to  subside,  the  clear  fluid  decanted,  and  the  solid  matter  washed  upon  a. 
£lter.  The  collected  solutions  are  neutral  chloride  of  soda.  Sixty-two  parts  of  the  car- 
bonate of  soda  are  then  to  be  dissolved  in  the  remainder  of  the  water,  and  added  to  the 
preparation ;  the  whole  being  thus  filtered,  a  limpid  liquor  is  obtained,  indicating  5^  by 
the  hydrometer  of  fiaumd. 

The  chloride  of  magnesia  was  long  ago  proposed  by  Sir  H.  Davy  for  bleaching 
linen,  as  being  preferable  to  chloride  of  lime,  because  the  resulting  muriate  of 
Aiagnesia  was  not  injurious  to  the  fibre  of  cloth,  as  muriate  of  lime  may  be,  under 
certain  circumstances.    I  prepared  a  quantity  of  chloride  of  magnesia,  by  exposing  a 
liydrate  of  that  earth  in  the  chlorine  chamber  of  a  large  manufactory  of  chloride  of 
lime  at  Glasgow,  and  obtained  a  'compound  possessed  of  considerable  discoloring 
powers ;  but  I  found  that  the  chlorine  was  so  feebly  saturated  by  the  base,  that  it 
^lestroyed  the  colors  of  fast-dyed  calicoes  as  readily  as  chlorine  gas  or  chlorine  water  did, 
and  was  therefore  dangerous  for  common  bleaching,  and  destructive  in  clearing  the 
grounds  of  printed  goods,  which  is  one  of  the  most  valuable  applications  of  the 
ealcareous  and  alkaline  chlorides.    The  occasion  of  my  making  these  experiments 
was  the  importation  of  a  considerable  quantity  of  magnesite,  or  native  atomic  carbonate 
of  magnesia,  from  the  district  of  Madras,  by  an  enterprising  friend  of  mine  Encouraged 
by  the  encomiums  bestowed  on  the  chloride  of  magnesia  by  many  chemical  writers^  he 
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expected  to  ha^e  benefited  both  the  country  and  himself,  by  brining  home  the  earthy  bsK 
of  that  compound,  at  a  moderate  price ;  but  was  disappointed,  to  his  cost. 

Dr.  Thomson  is  of  opinion  that  the  bleaching  compound  of  lime  and  chlorine  is  ooli 
chloride  of  lime,  but  a  cumbination  of  chlorous  acid  with  lime  and  of  chlorine  with 
cium ;  consisting  in  its  most  concentrated  state  of 

3  atoms  of  chloride  of  calcium  =  21 

1  atom  of  chlorite  of  lime   -  =11 

i? 

So  that  about  one  third  of  the  weight  is  chlorite  of  lime,  to  which  alone  the  bleachiof 
powers  of  the  substance  are  owing.  He  admits  a  fact,  rather  inconsistent  with  this  opii- 
ion,  that  bleaching  powder  does  not  attract  moisture  from  the  atmosphere  with  nearly  so 
much  rapitiity  as  might  be  expected  from  n  mixture  containing  two  thirds  of  its  weight 
of  so  deliquescent  a  salt  as  muriate  of  lime;  unless  this  indeed  be  prevented  by  the  ehlo- 
ride  and  chlorite  being  united  into  a  double  salt,  which  is  a  mere  conjecture  withoot 
either  proof  or  analogy.  And  further,  when  dilute  sulphuric  or  muriatic  acid  b  poured 
upon  bleaching  powder,  a  profusion  of  chlorine  is  given  out  immediately,  which  he  alio 
admits  to  be  inconsistent  with  the  notion  of  its  being  a  mixture  of  chloride  of  calcium  aid 
chlorite  of  lime,  for  no  such  evolution  takes  place  when  the  above  acids  are  mixed  with 
solutions  of  chloride  of  calcium  and  chlorate  of  potash.  Though  I  am  of  opinion  that 
bleaching  powder  is  simply  a  chloride  of  lime,  in  which  the  lime  corresponds  to  the  water 
in  the  aqueous  chlorine,  yet  I  cannot  see  the  truth  or  appositcness  of  his  last  rcasoB,  be- 
cause chlorine  is  certainly  given  out  when  chlorate  of  potash  is  acted  upon  by  dilute  niH 
liatic  acid,  as  any  man  may  prove  by  adding  to  a  mixture  of  these  two  sabatanoes  a  ve* 
getable  color ;  for  it  will  be  si>eedily  blanched.  Dr.  Thom^^on  considers  the  chloride  whidk 
is  at  present  made  in  Mr.  Tennant*s  great  factor)-,  as  containing  one  atom  of  chlorine  a^ 
sociated  with  one  atom  of  lime,  or,  taking  his  numbers,  as  consisting  of 

Hydrate  of  lime  4-626 

Chlorine     -  4-6 

Or  nearly  equal  weights  of  the  chlorine  and  the  base;  indicating  a  surprising  degree  of 
excellence  in  the  preparation.  The  average  commercial  samples  of  bleaching  powder 
fiom  different  factories  which  I  examined  some  years  aco,  did  not  possess  nearly  that 
strength ;  but  varied  in  their  quantity  of  chlorine  from  20  to  28  per  cent.  In  my  synthe- 
tic experiments  related  above,  the  greatest  quantity  of  chlorine  that  would  combine  with 
the  atomic  hydrate  of  lime,  was  in  the  proportion  of  130  to  200 ;  but  there  is  no  doubt 
that  if  the  lime  contains  additional  water,  it  will  condense  more  gas.  I  have  never  seen 
a  chloride  of  lime  of  the  streni^th  mentioned  by  Dr.  Thomson,  and  I  should  think  there 
must  be  some  fallacy  in  his  statements.  I  have  recorded  in  the  paper  obove  quoted  an 
experiment  which  proves  that  with  additional  moisture,  a  chloride  of  lime  may  be  obtain- 
ed  of  the  following  composition  :  — 

Chlorine  39-5 
Lime    -  39-9 
Water  -  20-6 
1000 

In  the  article  Bleaching,  of  the  Encyclopapdia  Britannica,  Dr.  Thomson  deduces  from 
a  test  trial  of  Mr.  Crum,  that  the  best  blenching  powder  is  a  compound  of  1  atom  chlo- 
rite of  lime  =  11,  3  atoms  chloride  of  calcium  =  21,  and  8  atoms  of  water  =  9.  "  But,** 
addrhe,  "  in  general  the  whole  lime  is  not  accurately  saturated  with  chlorine.  Accord- 
ingly, when  the  bleaching  powder  is  dissolved  in  water  a  small  residue  aknost  always  re- 
mains undissolved.    Unless  the  powder  be  fresh  made,  a  portion  of  chlorite  is  always 
converted  into  chloride  of  calcium.    It  is  probable  therefore  that  the  best  bleaching  pow- 
der, as  it  comes  into  the  hands  of  the  bleachers,  consists  of 
1  atom  chlorite  of  lime    -  11 
3  atoms  chloride  of  calcium  21 
6  atoms  water     -      -  6-75 
Impurity         -      -  2-25 
41-00 

"If  we  consider  the  bleaching  powder  as  a  compound  of  chlorine  and  lime,  our  mode  of 
calculating  will  not  be  altered.  Instead  of  1  atom  chlorite  of  lime,  and  3  atoms  chloride 
of  calcium,  we  shall  have  4  atoms  chloride  of  lime,  6  atoms  water,  and  2*25  of  impurity 
as  before."  In  such  ambiguity  does  this  able  chemist  place  this  interesting  eompound, 
for  theoretical  reasons,  of  which  I  cannot  see  the  value.  Surely  there  is  no  difficulty  im 
conceiving  chlorine  to  exercise  a  direct  attractive  force  towards  the  hydrate  of  lime,  as  it 
is  known  to  do  towards  each  of  its  elementary  constituents,  the  oxygen  and  the  calcium. 
8aeh  refinements  as  the  preceding  tend  merely  to  mystify  a  plain  matter.   Even  the 
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cid  here  brought  into  play  to  form  the  ideal  ehlorite,  is  by  his  own  admisnon 
tical  being.  When  chlorate  of  potash,"  says  Dr.  Thomson,  is  mixed  with 
acid,  and  made  into  small  balls  the  size  of  a  pea,  if  we  exposd  these  balls  to  a 
Brhat  lower  than  that  of  boiling  water,  a  bright  yellowish  green  gas  separates, 
^  be  received  over  mercury.  Its  smell  is  peculiar  and  aromatic.  Water  absorb* 
ven  times  its  volume  of  it.   It  destroys  vegetable  blues.   lis  constituents  are — 

1  volume  chlorine  2-5    or  4*5. 

2  volumes  oxygen  2*222  or  4. 

compound  consists  in  weight  of  chlorine  4*5,  oxygen  4=8*5.  It  has  been  called 
^de  of  chlorine,  but  it  is  more  probably  a  teroxydi.  It  has  been  supposed  by 
issess  acid  properties,  and  has  therefore  been  called  chlorous  acid.  But  this  is 
t  a  hypothesis." 

his,  by  the  doctor's  own  showing,  is  very  slender  authority  for  renouncing  our 
^ed  doctrines  concerning  the  constitution  of  bleaching  powder.  I  shall  con- 
emarking  that  the  ultra-atomists  are  now  in  a  dDemma  about  this  substance ; 
-,  and  many  French  chemists  calling  it  a  sub-chloride,  of  1  atom  of  chlorine  to 
*  lime,  and  Dr.  Thomson  showing  that  Mr.  Tennant,  the  greatest  and  best  man- 
of  it,  has  produced  it  in  the  state  of  a  chloride,  or  1  atom  of  each.  The  fact  is, 
i  of  lime,  as  in  water  of  ammonia,  alcohol,  and  muriatic  add,  there  is  do  wjfii- 
n  for  definite  proportion  in  any  term  short  of  saturation,  and  therefore  we  shall 
chloride  in  every  gradation  of  strength  from  one  per  cent,  of  chlorine  up  to  40 
-the  strongest  which  I  succeeded  in  preparing,  though  I  passed  a  constant 
chlorine  in  great  excess  over  a  pure  hydrate  of  lime  for  upwards  of  24  hours, 
ent  renewal  of  the  surface ;  indeed,  till  it  refused  to  absorb  any  more  gas,  as 
>y  its  remaining  stationary  in  weight. 

LOMETRY ;  Chlorometrie,  is  the  name  given  by  the  French  to  the  process  for 
decoloring  power  of  any  combinaticm  of  chlorine,  but  especially  of  the  com- 
ticles,  the  chlorides  of  lime,  potash,  and  soda.  M.  Gay  Lussac  proposed  many 
the  following  gradna'ed  method  of  applying  indigo  to  this  purpose.  As  indigo 
:h  in  its  dyeing  quality,  and  of  consequence  in  the  proportion  of  chlorine  re- 
its  deculoration,  he  assumes  as  the  unity  of  blanching  power,  one  litre  of  chlo- 
leasured  at  the  mean  pressure  of  29*6  inches,  and  at  the  temperature  of  melting 
volume  of  gas,  when  combined  with  a  determinate  quantity  of  water,  is  em- 
est  the  standard  solution  of  indigo.  For  this  purpose  a  solution  in  sulphuric 
r  sample  of  incIi?o  is  taken,  and  diluted  with  water  to  such  a  degree  that  10 
if  it,  in  a  graduated  tube,  are  decolored  by  that  one  measure  of  combined  chlo- 
Sach  measure  of  indigo  solution  so  destroyed  b  called  a  degree,  and  this  meas- 
divided  inid  five  parts,  the  real  test  of  chlorine  is  given  to  fiAieths,  which  is 
nice.  For  the  standard  ef  the  assays,  a  chloride  of  lime  as  pure  and  fully 
IS  possible  is  taken,  and  dissolved  in  such  a  quantity  of  water,  that  the  solution 
in,  or  be  equivalent  to,  one  volume  of  chlorine  gas.  Calculation  proves  that 
ion  is  exactl3f  fulfilled  by  dissolving  4938  grammes  of  the  said  chloride  in  half  a 
Lcr ;  or  in  English  measures,  5  £?r.  very  nearly  in  500  grain  measures  of  watav. 
on,  which  serves  for  a  type,  indicates  10*  in  the  assay,  or  proof ;  that  is  to  say, 
i  volume  destroys  the  color  of  10  volumes  of  the  dilute  indigo  solution.  It  may 
id  that  a  greater  dei^ree  of  precision  is  in  general  attainable  with  a  weak  so- 
hlorine  or  a  chloride,  for  example  at  4®  or  6°,  than  with  one  much  stronger; 
ly  if,  after  a  preliminary  trial,  the  standard  considerably  exceeds  10*^,  a  givtn 
water  must  be  added  to  the  solution,  and  then  the  above  proof  must  be  taken, 
ime  of  water  added  was  double,  the  number  of  degrees  aJfterward  found  must 
to  obtain  the  true  title  of  the  chloride.  It  is,  however,  to  be  observed  that 
of  decoloration  varies  with  the  time  taken  in  making  the  mixture;  the  more 
chlorine  is  added  to  the  indigo,  the  less  of  it  escapes  into  the  atmosphere, 
lore  effective  it  becomes  in  destroying  the  color.  The  best  mcxie  of  ob- 
mparable  results  is  to  pour  suddenly  into  the  test  quantity  of  chlorine  the 
ime  of  the  indigo  solution  likely  to  be  decolored ;  but  it  is  requisite  to  find  ap- 
y  beforehand,  what  quantity  of  indigo-blue  will  probably  be  destroyed. 
»mes  to  the  verge  of  destruction,  it  is  green ;  but  yellowish-brown  when  en- 
mposed. 

led  the  indigo  test  in  many  ways,  but  never  could  confide  in  it.  The  sulphu- 
1  of  indigo  is  very  liable  to  change  by  keeping,  and  thus  to  lead  to  erroneous 
!*he  method  of  testins^  the  chlorides  by  green  sulphate  of  iron,  described  under 
is  in  my  opinion  preferable  to  the  above. 

Lussac  has  recently  proposed  another  proof  of  chlorine,  founded  on  the  same 
8  that  by  green  vitriol,  namely,  the  quantity  of  it  requisite  to  raise  a  metalUe 
from  a  lower  to  a  higher  stage  of  oxydizement.  He  now  prescribes  as  thf 
plan  of  chlorometry,  to  pour  very  slowly  from  a  graduated  glass  tubi^  • 
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standard  solution  of  the  chloride,  to  be  tested  upon  a  determinate  quantity  of  arsenioos  tad 
dissolved  in  muriatic  acid,  till  the  whole  arsenions  be  converted  into  the  arsenic  add.  TW 
value  of  the  chloride  is  greater  the  less  of  it  is  required  to  produce  this  effect.  It  is  euj 
to  recocrnise,  by  a  few  drops  of  solution  of  indigo,  the  instant  when  all  the  arscniousieid 
has  disappeared ;  for  then  the  blue  tint  is  immediately  effaced,  and  cannot  be  restored 
the  addition  of  a  fresh  drop  of  the  indigo  solution. 

In  graduating  the  arsenical  chlorometer,  M.  Gay  Lnssac  takes  for  his  unity  the  deeot 
oriniT  power  of  one  volume  of  chlorine  at  32^  Fahr.,  and  divides  it  into  100  parts.  Sop- 
pose  that  we  prepare  a  solution  of  chlorine  containing  its  own  volume  of  the  gas,  aadu 
arsenious  solution,  such,  that  under  a  like  volume,  the  two  solutions  shall  reciprocally  d^ 
stroy  each  other.  Let  us  call  the  first,  the  normal  solution  of  chlorine,  and  the  seond, 
the  normal  arsenious  solution.  We  shall  fix  at  10  grammes  the  weight  of  chloride  lioe 
subjected  to  trial ;  ana  dissolve  it  in  water,  so  that  the  total  volume  of  the  solution  sbaQ 
be  a  litre  (1000  grammes  measure),  including  the  sediment.  If  we  take  a  constant  rol- 
ume  of  this  solution,  10  centimetres  cube  (10  gramme  measures),  for  example,  divided  is- 
to  100  equal  parts,  and  pour  into  it  gradually  the  arsenious  solution  (measured  by  Ifte 
portions),  till  the  chlorine  be  destroyed,  the  bleaching  power  will  be  proportional  to  the 
number  of  portions  of  the  arsenious  solution,  which  the  chloride  shall  have  reqnimL 
If  tne  chloride  has  destroyed  100  portions  of  the  arsenious  solution,  its  title  will  be  100; 
if  it  has  destroyed  80  portions,  its  title  will  be  80,  &c.,  and  so  forth. 

On  pouring  the  acidulous  arsenious  solution  into  the  chloride  of  lime,  this  will  becone 
▼ery  acid ;  the  chlorine  will  be  emitted  abundantly,  and  the  proof  will  be  quite  incomd. 
If,  on  the  contrary,  we  pour  the  solution  of  the  chloride  of  lime  into  the  arsenioiis  nli- 
tion,  this  evil  will  not  occur,  since  the  chlorine  will  always  find  plenty  of  arsenions 
to  act  upon,  whatever  be  the  dilution  of  the  one  or  the  other ;  but  in  this  case,  the  stud- 
ard  of  the  chlorine  is  not  given  directly,  as  it  is  in  the  inverse  ratio  of  the  number  of 
portions  which  are  required  to  destroy  the  measures  of  the  arsenions  solution.  If  50 
portions  of  the  chloride  have  been  required,  the  proof  will  be  lOOX^Af  =200";  if  200 
have  been  required,  the  proof  will  be  100Xl§J=50'*,  &«.  This  evU  is  not,  howerer, 
very  serious,  since  we  have  merely  to  consult  a  table,  in  which  we  can  find  the  proof 
corresponding  to  each  volume  of  the  chloride  employed  for  destroying  the  constint 
measure  of  the  arsenious  solution.  The  arsenious  solution  should  be  slightly  tinged  with 
sulphate  of  indigo,  so  as  to  show,  by  the  disappearance  of  the  color,  the  precise  point  or 
instant  of  its  saturation  with  chlorine,  that  is,  its  conversion  into  arsenic  acid.  If  the 
arsenious  acid  be  pure,  the  normal  solution  maybe  made  directly  by  dissolving  4*439 
grammes  of  it  in  muriatic  acid  (free  from  sulphurous  acid),  and  diluting  the  solutioo 
till  it  occupies  one  litre,  or  1000  grammes  measure.  ^nnaUs  de  ChimU  tt  Physiam, 
LX.  225. 

CHOCOLATE  is  an  alimentary  preparation  of  very  ancient  use  in  Mexico,  from 
which  country  it  was  introduced  into  Europe  by  the  Spaniards  in  the  year  1520,  and  by 
them  long  kept  a  secret  from  the  rest  of  the  world.    Linneus  was  so  fond  of  it,  that  he 
gave-  the  specific  name,  theobroma,  food  of  the  gods,  to  the  cacao-tree  which  produced 
it.    The  cacao-beans  lie  in  a  fruit  somewhat  like  a  cucumber,  about  6  inches  long  and 
3|  thick,  which  contains  from  20  to  30  beans,  arranged  in  5  regular  rows  with  parti* 
tions  between,  and  which  are  surrounded  with  a  rose-colored  spongy  substance,  Hke 
that  of  water-melons.    There  are  fruits,  however,  so  larire  as  to  contain  from  40  to  50 
beaiis.    Those  grown  in  the  West  India  islands,  Berbice  and  Demarara,  are  mocb 
smaller,  an<l  have  only  from  6  to  15;  their  development  being  less  perfect  than  in 
South  America.    After  the  maturation  of  the  fruit,  when  their  green  color  has  chansed 
to  a  dark  yellow,  they  are  plucked,  opened,  their  beans  cleared  of  the  marrowy  sub- 
stance, and  spread  out  to  dry  in  the  air.     Like  almonds,  they  are  covered  with  a  ihia 
skin  or  husk.    In  the  West  Indies  they  are  immediately  packed  up  for  the  market 
when  they  are  dried ;  but  in  the  Caraccas  they  are  subjected  to  a  species  of  slight  fer- 
mentation, by  putting  them  into  tubs  or  chests,  covering  them  with  boards  or  stones* 
and  tumins;  them  over  every  morning,  to  equalize  the  operation.    They  emit  a  good 
deal  of  moisture,  lose  the  natural  bitterness  and  acrimony  of  their  taste  by  this  process, 
as  well  as  some  of  their  weight.    Instead  of  wooden  tubs,  pits  or  trenches  dug  in  the 
ground  are  sometimes  had  recouise  to  for  curing  the  beans;  an  operation  called  ear/Atag 
(terrer).   They  are  lastly  exposed  to  the  sun,  and  dried.   The  latter  kind  are  reckoned 
the  best ;  being  larger,  roueher,  of  a  darker  brown  color,  and,  when  roasted,  throw  off 
their  husk  readily,  and  split  into  several  irregular  fragments ;  they  have  an  agreeable 
mild  bitterish  taste,  without  acrimony.   The  Guiana  and  West  India  sorts  are  smaller, 
flatter,  smoother-skinned,  lighter-colored,  more  sharp  and  bitter  to  the  taste.  They 
answer  best  for  the  extraction  of  the  butter  of  cacao,  but  aflfonl  a  less  aromatic  and 
agreeable  chocolate.   According  to  Lampadius,  the  kernels  of  the  West  India  cacao 
heans  contain,  in  100  parts,  besides  water,  53*1  of  fat  or  oil,  16*7  of  an  albominoas 
kown  matter,  which  contains  all  the  aroma  of  the  bean,  10*91  of  starch,  7{  of  gum  or 


CHOCOLATE. 


S9e 


e,  0*9  of  lignine,  and  2*01  cf  a  reddish  dye-stuff  somewhat  akin  to  the  pigment  of 
al.  The  huslcs  form  12  per  cent,  of  the  weicht  of  the  beans;  they  contain  no  fat, 
sides  lignine,  or  woody  fibre,  which  constitutes  half  their  weight,  they  yield  a 
*own  n**^cilaginous  extract  by  boiling  in  water.  The  fatty  matter  is  of  the  con- 
t  of  tallow,  while,  of  a  milil  agreeable  taste,  called  butter  of  cacao,  and  not  apt  to 
Qcid  by  keeping.  It  melts  only  at  122^  Fahr.,  and  should,  therefore,  make  tolera- 
dles.  It  is  soluble  in  boiling  alcohol,  but  precipitates  in  the  cold.  It  is'obtained 
ning  the  beans  to  strong  pressure  in  canvass  bags,  afker  they  have  been  steamed 
ed  in  boiling  water  for  some  time.  From  5  to  6  ounces  of  butter  may  be  thus  ob- 
from  a  pound  of  cacao.  It  has  a  reddish  tinge  when  first  expressed,  bat  it  becomes 
y  boiling  with  water. 

beans,  being  freed  from  all  spoiled  and  mouldy  portions,  are  to  be  gently  roasted 
fire  in  an  iron  cylinder,  with  holes  in  its  ends  for  allowing  the  vapors  to  escape; 
taratus  being  similar  to  a  coffee-roaster.  When  the  aroma  begins  to  be  well  de- 
1,  the  roasting  is  known  to  be  finished;  and  the  beans  must  be  turned  out,  cooled, 
red  by  fanning  and  siAing  from  their  husks.  The  kernels  are  then  to  be  con- 
into  a  paste,  either  by  trituration  in  a  mortar  heated  to  130**  F.,  or  by  the  follow- 
enious  and  powerful  machine.   The  chocolate  paste  has  usually  in  France  a  little 

incorporated  with  it,  and  a  considerable  quantity  of  sugar,  which  varies  from 
nd  of  its  weight  to  equal  parts.    For  a  pound  end  a  half  of  cacao,  one  pod  of  va- 

sufilcient.  Chocolate  paste  improves  in  its  flavor  by  keeping,  and  should  there- 
mode  in  large  quantities  al  a  time.  But  the  roasted  beans  soon  lose  their  aroma* 
led  to  Uie  air. 


290  represents  the  chocolute  mill.  Upon  the  sole  a,  made  of  marble,  six  conical 
B  B,  are  made  to  run  by  the  revolution  of  the  upright  axis  or  shaft  q,  driven  by 
«ncy  of  the  fly  wheel  e  and  bevel  wheels  i  k.  The  sole  a  rests  upon  a  strong 
late,  which  is  heated  by  a  small  stove,  introduced  at  the  door  h.  The  wooden 
work  F,  forms  a  ledfp,  a  few  inches  high,  round  the  marble  slab,  to  confine 
eoa  in  the  act  of  trituration,  c  is  the  hopper  of  the  mill  through  which  the 
i  beans  are  introduced  to  the  action  of  the  rollers,  passing  first  into  the  flat 
D,  to  be  thence  evenly  distributed.  AAer  the  cacao  has  received  the  first  tritura- 
le  paste  is  returned  upon  the  slab,  in  order  to  be  mixed  with  the  proper  quantity 
ir,  and  vanilla,  previously  sliced  and  ground  up  with  a  little  hard  sugar.  When 
Dcolate  is  sufficiently  worked,  and  while  it  is  thin  with  the  heat  and  trituration, 
A  be  pat  carefully  into  the  proper  moulds.  If  introduced  too  warm,  it  will  be 
become  damp  and  dull  on  the  suriface ;  and,  if  too  cold,  it  will  not  take  the  proper 

It  must  be  previously  well  kneaded  with  the  hands,  to  ensure  the  expulsion  of 
air  babble. 

Barcelona,  chocolate  mills  on  this  construction  are  very  common,  but  they  are 
iHra  horse-gin  set  to  work  in  the  under  story,  corresponding  to  H  in  the  aboft 
The  shad  g  is,  in  this  case,  extended  down  through  tht  marble  slab,  and  It 
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snrrounded  at  its  centre  with  a  hoop,  to  prevent  the  paste  coming  into  eontaet  with  it 
Each  of  these  borse-mills  turns  out  about  ten  pounds  of  fine  choecdate  in  the  boor,  frai 
a  slab  two  feet  seven  inches  in  diameter. 

Chocolate  is  flavored  with  cinnamon  and  cloves,  ip  several  countries,  instead  of  tk 
more  expensive  vanilla.  In  roasting  the  beans,  the  heat  should  be  at  fini  Tery  slow,  to 
give  time  to  the  humidity  to  escape;  a  quick  fire  hardens  the  surface,  and  injures  the 
process.  In  putting  the  paste  into  the  tin  plate,  or  other  moulds,  it  most  be  wd 
shaken  down,  to  ensure  its  filling  up  all  the  cavities,  and  giving  the  sharp  and  poIisM 
impression  so  much  admired  by  connoisseurs.  Chocolate  is  sometimes  adoltermted  with 
starch  ;  in  which  case  it  will  form  a  pasty  consistenced  mass  when  treated  with  boiliBg 
water.  The  harder  the  slab  upon  which  the  beans  are  triturated,  the  better ;  and  hence 
porphyry*  is  far  preferable  to  marble.  The  grinding  rollers  of  the  mill  shcnUd  be  made  of 
iron,  and  kept  xery  clean. 

CHROMATES,  saline  compounds  of  chromic  acid  with  the  bases.    See  Chio- 

MIVM. 

CHROMIC  ACID ;  see  Chbomium. 

CHROMIUM.  The  only  ore  of  this  metal,  which  occurs  in  suflicient  abaadaoee 
for  the  purpose*  of  art,  is  the  octohedral  chrome-ore,  commonly  called  chromate  «f  iroa, 
though  it  is  rather  a  compound  of  the  oxydes  of  chromium  and  iron.  The  fracture  of 
this  mineral  is  uneven  ;  its  lustre  imperfect  metallic ;  its  color  between  iron-black  and 
brownish-black,  and  its  streak  brown.  Its  specific  gravity,  in  the  purest  state,  risci 
to  4*5 ;  but  the  usual  chrome-ore  found  in  the  market  varies  from  3  to  4.  Aoeordiag 
to  Klaproth,  this  ore  consists  of  oxyde  of  chromium,  43  \  protoxyde  of  iron,  34*7; 
alumina,  20*3 ;  and  silica.  2 ;  but  Vauquelin's  analysis  of  another  specimen  gave  as 
above,  respectively,  55-5,  33,  6,  and  2.  It  is  infusible  before  the  blowpipe;  bntitacli 
upon  the  magnetic  needle,  aAer  having  been  exposed  to  the  reducing  vnakj  flame,  ft 
is  entirely  soluble  in  borax,  at  a  high  blowpipe  heat,  and  imparls  to  it  a  beantifnl  greei 
cdor. 

Chrome-ore  is  found  at  the  Bare  Hills,  near  Baltimore,  in  Marjland;  in  the  Shetkad 
Isles,  Unst  and  Fellar;  the  department  of  Var,  in  France,  in  small  quantity;  andaeu 
Portsoy,  in  Banff>hire;  as  also  in  Silesia  and  Bohemia. 

The  chief  application  of  this  ore  is  to  the  production  of  chromate  of  potash,  from 
which  salt  the  various  other  preparations  of  this  metal  used  in  the  arts  are  obtained. 
The  ore,  freed,  as  well  as  possible,  from  its  gangue,  is  reduced  to  a  fine  powder,  by 
being  ground  in  a  mill  under  ponderous  edge-wheels,  and  siAed.  It  is  then  mixed 
with  one  third  or  one  half  its  weight  of  coarsely  bruised  nitre,  and  exposed  to  a 
powerful  heat,  for  several  hours,  on  a  reverberalory  hearth,  where  it  is  stirred  about 
occasionally.  In  the  laree  manufactories  of  this  countr)',  the  ignition  of  the  above 
mixture  in  pots  is  laid  aside,  as  too  operose  and  expensive  The  calcined  matter  is  raked 
out,  and  lixiviated  with  water.  The  bright  yellow  solution  is  then  evaporated  briskly, 
and  the  chromate  of  potash  falls  down  in  the  form  of  a  granular  salt,  which  is  UAed 
out  from  time  to  time  from  the  bottom  with  a  large  ladle,  perforated  with  small  holes, 
and  thrgapo  into  a  draining-box.  This  saline  powder  may  be  formed  into  regular  crystals 
of  nautral  chromate  of  potash,  by  solution  in  water  and  slow  evaporation ;  or  it  may  be 
converted  into  a  more  t)eautiful  crystalline  body,  the  bichromate  of  potash,  by  treating 
its  concentrated  solution  with  nitric,  muriatic,  sulphuric,  or  acetic  acid,  or,  indeed,  any 
acid  exercising  a  stronger  affinity  for  the  second  atom  of  the  potash  than  the  chromic 
acid  docs. 

Bichromate  of  potash,  by  evaporation  of  the  above  solution,  and  slow  cooling,  may  be 
obtained  in  the  form  of  square  tables,  with  bevelled  ed?es,  or  flat  four-sided  prisms. 
They  are  permanent  in  the  air,  have  a  metallic  and  bitter  taste,  and  dissolve  in  about  one 
tenth  of  their  weight  of  water,  at  60**  F. ;  but  in  one  half  of  their  weight  of  boiling  water. 
They  consist  of  chromic  acid  13,  potash  6;  or,  in  100  parts,  68-4 -f  31-6.  This  salt  is 
much  employed  in  calico-printine  and  in  dyeing  ;  which  see.* 

Chromate  of  lead,  the  chrome-yellow  of  the  painter,  is  a  rich  pigment  of  various 
shades,  from  deep  orange  to  the  palest  canar>'  yellow.  It  is  made  by  adding  a  limpid 
solution  of  the  neutral  chromate  (the  above  granular  salt)  to  a  solution,  equally  limpid, 
of  acetate  or  nitrate  of  lead.  A  precipitate  falls,  which  must  be  well  washed,  and  care- 
fully dried  out  of  the  reach  of  any  sulphurcted  vapors.  A  lighter  shade  of  yellow  is 
obtained  by  mixing  some  solution  of  alum,  or  sulphuric  acid,  with  the  chromate,  before 
pouring  it  into  the  solution  of  lead ;  and  an  orange  tint  is  to  be  procured  by  the  addition 
of  subacetate  of  lead,  in  any  desired  proportion. 

For  the  production  of  chromate  of  potash  from  chrome  ore,  various  other  processes 
have  been  recommended.  The  following  formula;,  which  have  been  verified  in  practie^ 
will  prove  useful  to  the  manufacturers  of  this  important  article: — 

I.  Two  parts  of  chrome  ore,  containing  about  50  per  cent,  of  protoxyde  of  chrominmi 
One  part  of  saltpetre. 
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F6or  parts  of  ehroii)e  ore,  containing  34  per  cent,  of  protozyde  of  chromium. 
Two  )>arts  of  potashes. 
One  part  of  saltpetre. 

Four  parts  of  chrome  ore.      —      34  — 
Two  of  potashes. 

Foar  tenths  of  a  part  of  peroxyde  of  manganese. 
Three  parts  of  chrome  ore. 
Foor  parts  of  saltpetre. 
Two  parts  of  argal. 

ame  manufacturers  have  contrived  to  effect  the  conversion  of  the  oxyde  into  an  acid, 
of  course  to  form  the  chromate  of  potash,  by  the  agency  of  potash  alone,  in  a  calcining 
Ace,  or  in  earthen  pots  fired  in  a  pottery  kiln. 

.fler  lixiviating  the  calcined  mixtures  with  water,  if  the  solution  be  a  tolerably  pure 
Moate  of  potash,  its  value  may  be  inferred,  from  its  specific  gravity,  by  the  following 
e :  — 

.t  specific  gravity  1*28  it  contains  about  50  per  cent,  of  the  salt. 

1*21  33 

M8  25 

M5  20 

M2  16 

Ml  14 

110  12 
I  making  the  red  bichromate  of  potash  from  these  solutions  of  the  yellow  salt,  nitric 
was  at  first  chiefly  u!>ed  ;  but  in  consequence  of  its  relatively  high  price,  sulphuric, 
iatic,or  acetic  acid  has  been  frequently  substituted  upon  the  great  scale, 
here  is  another  application  of  chrome  which  merits  some  notice  here;  that  of  its  green 
le  to  dyeing  and  painting  on  porcelain.  This  oxyde  may  be  prepared  by  decomposing, 
I  heat,  the  chromate  of  mercur}*,  a  salt  made  by  adding  to  nitrate  of  protoxyde  of  mer> 
chromate  of  potash,  in  equivalent  proportions.    This  chromate  has  a  fine  cinnabar 
when  pure ;  and,  at  a  dull  red  heat,  parts  with  a  portion  of  its  oxygen  and  its 
enrial  oxyde.     From  M.  Dulons:'s  experiments  it  would  appear,  that  the  purest 
miate  of  mercury  is  not  the  best  adapted  for  preparing  the  oxyde  of  chrome  to  be 
I  in  porcelain  painting.     He  thinks  it  ou?ht  to  contain  a  little  oxyde  of  manganese 
chromate  of  potash,  to  afford  a  green  color  of  a  fine  tint,  especially  for  pieces  that 
to  receive  a  powerful  heat.    Pure  oxyde  of  chrome  preserves  iu  color  well  enough 
muffle  furnace ;  but,  under  a  stronger  fire,  it  takes  a  dead-leaf  color, 
he  green  oxyJc  of  chrome  has  come  so  extensively  into  use  as  an  enamel  color  for 
«1ain,  that  a  fuller  account  of  the  best  modes  of  manufacturing  it  must  prove  aecepl- 
to  many  of  my  readers. 

bat  oxyde,  in  combination  with  xrater,  called  the  hydrate,  may  be  economically 
lared  by  boiling  chromate  of  potash,  dissolved  in  water,  with  half  its  weight  fi 
ers  of  sulphur,  till  the  resulting  green  precipitate  ceases  to  increase,  which  niay  be 
ly  ascenained  by  filtcrin?  a  little  of  the  mixture.  The  addition  of  som^J)otas)| 
lerates  the  operation.  This  consists  in  combining  the  sulphur  with  the  oxy?hi^f  ^ 
chromic  acid,  so  as  to  form  sulphuric  acid,  which  unites  with  the  potash  of  the 
mate  into  sulphate  of  potash,  while  the  chrome  oxyde  becomes  a  hydrate.  An 
\  quantity  of  potash  facilitates  the  deoxydizement  of  the  chromic  acid  by  the  forma- 

of  hyposulphite  and  sulphuret  of  potash,  both  of  which  have  a  strong  attraction 
iijgen.  For  this  purpose  the  clear  lixivium  of  the  chromate  of  potash  is  sufficiently 
,  though  it  should  hold  some  alumina  and  silica  'm  solution,  as  it  generally  does. 

hydrate  may  be  freed  from  particles  of  sulphur  by  heating  dilute  sulphuric  acid 
.  it,  which  dissolves  it;  af\er  which  it  may  be  precipitated,  in  the  state  of  a 
)nate,  by  carbonate  of  potash,  not  added  in  excess. 

'  calcining  a  mixture  of  bichromate  of  potash  and  sulphur  in  a  crucible,  chromic 
is  also  decomposed,  and  a  hydrated  oxyde  may  be  obtained ;  the  sulphur  being 
y  converted  into  sulphuret  of  potassium,  and  partly  into  sulphuric  acid  (at  the 
nse  of  the  chromic  acid),  which  combines  with  the  rest  of  the  potash  into  a 
late.  By  careful  lixiviation,  these  two  new  compounds  may  be  washed  away,  and 
thttmie  green  may  be  freed  from  the  remaining  sulphur,  by  a  slight  heat, 
tfbig-  and  Wdhler  have  lately  contrived  a  process  for  producing  a  subchromate  of 
of  a  beautiful  vermilion  hue.  Into  saltpetre,  brought  to  fusion  in  a  crucible  at 
Atle  heat,  pure  chrome  yellow  is  to  be  thrown  by  small  portions  at  a  time.  A 
If  ebullition  takes  place  at  each  addition,  and  the  mass  becomes  black,  and  con- 
n  fo  while  it  is  hot.  The  chrome  yellow  is  to  be  added  till  little  of  the  saltpetre 
dns  nndeeomposed,  care  being  taken  not  to  overheat  the  crucible,  lest  the  color 
he  miktore  should  become  brown.  ^  Having  allowed  it  to  settle  for  a  few  minutes, 
ng  wliich  the  dense  basic  salt  falls  to  the  bottom,  the  fluid  part,  consisting  of 
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ehromate  of  potash  and  saltpetre,  is  to  be  poured  ofT,  and  it  can  be  employed  again  ii 
preparing  chrome  yellow.  The  mass  remaining  in  the  crncibJe  is  to  be  wathei  ^ 
water,  and  the  chrome  red  being  separated  from  the  other  matters,  is  to  be  dried  ifta 
proper  cdulcoraticn.  It  is  essential  fur  the  beauty  of  the  color,  that  the  nline  sdotiBi 
should  not  stand  long  over  the  red  powder,  because  the  color  is  thns  apt  to  become  oft 
dull  orange  hue.  The  fine  crystalline  powder  subsides  so  quickly  lo  the  bottom  after 
every  ablution,  thnt  the  above  precaution  may  be  easily  observed. 

As  Chromic  Jicid  will  probably  ere  long  become  an  object  of  interest  to  the  edieo 
printer,  I  slmll  dt-scribe  here  the  best  method  of  preparing  it.  To  100  puts  of  yeDot 
ehromate  of  potash,  add  136  of  nitrate  of  borytes,  each  in  solution.  A  precipitate  of  Ik 
yellow  ehromate  of  barytes  falls,  which  being  washed  and  dried  would  amount  to  130 
parts.  But  while  siiil  moist  it  is  to  be  dissolved  in  water  by  the  intervention  of  alittk 
nitric  acid,  and  then  decomposed  by  the  addition  of  the  requisite  quantity  of  sulphorie 
acid,  whereby  the  bnrytcs  is  separated,  and  the  chromic  acid  remains  associated  with  the 
nitric  nci«l,  from  which  it  can  be  freed  by  evapc»ration  to  drj  ness.  On  re-dissolving  tk 
chromic  acid  residuum  in  water,  filtering  and  evaporating  to  a  proper  degree,  50  puis 
of  chiwnic  acid  may  be  obtained  in  crystals. 

This  acid  nmy  also  he  obtained  from  chn>mate  of  lime,  formed  by  mixing  ehromate  of 
potash  and  muriate  of  lime;  washing  the  insoluble  ehromate  of  lime  which  precipititei^ 
and  decomposing  it  by  the  equivalent  quantity  of  oxalic  acid,  or  for  ordinary  purposes  era 
sulphuric  acid  may  be  employed. 

Chr(»mic  acid  is  obtained  in  quadrangular  crystals,  of  a  deep  red  color;  it  has  a  ray 
acrid  and  styptic  ta>te.  It  reddens  powerfully  litmus  paper.  It  is  deliqoeseeDt  in  the  air. 
When  heated  to  redness  it  emits  oxygen,  and  passes  into  the  deutozyde.  When  m  littleof 
it  is  fused  along  with  vitreous  bornx,  the  compound  assumes  an  emerald  green  color. 

As  chromic  acid  parts  with  its  last  dose  of  oxygen  very  easily,  it  is  capable  in  ccrtui 
styles  of  calico  printing  of  becoming  a  valuable  substitute  for  chlorine,  where  this  moR 
powerful  substance  would  not  from  peculiar  circumstances  be  admissible.  For  this  ii- 
genious  application,  the  arts  are  indebted  to  that  truly  scientific  mannfactorer,  M.  Daud 
Koechlin,  of  Mulhouse.  He  discovered  that  whenever  ehromate  of  potash  has  its  acid 
set  free  by  its  being  mixed  with  tartaric  or  oxalic  acid,  or  a  neutral  vegetable  sabstanec^ 
starch  or  sugar  for  example,)  and  a  mineral  acid,  a  very  lively  action  is  produced,  witk 
isengagement  of  hent,  and  of  several  gn^es.  The  result  of  this  decomposition  is  theictiie 
reagent,  chromic  acid,  possessing  valuable  properties  to  the  printer.  Watery  solntioBS 
of  ehromate  of  potash  and  tartaric  acid  being  mLxed,  an  eflfcrvescence  is  produced  wfaick 
has  the  power  of  destroying  vegetable  colors.  But  this  power  lasts  no  longer  than  the 
effervescence.  The  mineral  acids  react  upon  the  ehromate  of  potash  only  when  vegetable 
coloring  matter,  gum,  starch,  or  a  vegetable  acid  are  present,  to  determine  the  disengage- 
ment of  gas.  During  this  curious  change  carbonic  ocid  is  evolved ;  and  when  it  takes 
place  in  a  retort,  there  is  condensed  in  the  receiver  a  colorless  liquid,  slightly  aekl, 
exhaling  somewhat  of  the  smell  of  vinegar,  and  containing  a  little  empyreumatic  oil 
This  liquid  heated  with  the  nitrates  of  mercury-  or  silver  reduces  these  metals.  On 
these  principles  M.  Kcechlin  discharged  indigo  blue  by  passing  the  cloth  through  a  solutioD 
of  ehromate  of  potash,  and  printing  nitric  acid  thickened  with  gum  upon  certain  spots.  It 
is  probable  that  the  employment  of  chromic  acid  would  supersede  the  necessity  of  harisg 
recourse  in  many  cases  to  the  more  corrosive  chlorine. 

The  following  dirt^ctions  have  been  given  for  the  preparation  of  a  blue  oxyde  of  chrome. 
The  concentrated  alkaline  solution  of  ehromate  of  potash  is  to  be  saturated  with  weak 
sulphuric  acid,  and  then  to  every  8  lbs.  is  to  be  added  1  lb.  of  common  salt,  and  half  s 
pound  of  concentrated  sulphuric  acid ;  the  liquid  will  now  acquire  a  green  color.  To  be 
certain  thnt  the  yellow  color  is  totally  destroyed,  a  small  quantity  of  the  liquor  is  to  ha?e 
potash  added  to  it,  and  filtered  ;  if  the  fluid  is  still  yellow,  a  fresh  portion  of  salt  and  of 
sulphuric  acid  is  to  be  added ;  the  fluid  is  then  to  be  evaporated  to  dryness,  redissolved, 
and  filtered  ;  the  oxyde  of  chrome  is  finally  to  be  precipitated  by  caustic  potash.  It  wiD 
be  of  a  greenish-blue  color,  and  being  washed,  must  be  collected  upon  a  filter. 

Chromaie  of  Pot  ashy  adulttratim  of,  to  detect.  The  ehromate  of  potash  has  the 
power  of  combining  with  other  salts  up  to  a  certain  extent  without  any  very  sensible 
change  in  its  form  and  appearance ;  and  hence  it  has  been  sent  into  the  market  falnfied 
by  very  considerable  quantities  of  sulphate  and  muriate  of  potash,  the  presence  of 
which  has  often  escaped  observation,  to  the  great  loss  of  the  dyers  who  use  it  so  ex- 
tensively. The  following  test  process  has  been  devised  by  M.  Zubcr,  of  M^ouse. 
Add  a  large  excess  of  tartaric  acid  to  the  ehromate  in  question,  which  vriU  decompose 
it,  and  produce  in  a  few  minutes  a  deep  amethyst  color.  The  supernatant  liquor 
will,  if  the  ehromate  be  pure,  afford  now  no  precipitate  with  the  nitrates  of  barytes  or 
silver ;  whence  the  absence  of  the  sulphates  and  muriates  may  be  inferred.  We  must, 
however,  use  dilute  solutions  of  the  ehromate  and  acid,  lest  bitartrate  of  potash  be  pre- 
cipitated, which  will  take  place  if  less  than  60  parts  of  water  be  employed.    Nor  muft 
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re  test  the  liquid  till  the  decomposition  be  complete,  and  till  the  color  verge  rather  toward 
be  ;reen  than  the  yellow.  Eight  parts  of  tartaric  acid  should  be  added  to  one  of  chro- 
late  to  obtain  a  sure  and  rapid  result.  If  nitrate  of  potash  (saltpetre)  is  the  adulterating 
igredient,  it  may  be  detected  by  throwing  it  on  burning  coals,  when  deflagration  will  en- 
ae.  The  green  color  is  a  certain  mark  of  the  transformation  of  the  chromic  acid  par- 
\m\ly  into  the  chrome  oxyde ;  which  is  effected  equally  by  the  sulphurous  acid  and  sulphu- 
eted  hydrogen.  Here  this  metallic  acid  i«  disoxygenated  by  the  tartaric,  as  has  been  long 
nown.  The  tests  which  I  should  prefer,  are  the  nitrates  of  silver  and  baryta,  having 
irevioosly  added  so  much  nitric  acid  to  the  solution  of  the  suspected  chromate,  as  to  pre- 
sent the  precipitation  of  the  chromate  of  silver  or  baryta.  The  smallest  adulteration  by 
ulphates  or  muriates  will  thus  be  detected. 

CINNABAR;  the  native  red  sulphuret  of  mercury.  It  occurs  sometimes  crystallized 
n  rhomboids;  has  a  specific  gravity  varying  from  6*7  to  8*2;  a  flat  conchoidal  fracture ; 
i  fine  firnLined;  opaque;  has  an  adamantine  lustre,  and  a  color  passing  from  cochineal  to 
aby  red.  The  fibrous  and  earthy  cinnabar  has  a  scarlet  hue.  It  is  met  with  disscminat- 
d  in  smaller  or  larger  lumps  in  veins,  which  are  surrounded  by  a  black  clay,  and  is  asso- 
iiated  with  native  quicksilver,  amalgam,  with  iron-ore,  lead-glance,  blende,  copper-ore, 
cold,  &c.  Its  principal  localities  are  Almaden  in  Spain,  Idria  in  the  Schiefergebirge, 
(remnitz  and  Schemnitz  in  Hungary ;  in  Saxony,  Bavaria,  Bohemia,  Nassau,  China,  Ja- 
NUi,  Mexico,  Columbia,  Peru.  It  consists  of  two  primes  of  sulphur,  =  32*240,  com- 
lined  with  one  of  mercnry,  =  202,863 ;  or  in  100  |:>arts  of  12*7  sulphur  -|-  87*3  mercury, 
[t  is  the  most  prolific  ore  of  this  metal ;  and  is  easily  smelted  by  exposing  a  mixture  of  it 
vith  iron  or  lime  to  a  red  heat  in  retorts.  Factitious  cinnabar  is  called  in  commerce 
tTiL&Miuoir,  which  see,  as  also  Mercury. 

CINNAMON.  (Comie/te,  Fr. ;  Zimmt,  Germ.)  Is  the  inner  bark  of  the  laurus  cinna- 
momum,  a  handsome-looking  tree  which  grows  naturally  to  the  height  of  18  or  20  feet,  in 
lava,  Sumatra,  Ceylon,  and  other  islands  in  the  East  Indian  seas.  It  has  been  transplant- 
sd  to  the  Antilles,  particularly  Guadaloupe  and  Martinique,  as  well  as  Cayenne,  but  there 
1  prodaces  a  bark  of  very  inferior  value  to  the  Oriental. 

Cinnamon  is  gathered  twice  a  year,  but  not  till  aAer  the  tree  has  attained  to  a  certain 
ige  and  maturity.  The  young  twigs  yield  a  bark  of  better  quality  than  the  larger  branch- 
^  The  first  and  chief  harvest  takes  place  from  April  to  August ;  the  second,  from  No- 
rember  to  January.  AAer  having  selected  the  proper  trees,  all  the  branches  more  than 
three  years  old  are  cut  off;  the  epidermis  is  first  removed  with  a  two-edged  pruning  knife, 
then  a  longitudinal  incision  is  mode  through  the  whole  extent  of  the  bark,  and  lastly,  with 
Lbe  bluntest  part  of  the  knife,  the  true  bark  is  carefully  stripped  off  in  one  piece.  All 
these  pieces  of  bark  are  collected,  the  smaller  ones  are  laid  within  the  larger,  and  in  this 
itete  they  are  exposed  to  the  sun,  whereby  in  the  progress  of  drying,  they  become  rolled 
into  the  shape  of  a  quill.  These  convoluted  pieces  are  formed  into  oblong  bundles  of 
20  or  30  lbs.  weight,  which  are  placed  in  warehouses,  sorted  and  covered  with  mats. 
Qood  cinnamon  shcmld  be  as  thin  as  paper,  have  its  peculiar  aromatic  taste,  without 
boming  the  tongue,  and  leave  a  sweetish  flavor  in  the  mouth  The  broken  bits  of 
dnnamon  are  used  in  Ceylon  for  procuring  the  essential  oil  by  distillation.  445,367  lbs. 
of  cinnamon  were  imported  into  this  kingdom  in  1835,  of  which  16,604  only  were  r»> 
huoed  for  internal  consumption. 

CITRIC  ACID.  (Mide  ciiriquiy  Fr. ;  Citrownsaurtj  Germ.)  Scheele  first  procured 
this  acid  in  its  pure  state  from  lemon  juice,  by  the  following  process.  The  juice  put  into  a 
large  tub,  is  to  be  saturated  with  dry  chalk  in  fine  powder,  noting  carefully  the  ^antity 
employed.  The  citrate  of  lime  which  precipitates,  being  freed  from  the  supernatant  foul 
lit|oor,  is  to  be  well  washed  with  repeated  affusion  anddecantation  of  water.  For  every  10 
prands  of  chalk  employed,  nine  and  a  half  pounds  of  sulphuric  acid,  diluted  with  six 
times  its  weight  of  water,  ore  to  be  poured  while  warm  upon  the  citrate  of  lime,  and  well 
nbud  with  it.  At  the  end  of  twelve  hours,  or  even  sooner,  the  citrate  will  be  all  decom- 
losed,  dilute  citric  acid  will  float  above,  and  sulphate  of  lime  will  be  found  at  the  bottom, 
tlie  acid  being  drawn  off,  the  calcareous  sulphate  roust  be  thrown  on  a  canvass  filter, 
trained,  and  then  washed  with  water  to  abstract  the  whole  acid. 

The  eilric  acid  thus  obtained  may  be  evaporated  in  leaden  pans,  over  a  naked  fire,  till 
t  aeqnires  the  specific  gravity  1*13;  aAer  which  it  must  be  transferred  into  another  ves- 
idL,  evaporated  by  a  steam  or  water  bath  till  it  assumes  a  sirupy  aspect,  when  a  pellicle 
ippears  first  in  patches  and  then  over  the  whole  surfaoe.  This  point  must  be  watched 
irith  great  circumspection,  for  if  it  be  passed,  the  whole  acid  runs  a  risk  of  being  spoiled 
tiy  carbonization.  The  steam  or  hot  water  must  be  instantly  withdrawn,  and  the  concen- 
tiated  acid  put  into  a  cn'stalUzing  vessel  in  a  dry,  but  not  very  cold  apartment.  At  the 
end  of  four  days,  the  crystallization  will  be  complete.  The  crystals  must  be  drained,  re- 
dinolTed  in  a  small  portion  of  water,  the  solution  set  aside  to  settle  its  impurities,  then 
deeaated,  re-evaporated,  and  re-crystallized.  A  third  or  fourth  crystallization  may  be 
mecMsary  to  obtain  a  colorless  acid* 
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If  any  citrate  of  lime  be  left  undecomposed  by  the  snlphaiie  ftcM,  it  will  dissolve  in  the 
citric  acid,  and  obstruct  its  crystallization,  and  hence  it  will  be  safer  to  ase  the  slightoi 
excess  of  sulphuric  acid,  than  to  leave  any  citrate  undecomposed.  There  should  not  bov> 
ever  be  any  qreat  excess  of  sulphuric  acid.  If  there  be,  it  is  easily  detected  by  nitnlc 
of  barytes,  but  not  by  the  acetate  of  lead  as  prescribed  by  some  chemical  aathiMi;  1» 
cause  the  citrate  of  lead  is  not  yer>' soluble  in  the  nitric  acid,  and  mizhl  thus  beconfmud- 
ed  with  the  sulphate,  whereas  citrate  of  barj'tes  is  perfectly  soluble  in  that  test  adi 
Sometimes  a  little  nitric  acid  i<  added  with  ad\'antage  to  the  solution  oi  the  colored  eiyi* 
tals,  with  the  effect  of  whitening  them. 

Twenty  gallons  of  good  lemon  juice  will  afford  fully  ten  pounds  of  white  crystals  of 
citric  acid. 

Attempts  were  made,  both  in  the  West  Indies  and  Sicily,  to  convert  the  lime  and  lemos 
juice  into  citrate  of  lime,  but  they  seem  to  have  failed  through  the  difficulty  of  drying  tk 
citrate  for  shipment. 

The  crystals  of  citric  acid  are  oblique  prisms  with  four  faces,  terminated  by  dihednl 
summits,  inclined  at  acute  angles.  Their  specific  gravity  is  1*617.  They  are  Doahcr- 
able  in  the  air.  When  heated,  they  melt  in  their  water  of  cr}'stallization ;  and  at  A 
higher  heat,  they  are  decomposed.  They  contain  18  per  cent,  of  water,  of  which  one 
half  may  be  separated  in  a  dry  atmosphere,  at  about  lOio^  F.,  when  the  crystals  fall  iaio 
a  white  powder. 

Citric  acid  in  crystals  is  composed  by  my  analysis  of  carbon  35*8,  oxygen  59*7,  tad 
hydrogen  45;  results  which  differ  very  little  from  those  of  Dr.  Prout,  subsequently  ob> 
tainetl.  T  found  its  atomic  weight  to  be  8-375,  compared  to  oxygen  1,000.  I  cannot  s^ 
count  for  Berzelius's  statements  relative  to  the  composition  of  this  acid. 

Citric  acid  in  somewhat  crude  crystals  is  employed  with  much  advantage  in  calieiK 
printing.  If  adulterated  with  tartaric  acid,  the  fraud  may  be  delected  by  adding  potaik 
to  the  solution  of  the  acid,  which  will  occasion  n  precipitate  of  cream  of  tartar. 

CIVKT.  (Cir€it€y  ¥r.  ;  Zibeih,  Germ.)  This  substance  approaches  in  smell  to 
musk  and  ambergris ;  it  has  a  pale  yellow  color,  a  somewhat  acrid  taste,  a  consistence 
like  that  of  honey,  and  a  very  strong  aromatic  odor.  It  is  the  product  of  two  smsQ 
quadrupeds  of  the  genus  vivfrra  (r.  zibctha  and  p.  civetta),  of  which  the  one  inhsbiU 
Africa,  the  other  Asia.  They  arc  rrared  with  tenderness,  especially  in  Abyssinii. 
The  civet  is  contained  in  a  sac,  situated  lictween  the  anus  and  the  parts  of  generatioi 
in  either  sex.  The  animal  frees  itself  from  nn  excess  of  this  secretion  by  a  contractile 
movement  which  it  exercises  upon  the  sac,  when  the  civet  issues  in  a  vermicular  form, 
and  is  carefully  colkcled.  The  ncijroes  are  accustomed  to  increase  the  secretion  by  ini- 
tating  the  aniinul;  and  likewise  ininKluce  a  little  butter,  or  other  grease,  by  the  natorsl 
slit  in  the  ba?,  which  mixes  with  the  odoriferous  snb-tance,  and  increases  its  weight.  It 
is  employed  only  in  perfumery. 

According  to  M.  Boutron-Chalard,  it  contains  a  volatile  oil,  to  which  it  owes  id 
smell,  some  free  ammonia,  resin,  fat,  an  extractiform  matter,  and  mucus.  It  affords,  by 
calcination,  an  nsh,  in  which  there  are  some  carbonate  and  sulphate  of  potash,  phosphate 
of  lime,  and  oxyde  of  iron. 

CLAY  i^rzilCy  Fr. ;  Thon,  Germ.)  Ls  a  mixture  of  the  two  simple  earths,  alumina  and 
silica,  generally  ting^  with  iron.  Lime,  magnesia,  with  some  other  coloring  metallie 
oxydes,  are  ocefcion^y  present  in  small  quantities  in  certain  natural  clays. 

The  ditferent  varieties  of  clay  possess  the  following  common  characters : — 

1.  They  are  readily  diffusiblo  through  water,  and  are  capable  of  forming  with  it  a  plas- 
tic ductile  mass,  which  may  be  kneaded  by  hand  into  any  shape.  This  plasticity  exists, 
however,  in  very  different  degrees  in  the  different  clays. 

2.  They  concrete  into  a  hard  mass  upon  being  dried,  and  assume,  upon  exposure  to  the 
heat  of  ignition,  a  degree  of  hardness  sometimes  so  great  as  to  give  sparks  by  collision 
with  hanieneJ  steel.  In  this  state  they  are  no  longer  plastic  with  water,  even  when  pnl- 
verized.  Tolerably  pure  clays,  though  infusible  in  the  furnace,  become  readily  so  by  the 
admixture  of  lime,  iron,  manganese,  &c. 

3.  All  clays,  even  when  previously  freed  from  moisture,  shrink  in  the  fire  in  virtue  of 
the  reciprocal  affinity  of  their  particles ;  they  are  very  absorbent  of  water  in  their  dry 
state,  and  adhere  strongly  to  the  tongue. 

4.  Ochrey,  impure  clays,  emit  a  disagreeable  earthy  smell  when  breathed  upon. 
Bronsrniart  distributes  the  clays  fnto  : — 

1.  Fire-clays,  (argilcs  apyres,  Fr, ;  feuerfeste,  Germ.) 

2.  Fusible,  (schmclzbare.  Germ.) 

3.  Effervescing  (brausendt,  Germ.),  from  the  presence  of  chalk. 

4.  Ochrey  {ormuc^,  Fr.;  ockrige.  Germ.) 

Fire-clay  is  found  in  the  greatest  abundance  and  perfection  for  manufacturing  po* 
poses  in, 

\.  Slate- clay.    {Thon-schiFf»:r.  Germ,)   Its  color  is  gray  or  grayish-ydlow.  MMadn, 
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'  glimmeriiig  from  tAuxture  of  pmrticles  of  mica.  Fracture  slaty,  appnmchiiig 
Des  to  earthy.  Fragmeot9  tabular.  SoA,  sectile,  and  easily  broken.  Sp.gr. s:2-6. 
s  to  the  tongue,  and  breaks  down  in  water.  It  occurs  along  with  pit  coal ;  which 
Siate-day  is  ground,  and  reduced  into  a  paste  with  water,  for  making  fire-brieks ; 
ich  purpose  it  should  be  as  free  as  possible  from  lime  and  iron. 
'ontTnon  clay  or  /oam.— This  is  an  impure  coarse  pottery  clay,  mixed  with  iron  ochre, 
»sionally  with  mica.  It  has  many  of  the  external  characters  of  plastic  clay.  It 
to  the  touch;  and  forms,  with  water,  a  somewhat  tenacious  paste ;  but  is  in  gen- 
n  compact,  more  friable,  than  the  plastic  clays,  which  are  more  readily  didbsible 
nr.  It  does  not  possess  the  property  of  acquiring  in  water  that  commencement  of 
cency  which  the  purer  clays  exhibit.  Although  soA  to  the  touch,  the  common 
ants  uDctoosity,  properly  so  called.  The  best  example  of  this  argillaceous  sub- 
is  afibrded  in  the  London  clay  formation,  which  consists  chiefly  of  bluish  or  black* 
mostly  very  toui^h.  Those  of  its  strata  which  effervesce  with  acids  partake 
■atnre  of  marl.  This  clay  is  fusible  at  a  strong  heat,  in  consequence  of  the  iron 
le  which  it  contains.  It  is  employed  in  the  manufacture  of  bricks,  tUes,  and  coane 
ware. 

of/€r*«  day^  or  Plastic  clay, — This  species  is  compact,  soft,  or  even  unctuous  to 
eh,  and  polishes  with  the  pressure  of  the  finger;  it  forms,  with  water,  a  tenacious, 
ictile,  and  somewhat  translucent  paste.  It  is  infusible  in  a  porcelain  kiln,  but  a»- 
n  it  a  great  degree  of  hardness.  Werner  calls  it  pipe^clay.  Good  plastic  clay 
I  white,  or  if  gray  before,  becomes  white  in  the  porcelain  kiln. 
Keolocrical  position  of  the  plastic  clay  is  beneath  the  London  clay,  and  above  the 
iiich  covers  the  chalk  formation.  The  plastic  clay  of  the  Paris  basin  is  described 
islin?  of  two  beds  separated  by  a  bed  of  sand.  The  lower  bed  is  the  proper  plas- 
.   The  plastic  clay  of  Mondant,  near  the  forest  of  Dreux,  analyzed  by  Yauquelin, 

,  43-5 ;  alumina,  33*2;  lime,  0-35 ;  iron,  1 ;  water,  18. 

clay  is  employed  as  a  fire  clay  for  making  the  bungs  or  uggars,  or  coarse  earthen- 
ises,  in  which  china  ware  is  fired. 

pkistic  clay  of  Dorsetshire  and  Devonshire  supplies  the  great  Staffordshire  potte- 
t  is  gray  colored,  less  unctuous  than  that  of  Dreux,  and  consequently  more  friable, 
nes  white  in  the  pottery  kiln,  and  is  infusible  at  that  heat.  It  causes  no  efferves- 
fith  nitric  acid,  but  falls  down  quickly  in  it,  and  becomes  higher  colored.  Its  re- 
ness  allows  of  a  harder  elaze  being  applied  to  the  ware  formed  from  it  without 
the  heat  requisite  for  making  the  glaze  flow,  affecting  the  biscuit  either  in  shape 
"  Most  of  the  plastic  clays  of  France,"  says  M.  Brongniart,  «  employed  for 
le  ware,  have  the  disadvantage  of  reddening  a  little  in  a  somewhat  strong  heat ; 
Lce  it  becomes  necessary  to  coat  Ihem  with  a  soA  glaze,  fusible  by  means  of  excess 
at  a  low  heat,  in  order  to  preserve  the  white  appearance  of  the  biscuit.  Such  a 
■s  a  dull  aspect,  and  cracks  readily  into  innumerable  fissures  by  alternations  of 
cold  water."  Hence  one  reason  of  the  vast  inferiority  of  the  French  stone-ware 
'loglish. 

jrcelain  c/ay,  or  Kaolin  earth.-^The  Kaolins  possess  very  char^eristic  properties, 
'e  friaUe  in  the  hand,  meager  to  the  touch,  and  diflicultly  fonn  t  pasH  with  water, 
reed  from  the  coarse  and  evidently  foreign  particles  interspersed  through  them, 
!  at)solntely  infusible  in  the  porcelain  kiln,  and  retai(^  their  white  color  unaltered, 
uden  with  heat  like  other  clays,  and  perhaps  in  a  greater  degree ;  but  they  do  not 
an  equal  condensation  or  solidity,  at  least  when  they  are  perfectly  pure.  The 
in -general  appear  to  consist  of  alumina  and  silica  in  nearly  equal  proportions. 
'  the  Kaolin  clays  contain  some  spangles  of  mica,  which  betray  their  origin  from 
rated  granite. 

origin  may  be  regarded  as  one  of  their  most  distinctive  features.  Almost  all 
*elain  clays  are  evidently  derived  from  the  decomposition  of  the  feldspars,  gran- 
1  principally  those  rocks  of  feldspar  and  qoartz,  called  graphic  granite.  Hence, 
i  to  be  found  only  in  primitive  mountain  districts,  among  banks  or  blocks  of  gran- 
ling  thin  seams  or  partings  between  them.  In  the  same  partings,  quartz  and 
ear,  being  relics  of  the  granite ;  while  some  seams  of  Kaolin  retain  the  external 
feldspar. 

nost  valuable  Kaolins  have  been  found — 

hina  and  Japan.  The  specimens  imported  from  these  countries  appear  pretty 
but  are  more  unctuous  to  the  touch,  and  more  micaceous  than  the  porcelain  days 
ice. 

xony.  The  Kaolin  employed  in  the  porcelain  manufactories  of  that  country  has  a 
eUow  or  flesh  color,  which  disappears  in  the  kiln,  proving,  as  Wallerius  observed, 
I  tint  is  not  owing  to  any  metallic  matter. 

now.  at  Siiint-Yriex-la-Perchey  about  10  leagues  from  Limoges.  The  Kiolln 
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occurs  there  in  a  bed,  or  perhaps  a  vein  of  beds  of  granite,  or  rather  of  that  feldspar  lock 
called  Pe-tun-tse,  which  exists  here  in  every  stage  of  decomposition.  This  Kaolin  is  §et 
erally  white,  but  sometimes  a  little  yellowish,  with  hardly  any  mica.  It  is  meager  to  the 
touch,  and  some  beds  Include  large  grains  of  quartz,  called  pebbly  by  the  China  manufac- 
turers. This  variety,  when  ground,  affords,  without  the  addition  of  any  fosible  ingI^ 
dient,  a  very  transparent  porcelain. 

Near  Bnyonne.  A  Kaolin  possessing  the  lamellated  structure  of  feldspar,  in  masy 
places.   The  rock  containing  it  is  a  graphic  mnite  in  every  stage  of  decomposition. 

In  England,  in  the  county  of  Cornwall.  This  Kaolin  or  China  clay  b  very  white,  nd 
more  unctuous  to  the  touch  than  those  upon  the  continent  of  Europe  OKntioned  ahoic; 
Like  them  it  results  from  the  decomposition  of  the  feldspars  and  granites,  occnrringinthr 
middle  of  these  rocks.  Mr.  Wedgewood  found  it  to  contain  60  of  alumina  or  pnre  dsj, 
and  40  of  silica,  in  100  parts. 

Pnre  clay,  the  alumina  of  the  chemist,  is  absolutely  infusible ;  but  when  sn^ected  to 
the  fire  of  a  porcelain  kiln,  it  contracts  into  about  one  half  of  its  total  bulk.  It  most, 
however,  be  heated  very  cautiously,  otherwise  it  will  decrepitate  and  fly  in  pieces,  owing 
to  the  sudden  expansion  into  steam  of  the  water  combined  with  its  partidles^  which  ii 
retained  with  a  considemble  attractive  force.  It  possesses  little  plasticity,  ind 
consequently  aflbrds  a  very  short  paste,  which  is  apt  to  crack  when  knended  iato  t 
cake. 

It  is  not  only  infusible  by  itself,  but  it  will  not  dissolve  in  the  fusible  glasses;  mahiig 
them  merely  opaque.  If  either  lime  or  silica  be  added  separately  to  pure  day,  ia  laj 
proportion,  the  mixture  will  not  melt  in  the  most  violent  furnace ;  but  if  alamina,  Ubk^ 
and  silica  be  mixed  together,  the  whole  melts,  and  the  more  readily,  the  nearer  the  nix- 
ture  approaches  to  the  following  proportions : — 1  of  alumina,  1  of  lime,  and  3  of  sand.  II 
the  sand  be  increased  to  five  parts,  the  compound  becomes  infusible.  These  intereiliBg 
facts  show  the  reciprocal  action  of  those  earths  which  are  mixed  most  commonly  in  natore 
with  alumina. 

Iron  in  small  quantity,  but  in  a  state  not  precisely  determined,  though  probably  of  pn>> 
toxyde,  does  not  color  the  clays  till  they  are  subjected  to  a  powerfd  heat.  There  sre 
very  white  clays,  such  as  those  of  Montereau,  which  do  not  become  red  till  ealdaed  ia 
the  porcelain  kiln ;  the  oxyde  of  iron  contained  in  them,  which  colors  them  in  that  case, 
was  previously  imperceptible.  It  appears  from  this  circumstance,  that  the  clays  fit  fbr 
making  fine  white  stone  ware^  as  also  the  Kaolins  adapted  to  the  manufacture  of  porce^ 
lain,  are  very  rare. 

Iron,  in  larger  proportion,  usually  colors  the  clays  green  or  slate-blue,  before  they  ha« 
been  healed.  Such  clays,  exposed  to  the  action  of  lire,  become  yellow  or  red  according 
to  the  quantity  of  iron  which  they  contain.  When  the  iron  is  very  abundant,  it  renders 
the  clays  fufsible ;  but  a  little  lime  and  silica  must  also  be  present  for  this  effect.  The 
earthenware  made  with  these  ferruginous  clays  can  bear  but  a  moderate  baking  heat;  it 
is  thick,  porous,  and  possesses  the  advantage  merely  of  cheapness,  and  of  bearing  consid- 
erable alternations  of  temperature  without  breaking. 

Alumina  and  the  very  aluminous  natural  clays  which  possess  most  plasticity,  are  apt 
to  crack  in  drying,  or  to  lose  their  shape.  This  very  serious  defect  for  the  purposes  of  pot- 
tery is  rectified,  in  some  measure,  by  adding  to  that  earth  a  certain  quantity  of  saod  or 
silica.  Thus,  a  compound  is  formed  which  possesses  less  attraction  for  watet,  and  dries 
more  equably  from  the  openness  of  its  body.  The  principal  causes  of  the  distortion  of 
earthenware  vessels,  are  the  unequal  thickness  of  their  parts,  and  quicker  desiceatioo 
upon  one  side  than  another.  Hard  burnt  stone-ware  ground  to  powder,  and  incorporated 
with  clay,  answers  still  better  than  sand  for  counteracting  the  great  and  irregular  ooa- 
traction  which  natural  pottery  paste  is  apt  to  experience.  Such  ground  biscuit  is  called 
cement ;  and  its  grains  interspersed  through  the  ware,  may  be  reg^iided  at  so  many  mIo- 
tions  of  continuity,  which  arrest  the  fissures. 

The  preceding  observations  point  out  the  principles  of  those  arts  which  empkyy  day 
Tor  moulding  by  the  wheel,  and  baking  in  a  kiln.   See  Porcelain  and  Pottebt. 

CLOTH,  MANUFACTURE  OF.   See  Textile  Fabrics,  Weaving,  Wool. 

CLOTH-BINDING.  Nothing  places  in  so  striking  a  point  of  view  the  saperior 
taste,  judgment,  and  resources  of  London  tradesmen  over  those  of  the  rest  of  the  world, 
as  the  extensive  substitution  which  they  have  recently  made  of  embossed  silks  tad 
calicoes  for  leather  in  the  binding  of  books.  In  old  libraries,  doth-eoveied  boardf 
indeed  may  occasionally  be  seen,  but  they  have  the  meanest  aspect,  and  are  no  nor* 
to  be  compared  with  our  modem  cloth-binding,  than  the  jupcn  of  a  trull,  with  the  ballette 
dress  of  Taglioni.  The  silk  or  calico  may  be  dyed  of  any  shade  which  use  or  ftncynwy 
require,  impressed  with  gold  or  silver  foil  in  every  form,  and  variegated  by  onameoti 
in  relief,  copied  from  the  most  beautiful  productions  in  nature.  This  new  style  of 
binding  is  distinguished  not  more  for  its  durability,  elegance,  and  variety,  than  for  the 
economy  and  despatch  with  which  it  ushers  the  offspring  ^  intellect  into  the  wodd* 
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For  example,  should  a  house  eminent  in  this  line,  such  as  that  of  Westleys,  Fiiar- 
•treet,  Doctors'-commons,  receive  5000  volumes  from  Messrs.  Longman  k,  Co.  upon 
Monday  morning,  they  can  have  them  all  ready  for  publication,  within  the  incredibly 
short  period  of  two  days ;  being  far  sooner  than  they  could  have  rudely  boarded  them 
vpon  the  former  plan.  The  reduction  of  price  is  not  the  least  advantage  incident  to  the 
new  method,  amounting  to  fully  50  per  cent,  upon  that  with  leather. 

The  dyed  cloth,  being  cut  by  a  pattern  to  the  size  suited  to  the  volume,  is  passed 
rapidly  through  a  roller  press,  between  engraved  cylinders  of  hard  steel,  whereby  it  re- 
ceives at  once  the  impress  characteristic  of  the  back  and  the  sides,  along  with  embossed 
des^ns  over  the  surface  in  sharp  relief.  The  cover,  thus  rapidly  fashioned,  is  as  rapidly 
applied  by  paste  to  the  stitched  and  pressed  volume ;  no  time  being  lost  in  mutual  ad- 
justments ;  since  the  steel  rollers  turn  off  the  former,  of  a  shape  precisely  adapted  to  the 
latter.  Hard  glazed  and  varnished  calico  is  moreover  much  less  an  object  ot  depredsr 
tion  to  moths,  and  other  insects,  than  ordinary  leather  has  been  found  to  be. 

COBALT.  This  metal,  being  difficult  to  reduce  fVom  its  ores,  is  therefore  very  little 
known,  and  has  not  hitherto  been  employed  in  its  simple  state  in  any  of  the  arts ;  but  its 
oscyde  has  been  extensively  used  on  account  of  the  rich  blue  color  which  it  imparts  to 
glass,  and  the  glaze  of  porcelain  and  stone-ware.  The  principal  ores  of  cobalt  are 
those  designated  by  mineralogists  under  the  names  of  arsenical  cobalt  and  gray  cobalt. 
The  first  contains,  in  addition  to  cobalt,  some  arsenic,  iron,  nickel,  and  occasionally  sil* 
Ter,  &c.  The  other  is  a  compound  of  cobalt  with  iron,  aisenic,  sulphur,  and  nickel. 
Among  the  gray  cobalts,  the  ore  most  esteemed  for  its  purity  is  that  of  Tunaberg  in 
Sweden.  It  is  oflen  in  regular  cry<ital$,  which  possess  the  lustre  and  color  of  polished 
slecl.  The  specific  gravity  of  cobalt  pyrites  is  6  36  to  4-66.  The  Tunaberg  variety 
afforded  to  Klaproth,  cobalt,  44 ;  arsenic,  55*5 ;  sulphur,  0*5 ;  so  that  it  is  an  arseni- 
aret.  Others,  however,  contain  much  sulphur  as  well  as  iron.  It  imparts  at  the  blowpipe 
a  blue  color  to  borax  and  other  fluxes,  and  gives  out  arsenical  fumes. 

The  ore  being  picked,  to  separate  its  concomitant  stony  matter,  is  pounded  fine 
and  passed  through  a  sieve ;  and  is  also  occasionally  washed.  The  powder  is  then 
spread  on  the  sole  of  a  reverberatory  furnace,  the  flue  of  which  leads  into  a  long  hori- 
zontal chimney.  Here  it  is  exposed  to  calcination  for  several  hours,  to  expel  the  sul- 
phur and  arsenic  that  may  be  present ;  the  former  burning  away  in  sulphurous  acid  gas, 
the  latter  being  condensed  into  the  white  oxydc  or  arsenious  acid,  whence  chiefly  the 
market  is  supplied  with  this  article.  This  calcining  process  can  never  disengage  the 
whole  of  these  volatile  ingredients,  and  there  is  therefore  a  point  beyond  which  it  is 
aseless  to  push  it ;  but  the  small  quantities  that  remain  are  not  injurious  to  the  subse- 
qaent  operations.  The  ruasled  ore  is  sifted  anew ;  reduced  to  a  very  fine  powder,  and 
tiien  mixed  with  2  or  3  parts  of  very  pure  silicious  sand,  to  be  converted  into  what  is 
called  zaffre.  With  this  product  glasses  are  generally  colored  blue,  as  well  as  enam- 
els and  pottery  glaze.  In  the  works  where  cobalt  ores  are  treated,  a  blue  glass  is  pre- 
pared with  the  zaffre,  which  is  well  known  under  the  name  of  smalt  or  azure  blue. 
This  azure  is  made  by  adding  to  the  zaflire  2  or  3  parts  of  potash,  according  to  its  rich- 
ness in  cobalt,  and  melting  the  mixture  in  earthen  crucibles.  The  fused  mass  is 
thrown  out  while  hot  into  water ;  and  is  afterwards  triturated  and  levigated  in  mills 
mounted  for  the  purpose.  There  remains  at  the  bottom  of  the  earthen  pot  a  metallic 
himp^  which  contains  a  little  cobalt,  much  nickel,  arsenic,  iron,  &e.    This  is  called 

SfWiM. 

As  it  is  the  oxyde  of  cobalt  which  has  the  coloring  quality,  the  calcination  ser\-es  the 
pojrpose  of  oxydizement,  as  well  ns  of  expelling  the  foreign  matters. 

A  finer  cobalt  oxyde  is  procured  for  painting  upon  hard  porcelain,  by  boiling  the  cobalt 
ore  in  nitric  acid,  which  converts  the  arsenic  into  an  acid,  and  combines  it  with  the  dif- 
ferent metals  present  in  the  mineral.  These  arseniates,  being  unequally  soluble  in  nitric 
■dd,  may  be  separated  in  succession  by  a  cautious  addition  of  carbonate  of  soda  or  pot- 
ash ;  and  the  arseniate  of  cobalt  as  the  most  soluble  remains  unaffected.  It  has  a  rose 
color,  and  is  easily  distinguishable,  whence  the  precipitation  may  be  stopped  at  the  proper 
point.  The  above  solution  should  be  much  dQuted,  and  the  alkali  should  be  cautiously 
added,  with  frequent  agitation. 

The  cobalt  ores,  rich  in  nickel,  are  exposed  to  slow  oxydizement  in  the  air,  whereby 
Uie  iron,  cobalt,  arsenic,  and  sulphur  get  oxygenated  by  the  atmospheric  moisture,  but 
the  nidcel  continues  in  the  metallic  state.  This  action  of  the  weather  must  not  be 
eitended  beyond  a  year,  otherwise  the  nickel  becomes  affected,  and  injures  the  cobalt 
hlue.  The  ore  hereby  increases  in  weight,  from  8  to  10  per  cent  Fig.  291  is  a 
longitudinal  section  of  the  furnace :  fig,  a  horizontal  section  upon  a  level  with  the 
aole  of  the  hearth.  It  is  constructed  for  wood  fuel,  and  the  hearth  is  composed  of 
ftre-bricks  or  tilep.  The  vapors  and  gases  disengaged  in  the  roasting  pass  off 
tlixoagh  the  flues  a  a,  into  the  channels  b  6,  and  thence  by  c  into  the  common  vent,  or 
poisoa  chamber.    See  the  representation  of  the  poison  tower  of  Altenberg,  under  the 
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aitkle  Arsewic.  The  fines  are  deued  out  by 
tioos  in  the  bridc-work  of  the  dumneys. 


of  openmgB  left  at  snitaUe  S!tG> 

The  aznre  manufacture  is  carried 
on  chiefly  im  winter,  in  order  that 
the  external  cold  may  favor  ihft 
more  complete  condensation  of  the 
acids  of  arsenic.  From  3  to  5  cwt 
of  Schlich  (pasty  ore)  are  roasted 
at  one  operation,  and  its  bed  is  laid 
from  5  to  6  inches  thick.  After  two 
hours,  it  must  be  turned  over;  aad 
the  stirring  must  be  repeated  every 
half  hour,  till  no  more  arsenic  is 
observed  to  exhale.  The  proccM 
being  then  finished,  the  ore  most  be 
raked  out  of  the  fumaecy  and  ai- 
other  charge  introduced. 

The  duration  of  ftie  roasting  ii 
regulated  partly  by  the  propoitjoa 
of  sulphur  and  arsenic  present,  asd 
partly  by  the  amount  of  niekd; 
which  must  not  be  suffered  to  b^ 
come  oxydized,  lest  it  should  spoil 
the  color  of  the  smalt.  The  latter 
ores  should  be  but  slightly  roasted, 
BO  as  to  convert  the  nickd  into  tptitt. 
The  roasted  ore  must  be  sifted  is  t 
safety  apparatus.  The  loss  of  weight 
in  the  roasting  amounts,  upon  the 
average,  to  36  per  cent.  The  roasted 
ore  has  a  brownish  gray  hue,  and  is 
called  tafflor  in  German,  and  is  dis- 
tributed into  different  sorts.  F  F  S 
is  the  finest  tafre ;  F  S,  fine ;  0  S; 
ordinary ;  and  M  S,  middling.  These 
varieties  proceed  from  various  mix- 
tures of  the  calcined  ores.  The 
roasted  ore  is  ground  up  along  with 
sand,  elatriatcJl,  and,  when  dry,  b 
called  zaffre.  It  is  then  mixed  with 
a  sufficient  quantity  of  potash  for 
converting  the  mixture  into  a  glass. 

Figs,  293  and  294,  represent  a 
round  smalt  furnace,  in  two  vertiesi 
sections,  at  right  angles  to  each 
other.  The  fire-place  is  vaulted  or 
arched  ;  the  flame  orifice  a,  is  in  the 
middle  of  the  furnace ;  b  is  the  feed 
hole  ;  c,  a  tunnel  which  serves  as  aa 
ash-pit,  and  to  supply  air ;  d,  open- 
ings through  which  the  air  arrives 
at  the  fuel,  the  wood  being  placed 
upon  the  vault;  e,  knee  holes  fbr 
taking  out  the  scorioe  from  the  pot 
bottoms ;  /,  working  orifices,  with 
cast-iron  plates  g,  in  front  of  them. 
Under  these  are  the  additional  out- 
lets  h.  The  smoke  and  flame  pass 
off  through  the  orifices  i,  which  ter- 
minate in  expanded  fines,  where 
sand  may  be  calcined  or  the  wood 
may  be  baked.  Eight  hours  are 
sufficient  for  one  vitri^ag  operatioB, 
during  which  the  glass  is  stirred 
about  several  times  in  the  earthen  melting  pots. 

The  preparation  of  the  different  shades  of  blue  glass  is  considered  a  secret  in  the 
smelting  works ;  and  marked  with  the  following  letters  : — F  F  F  C,  the  fiftest ;  F 
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fine;  M  C,  xniddliDff;  O  C,  ordinary.  A  melting  furnace,  containing  8  pots  ofglasi, 
prodaees  in  24  hoars,  from  24  cwts.  of  the  mixture,  19  cwts.  of  blue  glass ;  and  from 
4  to  I  ewt.  of  scoriBB  or  speiss  (tpein).  The  composition  «peise,  according  to  Berthier, 
is — nickel,  49-0;  arsenic,  37'8;  sulphur,  7'8;  copper,  1'6;  cobalt,  3*2  in  100.  Nickel, 
arsenic,  and  sulphur,  are  its  essential  constituents ;  the  rest  are  accidental,  and  oflen 
absent  The  freer  the  cobalt  ore  is  from  foreign  metals,  the  finer  is  the  color,  and  the 
deeper  is  the  shade ;  paler  tints  are  easily  obtained  by  dilution  with  more  glass.  The 
presence  of  nickel  gives  a  violet  tone. 

The  production  of  smalt  in  the  Prussian  states  amounted,  in  1830,  to  7452)  cwts. ; 
and  in  Saxony  to  9697  cwts. ;  in  1825,  to  12,310  cwts. 

One  process  for  making  fine  smalt  has  been  given  under  the  title  Azuns ;  I  shall  in- 
troduce another  somewhat  different  here. 

The  ore  of  cobalt  is  to  be  reduced  to  very  fine  powder,  and  then  roasted  with  mnch 
care.  One  part,  by  weight,  is  next  to  be  introduced,  in  successive  small  portions,  into 
an  iron  vessel,  in  which  three  parts  of  acid  sulphate  of  potassa  have  been  previonslr 
fusedy  at  a  moderate  temperature.  The  mixture,  at  first  fluid,  soon  becomes  thick  ana 
firm,  when  the  fire  is  to  be  increased,  until  the  mass  is  in  perfect  fusion,  and  all 
white  vapors  have  ceased.  It  is  then  to  be  taken  out  of  the  crucible  with  an  iron 
ladle,  the  crucible  is  to  be  recharged  with  acid  sulphate  of  potash,  and  the  operation 
continued  as  before,  until  the  vessel  is  useless.  The  fused  mass  contains  sulphate  of 
cobalt,  neutral  sulphate  of  potassa,  and  arseniale  of  iron,  with  a  little  cobalt.  It  is  to 
be  pnlverized,  and  builcd  in  an  iron  vessel,  with  water,  as  long  as  the  powder  continues 
rough  to  the  touch.  The  white,  or  yellowish  white  residue,  may  be  allowed  to  separate 
from  the  solution,  either  by  deposition  or  filtration.  Carbonate  of  potassa,  free  from 
silica,  is  then  to  be  added  to  the  solution,  and  the  carbonate  of  cobali  thrown  down  ii 
to  be  separated  and  well  washed,  if  possible,  with  warm  water ;  the  same  water  may  be 
used  to  wash  other  portions  of  the  fused  mass.  The  filtered  liquid  which  first  passes 
is  a  saturated  solution  of  sulphate  of  potassa :  being  evaporated  to  dryness  in  an  iron  ves- 
sel, it  may  be  reconverted  into  acid  sulphate  by  fusing  it  with  one  half  its  weight  of 
snlphnric  acid :  thi?  salt  is  then  as  useful  as  at  first. 

The  oxyde  of  cobalt  thus  obtained  contains  no  nickel ;  so  little  oxyde  of  iron  is  pre- 
sent, that  infusion  of  galls  does  not  show  its  presence ;  it  may  contain  a  little  copper,  if 
that  metal  exists  in  the  ore,  but  it  is  easily  separated  by  the  known  methods.  Sometimes 
snlphnreted  hydrogen  will  produce  a  yellow  brown  precipitate  in  the  solution  of  the 
fused  mass ;  this,  however,  contains  no  arsenic,  but  is  either  sulphuret  of  antimony  or 
bismntfa,  or  a  mixture  of  both. 

It  has  been  found  advantageous  to  add  to  the  fused  mass  sulphate  of  iron,  calcined  to 
redness,  and  one  tenth  of  nitre  when  the  residue  is  arseniate  of  iron,  and  contains  no 
arseniale  of  cobalt.  There  is  then  no  occasion  to  act  upon  the  residue  a  second  time  for 
the  cobalt  in  it. 

This  process  is  founded  on  the  circumstances  that  the  sulphate  of  cobalt  is  not  de- 
composed by  a  red  heat,  and  that  the  arseniates  of  iron  and  cobalt  are  insoluble  in 
all  neutral  liquids.  It  is  quite  evident,  that,  to  obtain  a  perfect  result,  the  excess 
of  2Mid  in  the  bisulpliate  of  potassa  must  be  completely  driven  off  by  the  red  heat 
applied. 

110,646  lbs.  of  smalts  were  imported  into  the  United  Kingdom  in  1835,  and  96,949 
were  retained  for  home  consumption.    In  1834,  only  16,223  lbs.  were  retained. 

In  1835,  322,562  lbs.  of  zatfres  were  imported,  and  336,824  are  stated  to  have  been 
retained,  which  is  obviously  an  error.   284,000  lbs.  were  retained  in  1834. 

COCCULUS  IXDICUS,  or  Indian  berry,  is  the  fruit  of  the  Menispermum  Coceuhuy 
a  large  tree,  which  grows  upon  the  coasts  of  Malabar,  Ceylon,  9cc.  The  fruit  is 
UackLh,  and  of  the  size  of  a  large  pea.  It  owes  its  narcotic  and  poisonous  qualities  to 
the  Tegeto-alkaline  chemical  principle  called  pierotoxia,  of  which  it  contains  about  one 
fiilieth  part  of  its  weight.  It  is  sometimes  thrown  into  waters  to  intoxicate  or  kill  fishes; 
and  it  is  said  to  have  been  employed  to  increase  the  inebriating  qualities  of  ale  or  beer. 
Its  use  for  this  purpose  is  prohibited  by  act  of  parliament,  under  a  penalty  of  200/.  upon 
the  brewer,  and  500/.  ui>on  the  sHler  of  the  drug. 

COCHINEAL  was  taken  in  Europe  at  first  for  a  seed,  but  was  proved  by  the  obser- 
vations of  Lewenhoeck  to  be  an  insect,  being  the  female  of  that  species  of  shield-lonse, 
or  cocctUy  discovered  in  Mexico,  so  long  ago  as  1518.  It  is  brought  to  us  from  Mexico, 
where  the  animal  lives  upon  the  cactus  opuntia  or  nopal.  Two  sorts  of  cochineal 
are  gathered— the  wild,  from  the  woods,  called  by  the  Spanish  name  grana  tilveatra; 
vid  the  cultivated,  or  the  grana  fina,  termed  also  mesfequcy  from  the  name  of  a  Mexican 
province.  The  first  is  smaller,  and  covered  with  a  cottony  down,  which  increases  its 
Inilk  with  a  matter  useless  in  dyeing ;  it  yields,  therefore,  in  equal  weight,  much  less 
color,  ud  is  of  inferior  price  to  that  of  the  fine  cochineal.  But  these  disadvantages 
ve  compensated  in  some  measure  to  the  growers  by  its  being  reared  more  easily,  and 
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less  expensively ;  partly  by  the  effect  of  its  down,  which  enables  it  better  to  resist  Faias 
and  storms. 

The  wild  cochineal,  when  it  is  bred  upon  the  field  nopal,  loses  in  part  the  tenacity  and 
quantity  of  its  cotton,  and  acquires  a  size  double  of  what  it  has  on  the  wild  opantias. 
It  may,  therefore,  be  hoped  that  it  will  be  improved  by  persevering  care  in  the  rearing  of 
it,  when  it  will  approach  more  and  more  to  fine  cochineal. 

The  fine  cochineal,  when  well  dried  and  well  preserved,  should  have  a  gray  color, 
bordering  on  purple.  The  gray  is  owing  to  the  powder,  which  natnraDy  eorers  it,  and 
of  which  a  little  adheres ;  as  also  to  a  waxy  fat.  The  purple  shade  arises  from  the 
color  extracted  by  the  water  in  which  they  were  killed.  It  is  wrinkled  with  paraHel  fur- 
rows across  its  back,  which  are  intersected  in  the  middle  by  a  longitudinal  one  i  heaee, 
when  viewed  by  a  magnifier,  or  even  a  sharp  naked  eye,  especially  aAer  being  swolica 
by  soaking  for  a  little  in  water,  it  is  easily  distinguished  from  the  factitionsy  smooth, 
glistening,  black  grains,  of  no  value,  called  East  India  cochineal,  with  which  it  is  often 
shamefully  adulterated  by  certain  London  merchants.  The  genuine  cochineal  has  the 
shape  of  an  egg,  bisected  through  its  long  axis,  or  of  a  tortoise,  being  rounded  like  a 
shield  upon  the  back,  flat  upon  the  belly,  and  without  wings. 

These  female  insects  are  gathered  off  the  leaves  of  the  nopal  plant,  after  it  hai  ripened 
its  fruit,  a  few  only  being  left  for  brood,  and  are  killed,  either  by  a  momentary  immer- 
sion in  boiling  water,  by  dr^'ing  upon  heated  plates,  or  in  ovens :  the  last  become  of  aa 
ash-gray  color,  constituting  the  silver  cochineal,  or  jaspeada ;  the  second  are  blarkisli 
called  negra,  and  are  most  esteemed,  being  probably  driest ;  the  first  are  reddish  brown, 
and  reckoned  inferior  to  the  other  two.  The  dry  cochineal  being  sifted,  the  dust,  with 
the  imperfect  insects  and  fragments  which  pass  through,  are  sold  under  the  name  of 
granillo. 

Cochineal  keeps  for  a  long  time  in  a  dry  place.  Hellot  says  that  he  has  tried  some 
130  years  old,  which  produced  the  same  effect  as  new  cochineal. 

We  are  indebted  to  MM.  Pelletier  and  Cnventou  for  a  chemical  investigatioa  of  eochi- 
neal,  in  which  its  coloring  matter  was  skilfully  eliminated. 

Purified  sulphuric  ether  acquired  by  digestion  with  it  a  golden  yellow  color,  amounting 
by  Dr.  John  to  one  tenth  of  the  weight  of  the  insect.  This  infasion  left,  on  evaporation, 
a  fatty  wax  of  the  same  color. 

Cochineal,  exhausted  by  ether,  was  treated  with  alcohol  at  40°  B.  After  30  infusions 
in  the  digester  of  M.  Chevreul,  the  cochineal  continued  to  retain  color,  although  the 
alcohol  had  ceased  to  have  any  effect  on  it.  The  first  alcoholic  liquors  were  of  a  red 
verging  on  yellow.  On  cooling,  they  let  fall  n  granular  matter.  By  spontaneous  evapo- 
ration, this  matter,  of  n  fine  red  color,  separated,  assuming  more  of  the  crystalline  tp- 
pearance.  These  species  of  crystals  dissolved  entirely  in  water,  which  they  tinged  oft 
yellowish-red. 

This  matter  has  a  very  brilliant  purple-red  color ;  it  adheres  strongly  to  the  sides  of 
the  vessels ;  it  has  a  granular  and  somewhat  crystalline  aspect,  very  different,  however, 
from  those  compound  crystals  alluded  to  above  ;  it  is  not  altered  by  the  air,  nor  does  it 
sensibly  attract  moisture.  Exposed  to  the  action  of  heat,  it  melts  at  about  the  fiftieth 
degree  centigrade  (122°  Fahr.).  At  a  higher  temperature  it  swells  up,  and  is  decom- 
I>osed  with  the  production  of  carbureted  hydrogen,  much  oil,  and  a  small  quantity  of 
water,  very  slightly  acidulous.   No  trace  of  ammonia  was  found  in  these  products. 

Tlie  coloring  principle  of  cochineal  is  very  soluble  in  water.  By  evaporation,  the 
liquid  assumes  the  appearance  of  sirup,  but  never  yields  crystals.  It  requires  of  this 
matter  a  portion  almost  imponderable  to  give  a  perceptible  tinge  of  bright  purplish  red  to 
a  large  body  of  water.  Alcohol  dissolves  this  coloring  substance,  but,  as  we  have  il- 
ready  stated,  the  more  highly  il  is  rectified  the  less  of  it  does  it  dissolve.  Sulphuric  ether 
does  not  dissolve  the  coloring  principle  of  cochineal ;  but  weak  acids  do,  possibly  owing 
to  their  water  of  dilution.  No  acid  precipitates  it  in  its  pure  state.  This  coloring  prin- 
ciple, however,  appears  to  be  precipitable  by  all  the  acids,  when  it  is  accompanied  by  the 
animal  matter  of  the  cochineal. 

The  affinity  of  alumina  for  the  coloring  matter  is  very  remarkable.  When  that  earth, 
newly  precipitated,  is  put  into  a  watery  solution  of  the  coloring  principle,  this  is  ima/t- 
diately  seized  by  the  alumina.  The  water  becomes  colorless,  and  a  fine  red  lake  is  ob- 
tained, if  we  operate  at  the  temperature  of  the  atmosphere ;  but  if  the  liquor  has  been 
hot,  the  color  passes  to  crimson,  and  the  shade  becomes  more  and  more  violet,  accoid- 
injj  to  the  elevation  of  the  temperature,  and  the  continuance  of  the  ebullition. 

The  salts  of  tin  exercise  upon  the  coloring  matter  of  cochineal  a  remarkable  actioB* 
The  muriatic  proloxyde  of  tin  forms  a  very  abundant  violet  precipitate  in  the  liquid* 
This  precipitate  verges  on  crimson,  if  the  salt  contains  an  excess  of  acid.  The  murittfc 
deutoxyde  of  tin  produces  no  precipitate,  but  changes  the  color  to  scarlet-red.  If  gdsti- 
nous  alumina  be  now  added,  we  obtain  a  fine  red  precipitate,  which  does  not  pass  to 
crimson  by  boiling. 
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To  this  coloriAg  principle  the  name  carminium  has  been  given,  because  it  forms  the 
basis  of  the  pigment  called  carmine.  \ 

The  process  followed  in  Germany  for  making  carmine,  which  consists  in  pouring  a 
certain  quantity  of  solution  of  alum  into  a  decoction  of  cochineal,  is  the  most  simple  of 
all,  and  affords  an  explanation  of  the  formation  of  carmine,  which  is  merely  the  carml- 
niom  and  the  animal  matter  precipitated  by  the  excess  of  acid  in  the  salt,  which  has  taken 
down  with  it  a  small  quantity  of  alumina;  though  it  appears  that  alumina  ou^ht  not  to 
be  regarded  as  essential  to  the  formation  of  carmine.  In  fact,  by  another  process,  called 
by  the  name  of  Madame  Cenette  of  Amstenlam,  the  carmine  is  thrown  down,  by  pouring 
into  the  decoction  of  cochineal  a  certain  quantity  of  the  binoxalate  of  potash.  When  car- 
bonate of  soda  is  added,  then  carminatcd  lake  also  falls  down.  That  carmine  is  a  triple 
compound  of  animal  matter,  carminium,  and  an  acid,  appears  from  the  circumstance  that 
liquors  which  have  afforded  their  carmine,  when  a  somewhat  strong  acid  is  poured  into 
them,  yield  a  new  formation  of  carmine  by  the  precipitation  of  the  last  portions  of  the 
animal  matter.  But  whenever  the  whole  animal  matter  is  thrown  down,  the  decoctions, 
althongh  still  much  charged  with  the  coloring  principle,  can  aiford  no  more  carmine. 
Such  decoctions  may  be  usefully  employed  to  make  carminated  lakes,  saturatini?  the 
acid  with  a  slight  excess  of  alkali,  and  addini;  gelatinous  alumina.  The  precipitates 
obtained  on  adding  acids  to  the  alkaline  decoctions  of  cochineal,  are  therefore  true 
carmines,  since  they  do  not  contain  alumina ;  but  the  small  quantity  of  alumina  which 
is  thrown  down  by  alum  in  the  manufacture  of  carmine,  augments  its  bulk  and  weight. 
It  gives,  besides,  a  greater  lustre  to  the  color,  even  though  diluting  and  Weakening  it  a 
little. 

The  carmines  found  in  the  shops  of  Paris  were  analyzed,  and  yielded  the  same  pro- 
ducts. They  are  decomposed  by  the  action  of  heat,  with  the  diffusion  at  first  of  a  very 
strong  smell  of  burning  animal  matter,  and  then  of  sulphur.  A  white  powder  remained, 
amounting  to  about  one  tenth  of  the  matter  employed,  and  which  was  found  to  be  alu- 
mina. Other  quantities  of  carmine  were  treated  with  a  solution  of  caustic  potash,  which 
completely  dissolved  them,  with  the  exception  of  a  beautiful  red  powder,  not  acted  on  by 
potash  and  concentrated  acids,  and  which  was  recognised  to  be  red  sulphuret  of  mercury 
or  vermilion.  This  matter,  evidently  foreign  to  the  carmine,  appears  to  have  been  ad- 
ded in  order  to  increase  its  weight. 

The  preceding  observations  and  experiments  seem  calculated  to  throw  some  light  on 
the  art  of  dyeing  scarlet  and  crimson.  The  former  is  effected  by  employing  a  cochineal 
bath,  to  which  there  have  been  added,  in  determinate  proportions,  acidulous  tartrate  of 
potash,  and  nitro-muriatic  deutoxyde  of  tin.  The  effect  of  these  two  salts  is  now  well 
known.  The  former,  in  consequence  of  its  excess  of  acid,  tends  to  redden  the  color, 
and  to  precipitate  it  along  with  the  animal  matter;  the  latter  acts  in  the  same  manner, 
at  first  by  its  excess  of  acid,  then  by  the  oxyde  of  tin  which  falls  down  also  with  the 
carmine  and  animal  matter,  and  is  fixed  on  the  wool,  with  which  it  has  of  itself  a  strong 
tendency  to  combine.  MM.  Pelletier  and  Cavenlou  remark,  that  "  to  ahtain  a  beautiful 
shade,  the  muriate  of  tin  ou^ht  to  be  entirely  at  the  maximum  of  oxydizement ;  and  it 
is  in  reality  in  this  state  that  it  mu^^t  exist  in  the  solution  of  tin  prepared  according  to 
the  proportions  prescribed  in  M.  Berthollet's  treatise  on  dyeing." 

We  hence  see  why,  in  dyeing  scarlet,  the  emplojTnent  of  alum  is  carefully  avoided,  as 
this  salt  tends  to  convert  the  shade  to  a  crimson.  The  presence  of  an  alkali  would  seem 
less  to  be  feared.  The  alkali  would  occasion,  no  doubt,  a  crimson-colored  bath ;  but  it 
would  be  easy  in  this  case  to  restore  the  color,  by  using  a  large  quantity  of  tartar.  We 
should,  therefore,  procure  the  advantage  of  having  a  bath  better  charged  with  coloring 
matter  and  animal  substance.    It  is  for  experience  on  the  large  scale  to  determine  this 

e>int.  As  to  the  earthy  salts,  they  must  be  carefully  avoided ;  and  if  the  waters  be  se- 
nitish,  it  would  be  a  reason  for  adding  a  little  alkali. 

To  obtain  crimson,  it  is  sufficient,  as  we  know,  to  add  alum  to  the  cochineal  bath,  or 
to  boil  the  scarlet  cloth  in  alum  water.  It  is  also  proper  to  diminish  the  dose  of  the  salt 
of  tin,  since  it  is  found  to  counteract  the  action  of  the  alum. 

The  alkalis  ought  to  be  rejected  as  a  means  of  changing  scarlet  to  crimson.  In  fact, 
crimsons  by  this  process  cannot  be  permanent  colors,  as  they  pass  into  reds  by  the  action 
of  acids. 

According  to  M.  Von  Grotthuss,  carmine  may  be  deprived  of  its  eolden  shade  by 
ammonia,  and  subsequent  treatment  with  acetic  acid  and  alcohol.  Since  this  fact  was 
made  known,  M.  Herschel,  color  maker  at  Halle,  has  prepared  a  most  beautiful 
carmine. 

The  officers  of  Her  Majesty's  Customs  have  lately  detected  a  system  of  adulterating 
cochineal,  which  has  been  practised  for  many  years  upon  a  prodigious  scale  by  a  mercan- 
tile house  in  London.  I  have  analyzed  about  100  samples  of  such  cochineal,  from  which 
it  appears  that  the  genuine  article  is  moistened  with  gum-water,  agitated  in  a  box  or 
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leather  bag,  first,  with  sulphate  of  barjta  in  fine  powder,  aftenrftrds  with  bone  or  ifon 
black,  to  give  it  the  appearance  of  negra  cochineal,  and  then  dried.  By  this  means  about 
12  per  cent,  of  the  worthless  heavy  spar  is  sold  at  the  price  of  cochineal,  to  the  enrich- 
ment of  the  sophisticators,  and  the  disgrace  and  injury  of  British  trade  and  manoise- 
tures. 

The  specific  gravity  of  genuine  cochineal  is  1'25;  that  of  the  cochineal  loaded  with 
the  bar^'tic  sulphate  1*35.  It  was  taken  in  oil  of  turpentine  and  reduced  to  water  u 
unity,  because  the  waxy  fat  of  the  insects  prevents  the  intimate  contact  of  the  latter 
liquid  with  them,  and  the  ready  expulsion  cf  air  from  their  wrinkled  surface.  They  are 
not  at  all  acted  upon  by  the  oil,  but  are  rapidly  altered  by  water,  especially  when  Ihej 
have  been  {^umiiu'd  and  barytified. 

The  quantities  of  cochineal  im(K>rted  into  the  United  Kingdom  in  the  following  yean 
were :  — 

1827.      1<^28.     1829.      1830.      1831.      1832.      1833.      1834.  1835. 
Lbs.   320,722  258,032  2S8,45G  316,589  244,371  388,478  359,381  410,387  418,320 

The  quantities  re-exported  were:  — 

145,756  158,109  153,738  100,059  168,329  138,270  130,732  265,490  352/ttS 

Humboldt  states  that  so  Ion?  ago  as  the  year  1736,  there  was  imported  into  Europe 
from  South  America  cochineal  to  the  value  of  15  millions  of  francs.  Its  high  price  hsd 
for  a  loni;  time  induced  dyers  to  look  out  for  cheaper  substitutes  in  dyeing  red,  and  since 
science  has  introduced  so  many  improvements  in  tinctorial  processes,  both  madder  aal 
lac  have  been  made  to  supersede  cochineal  to  a  very  great  extent.  Its  price  has,  in  cos- 
sequence  of  this  substitution,  as  well  as  from  more  successful  modes  of  culti\'ation,  foUcf 
very  greatly  of  late  years.  At  present  it  is  only  7.i.  per  lb.  in  London.  See  Scaklxt 
Dtiiing. 

COCOA,  STEARINE,  and  FXAIXE.  Mr.  Soames  obtained  a  patent  in  September, 
1829,  for  making  these  useful  articles,  by  the  follon^'ing  process :  — 

He  takes  the  substance  calUrd  cocoa-nut  oil,  in  the  slate  of  lard,  in  which  it  is  imported 
into  this  countr}',  and  submits  it  to  a  strong  hydraulic  pressure,  having  made  it  up  in  smill 
packages.,  3  or  4  inches  wide,  2  feet  Ion?,  and  1  or  1^  inches  thick.  These  packages  are 
formed  by  first  wrapping  up  the  said  substance  in  a  strong  linen  cloth,  of  close  texture^ 
and  then  in  an  outward  wrapper  of  strong  sail  cloth.  The  packages  are  to  be  placed  side 
by  side,  in  single  rows,  between  the  plates  of  the  press,  allowing  a  small  space  between 
the  packages  for  the  escape  of  the  ciaittc. 

The  teniporature  at  which  the  pressure  is  begun,  should  be  from  about  50  to  55  degrees, 
or  in  summer  as  nearly  at  tliis  pitch  as  can  be  obtained,  and  the  packages  of  the  said 
substance  intended  for  pressure,  should  be  exi)ONcd  for  seveial  hotirs  previously  to  aboat 
the  same  temperature.  When  the  puckaires  will  no  lonirer  yi»'ld  their  oil  or  elaine  freely 
at  this  temperature,  it  is  to  be  ffradually  raised ;  but  it  must  at  no  iime  exceed  65  degrees, 
and  the  hiwer  the  temperature  at  which  the  separation  can  be  cfTccted,  the  better  will  be 
the  quality  of  the  oil  expressed. 

When  the  packages  are  sufliciently  presse<l,  that  is,  when  they  will  give  out  no  more 
oil,  or  yield  it  only  in  drops  at  long  intervals,  the  residuum  in  them  is  to  be  taken  out  and 
cleansed  and  purified,  which  is  done  by  meltinir  it  in  a  well-tinned  copper  vessel,  which 
is  fixed  in  an  outer  vessel,  having  a  vacant  space  between,  closed  at  the  top,  into  which 
steam  is  admitted,  and  the  heat  is  kept  up  molerately  for  a  sufficient  time  to  allow  tlie 
impurities  to  subside;  but  if  a  still  hiirher  decree  of  purity  is  required,  it  is  necessary  to 
pass  it  through  filters  of  thick  flannel  lined  with  blotting  paper. 

Having  heen  thus  cleansed  or  purified,  it  is  fit  for  the  manufacture  of  candles,  whidi 
are  made  by  the  onlinaiy  process  used  in  makinc  mould  tallow  candles.  Having  thus 
disposed  vS  the  stearine,  or  what  is  called  the  first  pro<luct,  he  proceeds  with  the  claine 
or  oil  expressed  from  it,  and  which  he  calls  the  second  product,  as  follows :  that  is  to 
say,  he  purifies  it  by  an  admixture,  according  to  the  degree  of  its  apparent  foulness,  of 
from  1  to  2  per  cent,  by  wei^lit  of  the  sulphuric  acid  of  commerce,  of  about  TSO  specific 
gravity,  diluted  with  six  times  iis  weiiiht  of  water.  The  whole  is  then  to  be  violently 
agitated  by  mechanical  means,  and  he  prefers  for  this  purpose  the  use  of  a  vessel  con- 
structed on  the  principle  of  a  common  barrel  churn.  When  sufficiently  agitated,  it  will 
have  a  dirty  whitish  appearance,  and  is  then  to  be  d  awn  olV  into  another  vessel,  in  which 
it  is  to  be  allowed  to  settle,  and  any  scum  that  rises  is  to  be  carefully  taken  off.  In  i 
day  or  two  the  impurities  will  l>e  deposited  at  the  bottom  of  the  oil,  which  will  then  be- 
come clear,  or  nearly  so,  and  it  is  to  be  filtere<l  through  a  thick  woollen  cloth,  aAer  wUeh 
it  will  be  fit  for  burning  in  ordinar>-  lamps  and  for  other  uses. 

The  process  of  separating  the  elaine  from  the  stearine,  by  pressure,  in  manner  afor^ 
said,  had  never  before  been  applied  to  the  substance  called  cocoa-nut  oil,  and  consequently 
no  product  h:ul  heretofore  been  obtained  thereby  from  that  substance,  fit  for  being  ma- 
nufactured into  candles  in  the  ordinary  way,  or  for  being  refined  by  any  of  the  nsnil 


COFFEE. 


3J3 


odes»  so  as  to  bom  in  ordinary  lamps,  both  which  objects  are  obtained  by  this  method 
I  preparing  or  mannfaetoring  the  said  substance. 

Cmadles  well  made  from  the  above  material  are  a  Tery  snperior  artide.  The  light 
nodoeed  is  more  brilliant  than  from  the  same  sised  candle  made  of  tallow ;  the  flame  is 
siieetly  colorless,  and  the  wick  remains  free  from  cinder,  or  any  degree  of  foulness  du- 
os eombnstion. 

COFFEE.  The  coffee  is  the  seed  of  a  tree  of  the  ikmily  rvhiacete,  and  belongs  to  the 
sntandria  monogynia  of  Liunfeus.  There  are  several  species  of  the  genus,  but  the  only 
le  enltivated  is  the  Coffita  Jirnbiea^  a  native  of  Upper  Ethiopia  and  Arabia  Felix.  It 
Bcs  to  the  height  of  15  or  20  feet ;  its  trunk  sends  forth  opposite  branches  in  pairs  above 
id  at  right  angles  to  each  other ;  the  leaves  resemble  those  of  the  common  laurel,  al- 
ough  not  so  dry  and  thick.  From  the  angle  of  the  leaf-stalks  small  groups  of  white 
>wers  issue,  which  are  like  those  of  the  Spanish  jasmine.  These  flowers  fade  very  soon, 
id  are  replaced  by  a  kind  of  fruit  not  unlike  a  cherry,  which  contains  a  yellow  glairy 
lidy  enveloping  two  small  seeds  or  berries  convex  upon  one  side,  flat  and  furrowed  upon 
le  other  in  the  direction  of  the  long  axis.  These  seeds  are  of  a  homy  or  cartilaginoos 
iture ;  they  are  glued  together,  each  being  surrounded  with  a  peculiar  eoriaoeous  mem- 
raae.  They  constitute  the  coffee  of  commerce. 

It  was  not  till  towards  the  end  of  the  15th  century  that  the  coffee- tree  began  to  be  cul- 
rated  in  Arabia.  Historians  usually  ascribe  the  discovery  of  the  use  of  coffee  as  a  be* 
mge  to  the  superior  of  a  monastry  there,  who,  desirous  of  preventing  the  monks  from 
eeping  at  their  nocturnal  services,  mode  them  drink  the  infusion  of  coffee  upon  the  re- 
nt of  shepherds,  who  pretended  that  their  flocks  were  more  lively  aAer  browsing  on  the 
ait  of  that  plant.  The  use  of  coffee  was  soon  rapidly  spread,  but  it  encountered  much 
ipoaition  on  the  part  of  the  Turkish  government,  and  became  the  occasion  of  public  as- 
iinbliet.  Under  the  reiini  of  Amurath  HI.  the  mufYi  procured  a  law  to  shut  all  the  cof- 
!e-hooses,  and  this  act  of  suppression  was  renewed  under  the  minority  of  Mahomet  IV. 
was  not  till  1554,  under  Solyman  the  Great,  that  the  drinking  of  coffee  was  accredited  in 
onstantinople ;  and  a  century  elapsed  before  it  was  known  in  London  and  Paris.  Soly- 
an  An  introduced  its  use  into  the  latter  city,  in  1669,  and  in  1672  an  Armenian  estab- 
ihed  the  first  eafi  at  the  fair  of  Saint  Germain. 

When  coffee  became  somewhat  of  a  necessary  of  life,  from  the  influence  of  habit 
non^  the  people,  all  the  European  powers  who  had  colonies  between  the  tropics,  pro- 
•eted  to  form  plantations  of  coffee-trees  in  them.  The  Dutch  were  the  first  who  trans- 
orted  the  coffee  plant  from  Moka  to  Batavia,  and  from  Batavia  to  Amsterdam.  In 
714  the  magistrates  of  that  city  sent  a  root  to  Louis  XIV.,  which  he  caused  to  be 
luted  in  the  Jardin  du  Roi.  This  became  the  parent  stock  of  all  the  French  coffee  plan- 
itions  in  Martinique. 

The  most  extensive  culture  of  coffee  is  still  in  Arabia  Felix,  and  principally  in  the 
ingdom  of  Yemen,  towards  the  cantons  of  Aden  and  Moka.  Although  these  countries 
xe  very  hot  in  the  plains,  they  possess  mountains  where  the  air  is  mild.  The  coffee  is 
generally  grown  half  way  up  on  their  slopes.  When  cultivated  on  the  lower  grounds  it 
s  always  surrounded  by  larsre  trees  which  shelter  it  from  the  torrid  sun,  and  prevent  its 
rait  from  withering  before  their  maturity.  The  harvest  is  gathered  at  three  periods ;  the 
DOtt  eonsideraUe  occurs  in  May,  when  the  reapers  begin  by  spreading  cloths  under  the 
fees,  then  shaking  the  branches  strongly,  so  as  to  make  the  fruit  drop,  which  they  collect^ 
md  expose  upon  mats  to  dry.  They  then  pass  over  the  dried  berries  a  very  heavy  roller, 
o  break  the  envelops,  which  are  afterwards  winnowed  away  with  a  fan.  The  interior 
wan  is  again  dried  before  being  laid  up  in  store. 

In  Demarara,  Berbice,  and  some  of  our  West  India  islands,  where  much  good  coffee 
s  now  raised,  a  different  mode  of  treating  the  pulpy  fruit  and  curing  the  beans  is 
idopted.   When  the  cherry-looking  berry  has  assumed  a  deep-red  color  it  is  gathered, 
umI  immediately  subjected  to  the  operations  of  a  mill  composed  of  two  wooden  rollers, 
*amished  with  iron  plates,  which  revolve  near  a  third  fixed  roller  called  the  chops, 
Fhe  berries  are  fed  into  a  hopper  above  the  rollers,  and  falling  down  between  them  and 
the  chops,  they  are  stripped  of  their  outer  skin  and  pulp,  while  the  twin  beans  are  se- 
parated from  each  other.    These  beans  then  fall  upon  a  sieve,  which  allows  the  skin  and 
the  palp  to  pass  throui*h,  while  the  hard  beans  accumulate  and  are  progressively  slid 
over  the  edge  into  baskets.   They  are  next  steeped  for  a  ni:?ht  in  water,  thoroughly 
crashed  in  the  morning,  and  afterwards  dried  in  the  sun.   They  arc  now  ready  for  the 
pedine  mill,  a  wooden  edee  wheel  turned  vertically  by  a  horse  yoked  to  the  extremity  of 
ito  horizontal  axis.    In  travelling  over  the  coffee,  it  bursts  and  detaches  the  coriaceoui 
or  ptrehment-like  skin  which  surrounds  each  hemispherical  bean.    It  is  then  freed  from 
lAe  membranes  by  a  winnowinsr  machine,  in  which  four  pieces  of  tin  made  fast  to  an  axle 
treomsed  to  revolve  with  great  velocity.   Com  fanners  would  answer  better  than  thit 
bistmment  of  netrru  invention.   The  coffee  is  finally  spread  upon  mats  or  tables^ 
P^ed  dean,  and  packed  up  for  shipment. 
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The  most  highly  esteemed  coffee  is  that  of  Moka.  It  has  a  smaller  and  a  rooider 
bean;  a  more  agreeable  taste  and  smell  than  any  other.  Its  color  is  yellow.  Neit 
to  it  in  European  repatation  are  the  Martinique  and  Bourbon  coffees;  the  former  is 
larger  than  the  Arabian,  and  more  oblong ;  it  is  rounded  at  the  ends;  its  color  is  grecB- 
ish,  and  it  preserves  almost  always  a  silver  gray  pellicle,  which  comes  off  in  the  roasting. 
The  Bourbon  coffee  approaches  nearest  to  the  Moka,  from  which  it  originally  spraig. 
The  Saint  Domingo  coffee  has  its  two  extremities  pointed,  and  is  much  less  esteemed 
than  the  preceding. 

The  coifee-tree  flourishes  in  hilly  districts,  where  its  root  can  be  kept  dry,  while  iti 
leai-es  are  refreshed  with  frequent  showers.  Rocky  ground,  with  rich  decomposed 
mould  in  the  fissures,  agrees  best  with  it.  Thoueh  it  would  grow,  as  we  have  sud,  to 
the  height  of  15  or  20  feet,  yet  it  is  usually  kept  down  by  pruning  to  that  of  five  feel, 
for  increasing  the  production  of  the  fruit,  as  well  as  for  the  convenience  of  crop- 
ping. It  begins  to  yield  fruit  the  third  year,  but  is  not  in  full  bearing  till  the  fifth, 
does  not  thrive  beyond  the  twenty-fiflli,  and  is  useless  in  general  at  the  thirtieth. 
In  the  coffee  husbandry,  the  plants  should  be  placed  eight  feet  apart,  as  the  trees  thnnr 
out  extensive  honzontal  branches,  and  in  holes  ten  or  twelve  feet  deep,  to  secure  a  eoa- 
stant  supply  of  moisture. 

Coffee  has  been  analyzed  by  a  great  many  chemists,  with  considerable  diversity  of 
results.  The  best  analysis  perhaps  is  that  of  Schroder.  He  found  that  the  raw  besM 
distilled  with  water  in  a  retort  communicated  to  it  their  flavor  and  rendered  it  twfaid, 
whence  they  seem  to  contain  some  volatile  oil.'  On  reboiling  the  beans,  filtering,  asd 
evaporating  the  liquor  to  a  sirup,  adding  a  little  alcohol  till  no  more  matter  was  pred- 
pilated,  and  then  evaporating  to  dryness,  he  obtained  17*58  per  cent,  of  a  yellowiih- 
brown  transparent  extract,  which  constitutes  the  characteristic  port  of  coffee,  thon^  it 
is  not  in  that  state  the  pure  proximate  principle  called  caftine.  Its  most  remariobk 
reaction  is  its  producing,  with  both  the  protoxyde  and  the  peroxyde  salts  of  iron,  a  fise 
grass  green  color,  while  a  dark  green  precipitate  falls,  which  re-dissolves  when  an  sdi 
is  poured  into  the  liquor.  It  produces  on  the  solution  of  the  salts  of  copper  scsnelj 
any  effect,  till  an  alkali  be  added,  when  a  very  beautiful  green  color  is  produced,  which 
may  be  employed  in  painlini;.  Coffee  beans  contain  also  a  resin,  and  a  fatty  substsMe 
somewhat  like  suet.  Accordini;  to  Robiquet,  ether  extracts  from  coffee  beans  neariy  10 
per  cent,  of  resin  and  fat,  but  he  prubably  exageerates  the  amount.  The  peculiar  nh- 
stance  cafeine  contained  in  the  above  extract  is  crystallizable.  It  is  remarkabk  ii 
regard  to  composition,  that  aHer  urea  and  the  uric  acid,  it  is  among  organic  prodvds 
the  richest  in  azote.  It  was  discovered  and  described  in  1820  by  Runge.  It  does  not 
possess  alkaline  properties.  Pfaff  obtained  only  90  grains  of  cafeine  from  six  pomds 
of  coffee  beans.  There  is  also  an  acid  in  raw  coffee,  to  which  the  name  of  cafek  add 
has  been  given.  When  distilled  to  dr}'ness  and  decomposed,  it  has  the  smell  of  rossted 
coffee. 

Coffee  undergoes  important  c)ian?cs  in  the  process  of  roasting.  When  it  is  rossted 
to  a  yellowish  brown  it  loses,  uccordinK  to  Cadet,  12|  per  cent,  of  its  weight,  and  is  ii 
this  state  difficult  to  grind.  When  roasted  to  a  chestnut  brown  it  loses  18  per  cesUi 
and  when  it  becomes  entirely  black,  though  not  at  all  carbonized,  it  has  lost  23  perceat 
Schrader  has  analyzed  roasted  coffee  comparatively  with  raw  coffee,  and  he  foood  in 
the  first  12^  per  cent,  of  an  extract  of  coffee,  soluble  in  water  and  alcohol,  which  pos- 
sesses nearly  the  properties  of  the  extract  of  the  raw  coffee,  although  it  has  a  deepff 
brown  color,  and  soAens  more  r(.>adily  in  the  air.  He  found  also  10*4  of  a  bhickifh 
brown  gum;  5*7  of  an  oxygenated  extract,  or  rather  apo'hcme,  soluble  in  alcohol,  inso- 
luble in  water ;  2  of  a  fatly  substance  and  re«5in;  69  of  burnt  vegetable  fibre,  insoluW*- 
On  distilliiiff  r<»a<lcd  coffee  with  water,  Schrader  obtained  a  product  which  contained  the 
aromatic  principle  of  coff<?e  ;  it  reddened  litmus  paper,  and  exhaled  a  strong  and  agree 
able  odor  of  roasted  coHee.  If  we  roast  coffee  in  a  retort,  the  first  portions  of  the 
matic  principle  of  coffee  condense  into  a  yellow  liquid  in  the  receiver  ;  and  these  may  be 
added  to  the  coffee  roasted  in  the  common  way,  from  which  this  matter  has  been  expel- 
led and  dissipated  in  the  air. 

Chenevix  affirmi'd  that  by  the  roasting  of  coffee  a  certain  quantity  of  tannin  possessis?  j 
the  property  of  precipitating^  gelatin  is  generated.  Cadet  made  the  same  obserritioo,  i 
and  found,  moreover,  that  the  tannin  was  most  abundant  in  the  lightly  roasted  coffef^aad 
that  there  was  nearly  none  of  it  in  coffee  highly  roosted.  Pnysse  and  Schrader,  on  Ike 
contrary,  state  that  solution  of  gelatin  does  not  precipitate  either  the  decoction  of  roast- 
ed coffee  or  the  alcoholic  extract  of  this  coffee.  Runge  likewise  asserts  that  heeooU 
obtain  no  precipitate  with  gelatin  ;  but  he  says  that  albumen  precipitates  from  the  de 
coctiou  of  roasted  coffee  the  same  kind  of  tannin  as  is  precipitated  from  raw  coffee  br  tk' 
acetate  of  lead,  and  set  free  from  the  lead  by  sulphureteil  hydrogen.  With  these  r«nlt» 
my  own  experiments  agree.  Gelatin  certainly  does  not  disturb  clear  infusion  of  rotstt'' 
coffee,  but  the  salts  of  iron  blacken  it. 
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ideftTored  to  roast  separately  the  different  principles  of  cofice,  hot  none  of 
the  aromatic  odor  of  roasted  coffee  except  the  homy  fibrous  matter.  He 
dudes  that  this  substance  contributes  mainly  to  the  characterbtic  taste  of 
,  which  cannot  be  imitated  by  any  other  yegetaUe  matter,  and  which,  as  we 
ould  be  ascribed  chiefly  to  the  altered  cafeic  acid.  According  to  Garot,  we 
be  cafeine  without  alteration  from  roasted  coffee  by  precipitating  its  deeoc- 
etate  of  lead,  treating  the  washed  precipitate  with  sulphuret^  hydrogen, 
Dg  the  liquid  product  to  dryness. 

js,  much  ingenuity  has  been  expended  in  contriving  various  forms  of  appa- 
ing  infusions  of  coffee  for  the  table.  I  hare  tried  most  of  them,  and  find, 
i  so  good  as  a  ca/etitre  a  la  Belloy^  the  coffee  Inggin^  with  the  perforated  tin- 
f  especially  when  the  filtered  liquor  is  kept  simmering  in  a  close  vessel,  set 
r  steam  pan.  The  useful  and  agreeable  matter  in  coffee  is  very  sohiUe :  it 
h  the  first  waters  of  infusion,  and  needs  no  boiling, 
iffee  rightly  we  should  keep  in  view  the  proper  objects  of  this  process,  which 
I  its  aroma,  and  destroy  its  toughness,  so  that  it  may  be  readily  ground  to 
>  much  heat  destroys  those  principles  which  we  should  wish  to  preserve,  and 
w  ones  which  have  nothing  in  common  with  the  first,  but  add  a  disagreea- 
latic  taste  and  smell.  If,  on  the  other  hand,  the  rawness  or  greenness  it 
jy  an  adequate  heat,  it  masks  the  flavor  of  the  bean,  and  injures  the  bev« 
'ith  it.  When  well  roasted  in  the  sheet-iron  cylinders  set  to  revolve  over  a 
have  a  uniform  chocolate  color,  a  point  readily  hit  by  experienced  roasters, 
lage  the  business  very  well  for  the  principal  coffee^ealers  both  of  Lcmdoa 
far  as  my  judgment  can  determine.  The  development  of  the  proper  aroma 
by  which  coffee-roasters  frequently  regulate  their  operations.  When  it  h»e8 
per  cent,  of  its  weight,  coffee  is  sure  to  be  injured.  It  should  never  be 
mediately  before  infiision. 

arbonized  pitcoal.  See  Charcoal  ;  and  Pitcoal  at  the  end. 
[AR  OF  VITRIOL  (Roufre  d'JngUtem,  Fr. ;  Rothes  Eisenoxydy  Germ.) 
red  peroxyde  of  iron,  produced  by  calcining  sulphate  of  iron  with  a  strong 
ig  the  resulting  mass,  and  elutriating  it  into  an  impalpable  powder.  A  bet- 
iking  it  so  as  to  complete  the  separation  of  the  acid,  is  to  mix  100  parts  of 
phate  of  iron  with  42  of  common  salt,  to  calcine  the  mixture,  wash  away 
sulphate  of  soda,  and  levigate  the  residuum.  The  sulphuric  acid  in  this 
e  chlorine  of  the  salt  in  the  form  of  muriatic  acid  gas,  and  saturates  its 
produced  by  the  chemical  reaction ;  whence  an  oxyde  will  be  obtained  free 
ch  superior  to  what  is  commonly  found  in  the  shops.  The  best  sort  of  pol- 
,  called  jewellers*  red  rouge  or  plate  powder,  is  the  precipitated  oxyde  of  iron 
idding  solution  of  soda  to  solution  of  copperas,  washing,  drying,  and  cal- 
vder  in  shallow  vessels  with  a  gentle  heat,  till  it  assumes  a  deep  brown  red 

ION. 

NY,  black  rosin,  the  solid  residuum  of  the  distillation  of  turpentine,  when 
been  worked  off". 

S  MATTER.  [3fatilre  colorante,FT,i  Farbttoffy  Germ.)  See  Druiro, 
e-stuffs  and  pigments. 

UM,  a  peculiar  metal  extracted  from  a  rare  mineral  brought  from  Haddam, 
t.  It  is  also  called  Tantalium,  from  the  mineral  tantalite  and  yttra-tantaKte^ 
len.   It  has  hitherto  no  application  to  the  arts.   It  combines  with  two  snc- 

of  oxygen ;  by  the  second  it  becomes  an  acid. 

a  variety  of  cabbage,  the  brassica  oleracea,  whose  seeds  afford,  by  pressure, 
mployed  in  France  and  Belgium  for  burning  in  lamps,  and  for  many  other 
iis  plant  requires  a  rich  but  light  soil ;  it  does  not  succeed  upon  either  sandy 
s.  The  ground  for  it  must  be  deeply  ploughed  and  well  dunged.  It  should 
ly,  and  be  aAerward  replanted  in  a  richly-manured  fiekl.  In  October  it  is 
out  in  beds,  15  or  18  inches  apart.  Colza  may  also  be  sowed  in  furrows  8 
sunder. 

I  has  been  just  cropped  for  wheat  is  that  usually  destined  to  colza;  it  may 
;ed  with  advantage.  The  harvest  takes  place  in  July,  with  the  sickle,  a 
le  seeds  ore  completely  ripe,  lest  they  should  drop  off.  As  the  seed  is  pro- 
however,  only  in  proportion  to  its  ripeness,  the  cut  plants  are  allowed  to 
*  maturation,  by  laying  them  in  heaps  under  airy  sheds,  or  placing  them  io 
hatching  it  with  straw. 

;e-«talks  are  thrashed  with  fiails,  the  seeds  are  winnowed,  siAed,  spread  out 
Iry ;  then  packed  away  in  sacks,  in  order  to  be  subjected  to  the  oil-mill  at 
of  winter.  The  oil-cake  is  a  very  agreeable  food  to  cattle,  and  serves  to 
It  is  reckoned  to  defray  the  cost  of  the  mill. 

rerishes  the  soil  very  much,  as  do,  indeed,  all  the  plants  cultiTated  for  thm 
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sake  of  their  oleaginouB  seeds.  It  mast  not,  therefore,  be  come  btck  vpoa  again  for  six 
years,  if  fine  crops  be  desired.  The  double  ploughing  which  it  requires  efiectuallf 
cleans  the  ground.   See  Oils,  Unctuous. 

COMB,  the  name  of  an  instrument  made  of  a  thin  plate  either  plane  or  cuired  of  wood, 
horn,  tortoise-shell,  ivor)',  bone,  or  metal,  cut  out  upon  one  or  both  of  its  aides  or  edgei^ 
into  a  scries  of  somewhat  long  teeth,  not  far  apart ;  which  is  empbyed  for  dismtangliag, 
layinir  parallel  and  smooth  the  hairs  of  man,  horses,  or  other  animals. 

A  thin  steel  saw  bow,  mounted  in  an  iron  or  wooden  handle,  is  the  implement  used 
by  the  comb-maker  to  rut  the  bone,  irory,  and  wood  into  slices  of  from  a  twelfth  to  a 
qnazter  of  an  inch  thick,  and  of  a  size  suitable  to  that  of  the  comb.  The  pieces  cf 
tortoise-shell  as  found  in  commerce  are  never  flat,  or,  indeed,  of  any  regnlar  cnrratorv, 
such  as  the  comb  roust  have.  They  are  therefore  steeped  in  boiling  water  snffident^ 
long  to  soften  them,  and  set  to  cool  in  a  press  between  iron  or  brass  moulds,  which  im- 
part to  them  the  desirrd  form  which  they  preserve  after  cooling.  After  receiving  their 
outline  shape  and  curvature,  by  proper  flat  files  or  fine  rasps,  the  place  of  the  teeth  it 
marked  with  a  triangular  file,  and  then  the  teeth  themselves  are  cut  out  with  a  doahfe 
saw,  composed  of  two  thin  slips  of  tempered  s^eel,  such  as  the  main-spring  of  a  wald^ 
notched  with  very  fine  sharp  teeth.  These  slips  are  mounted  in  a  wooden  or  iron  stock 
or  handle,  in  which  they  may  be  placed  at  different  distances,  to  suit  the  width  of  the 
comb-teeth.  A  comb-mnker,  however,  well  provided  in  tools,  has  an  nssortmeat  cf 
double  saws  set  at  every  ordinary  with.  The  two  slips  of  this  saw  have  their  teeth  in 
different  planes,  so  that  when  it  begins  to  cut,  the  most  prominent  slip  alone  acts,  aid 
when  the  teeth  of  this  one  have  fairly  entered  into  the  comb,  the  other  parallel  Uade 
begins  to  saw.  The  workman,  meanwhile,  has  fixed  the  plate  of  toitoise -shell  or  ivoiy 
between  the  flat  jaws  of  two  pieces  of  wood,  like  a  vice  made  fast  to  a  bench,  so  thtt 
the  comb  intended  to  be  cut  is  placed  at  an  angle  of  45^  with  the  horizon.  He  now  saws 
perpendicularly,  forming  two  teeth  at  a  time,  proceeding  truly  in  the  direction  of  Ihefint 
tracing. 

A  much  better  mode  of  makincr  combs  is  to  fix  upon  a  shaft  or  arbor  in  a  lathe  a  w- 
ries  of  circular  saws,  with  intervening  brass  washers  or  discs  to  keep  them  at  tuitaUe  dis- 
tances; to  Ret  in  a  frame  like  a  vice,  in  front  of  these  saws,  the  piece  of  ivory  orhonio 
be  cut;  and  to  press  it  for^'ard  upon  the  saws  at  an  angle  of  45  degrees,  by  means  eft 
regnlated  screw  motion.  When  the  teeth  are  thus  cut,  they  are  smoothed  and  pdliihed 
with  files,  and  by  rubbing  with  pumice-stone  and  tripoli. 

Mr.  Bundy,  of  Camden  Town,  obtainpd  a  patent  so  long  ago  as  1796,  for  an  appantv 
of  that  kind,  which  had  an  nd<litionnl  arbor  fittRd  with  a  series  of  circular  saws,  or  rather 
filefj,  for  sharpenini?  the  |>oints  of  the  comb-tn-ih. 

More  recently,  Mr.  Lyne  hns  invented  n  machine  in  which,  by  means  of  pressure,  two 
combs  are  cut  out  at  once  with  chisels  from  any  ton^h  material,  such  as  horn  or  tortoife* 
shell,  somewhat  softened  at  the  moment  by  the  application  of  a  heated  iron  to  it.  Tbe 
piece  of  horn  is  made*  fast  to  a  carrincp,  wliich  is  moved  for\nird  by  means  of  a  screw 
until  it  comes  under  the  action  of  n  ratchet-wheel,  toothed  upon  a  part  of  its  circoB- 
ferencc.  The  teeth  of  this  whct-l  brine  a  lever  into  action,  furnished  with  a  chisel  of 
knife,  which  cuts  out  a  double  comb  from  the  flat  piece,  the  teeth  of  which  combs  tre 
opposite  to  each  other.  By  this  means,  no  part  of  the  substance  is  lost,  as  in  sawing 
out  combs.  The  same  carriage  may  be  used,  also,  to  bear  a  piece  of  ivory  in  the  hird 
state  toward  a  circular  saw,  on  the  principles  above  explained,  with  inch  precision,  tbit 
from  80  to  100  teeth  can  be  funned  in  the  space  of  one  inch  by  a  proper  disposition  cf 
the  tool. 

Bullocks'  horns,  after  the  tips  arc  sawed  off,  are  roasted  in  the  flame  of  a  wood  fire^ 
till  they  are  sufficiently  softened  ;  when  they  are  slit  up,  pressed  in  a  machine  hetweci 
two  iron  plates,  and  then  plunged  into  a  trough  of  cold  water,  whereby  they  arc  haid- 
ened.  A  paste  of  quicklime,  litharge,  and  water  is  used  to  stain  the  horn  to  reseoUs 
tortoise-shell.   See  Horn. 

COMBFNATIOX  {Combiturison,  Fr. ;  Verbindungf  Germ.) ;  a  chemical  term  which 
denotes  the  intimate  union  of  dissimilar  particles  of  matter,  into  a  homogeneous-loQk- 
ing  compound,  possessed  of  properties  generally  diflerent  from  those  of  the  separate 
eonstituent<t. 

COMBUSTIBLE  (Eng.  and  Fr. ;  Brennstoff,  Germ.) ;  any  substance  which,  exposed  it 
the  air  to  a  certain  temperature,  consumes  spontaneously  with  the  emission  of  beat 
and  light.  All  such  combustibles  as  are  cheap  enough  for  common  use  go  under  the 
name  of  Fuel ;  which  see.  Every  combustible  requires  a  peculiar  pitch  of  temperatore 
to  be  kindled,  called  its  aecendible  point.  Thus  phosphorus,  sulphur,  hydrogen,  carta- 
reted  hydroeen,  carbon,  each  takes  fire  at  successively  higher  heats. 

COMBUSTION  (Eng.  and  Fr. ;  Verbrenniinpj  Germ.)  results  in  common  cisci 
from  the  mutual  chemical  reaction  of  the  combustible,  and  the  oxygen  of  the  atmosphere, 
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'  compound  is  formed ;  the  heat  and  light  evolved  being  most  probaUy 
i  rapid  motions  of  the  particles  during  the  progress  of  this  eombinatUNi. 
)  COLORS.  If  the  eOects  of  the  coloring  particles  did  not  vary 
e  combinations  which  they  form,  and  the  actions  exercised  upon  them  by 
bstances  present  in  a  dyeing  biath,  we  might  determine  with  precision 
I  ought  to  result  from  the  mixture  of  any  two  colors,  or  of  the  ingredients 
colors  separately.  Though  the  chemical  action  of  the  mordants,  and  of 
e  dye-bath  oAen  changes  the  results,  yet  theory  may  alwajs  predict  them 
I  degree.  It  is  not  the  color  appropriate  to  the  dye-stufis  which  is  to  be 
be  constituent  part  of  compound  colors,  but  that  which  they  most  assume 
mordant  and  dye-bath.  Our  attention  ought  therefore  to  be  directed 
tie  operation  of  the  chemical  agents  employed. 

ire  of  blue  and  yellow  dyes  produces  green.  D'Amboomey,  indeed, 
8  extracted  a  fast  green  from  the  fermented  juice  of  the  berries  of  the 
wnmu  fragula),  but  no  dyer  would  trust  to  such  a  color, 
ore  of  red  and  bine  produces  violet,  purple,  columbtM  (dove-color), 
hylilach,  mallow,  and  a  great  many  other  shades,  determined  by  the  nature 
le  red  and  blue  dye-stuffs,  as  well  as  their  relative  proportions  in  the 

ure  of  red  and  yellow  produces  orange,  mordori,  cinnamon,  comuUeot, 
I ;  with  the  addition  of  blue,  olives  of  various  shades  j  and  with  duns  in- 
s,  chestnut,  snuff,  musk,  and  other  tints. 

r  the  lighter  kinds  constitute  grays ;  and,  mixed  with  other  colors,  pro- 
(marroons),  coffees,  damascenes.  For  further  details  upon  this  sob- 
co  Pbinting,  Dyeing,  as  also  the  mdividual  colors  in  their  alphabetical 

Z.  The  name  given  by  architects  to  a  compact  mass  of  pebbles,  sand, 
•nted  together,  in  order  to  form  the  foundations  of  buildings.  Semple 
sest  proportions  are  80  parts  of  pebbles,  each  about  7  or  8  ounces  in 
ts  sharp  river  sand,  and  10  of  good  lime ;  the  last  is  to  be  mixed  with 
nish  con5i$tence,  and  grouted  in.  It  has  been  found  that  Thames  ballast, 
the  bed  of  the  river,  consists  nearly  of  2  parts  of  pebbles  to  1  of  sand,  and 
ers  exceedingly  well  for  making  concrete;  with  from  one  seventh  to  one 
lime.  The  best  mode  of  making  concrete,  according  to  Mr.  Godwin, 
lime,  previously  ground,  with  the  ballast  in  a  dry  state ;  sufficient  water 
over  it  to  effect  a  perfect  mixture,  after  which  it  should  be  turned  over  at 
h  shovels,  or  oAener ;  then  put  into  barrows,  and  wheeled  away  for  use 
is  generally  found  advisable  to  employ  two  sets  of  men  to  pexform  this 
three  in  each  set ;  one  man  to  fetch  the  water,  &c.,  while  the  other  two 
nixture  to  the  second  set,  and  they,  repeating  the  process,  turn  over  the 
!  barrow-men.  After  being  put  into  the  barrows,  it  should  at  once  be 
lanks,  so  raised  as  to  give  it  a  fall  of  some  yards,  and  thrown  into  the 
which  means  the  particles  are  driven  closer  together,  and  greater  solidity 
whole  mass.  Soon  aAer  being  thrown  in,  the  mixture  is  observed  usually 
notion,  and  much  heat  is  evolved  with  a  copious  emission  of  vapor, 
eid  of  concrete  in  the  fall,  spreading  over  the  ground,  will  form  genenlly 
nm  7  to  9  inches  thick,  which  should  be  allowed  to  set  before  Uirowing  in 

thod  of  making  concrete,  is  first  to  cover  the  foundation  with  a  certain 
iter,  and  then  to  throw  in  the  dry  mixture  of  ballast  and  lime.  It  is  next 
elled  with  shovels ;  after  which  more  water  is  pumped  in,  and  the  operation 
rhe  former  method  is  undoubtedly  preferable. 

es  it  has  been  found  necessary  to  mix  the  ingredients  in  a  pug-mill,  as  in 
tc.  for  bricks.  For  the  preparation  of  a  concrete  foundation,  as  the  harden- 
rapid,  no  more  water  should  be  used  than  is  absolutely  necessary  to  effect 
ure  of  the  ingredients.    Hot  water  accelerates  the  induration.    There  is 
i  of  contraction  in  volume  in  the  concrete,  in  reference  to  the  bulk  of  its 
To  form  a  cubical  yard  of  concrete,  about  30  feet  cube  of  ballast  and  3| 
round  lime  must  be  employed,  with  a  sufficient  quantity  of  water. 
TION  (Eng.  and  Fr. ;  Oefrierung,  Crcrm.) ;  the  act  of  freezing  liquidB. 
are  supplied  by  chemistry  of  effecting  or  promoting  this  process,  but  they 
ite  any  peculiar  art  or  manufacture.   See  Ice-House. 
OF  FLUIDS.    In  Mr.  Derosnes's  method,  the  cooling  agents  employed 
of  atmospheric  air,  and  warm  water  of  the  same  or  nearly  the  same 
I  that  of  the  vapors  which  are  to  be  operated  upon. 
pMtnts  merely  a  diagram  of  the  general  features  of  an  apparatus  eott- 
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sUncted  upon  the  principles  proposed  to  be  eicployed,  which  will  serve  to  explain  Ik 
nature  of  this  improvement. 


This  pump  forces  the  water  by  the  pipe  r,  into  the  annular  space  or  chamber  betwm  tke  ' 
pipes  B  and  c,  in  which  chamber,  by  its  immediate  contact  with  the  pipe  n,  it  aeqaimthe 
temperature  of  the  vapors  intended  to  be  refrigerated.  The  pipe  g  conveys  the  water fiiM 
the  pipe  c,  into  the  annular  colander  or  sieve  H,  which  has  a  multitnde  of  small  hoki 
pierced  through  its  under  part,  and  whence  the  warm  water  descends  in  the  fom  of 
a  continued  shower  of  rain.  To  the  end  of  the  pipe  By  a  distiller's  worm  11,1a  coaiecie^ 
which  is  placed  beneath  the  colander  h.  The  entire  length  of  the  wonn-pipe  sbosU 
be  bound  round  with  linen  or  cotton  cloth,  as  a  conductor  of  the  heat,  whidi  dotli  wiD 
be  continually  moistened  by  the  rain  in  iu  descent  from  the  colander.  As  thn  wsur 
has  been  heated  in  passing  along  the  tube  c,  the  shower  of  rain  descending  from  the 
colander  will  be  at  a  higher  temperature  than  that  of  the  atmosphere,  and,  conscqacotK, 
by  heating  the  surrounding  air  as  it  descends,  a  considerable  upward  draft  wiH  be  { 
produced  thronsh  the  coils  of  the  worm- pipe.  1 

If  the  colaniler  and  the  worm-pipe  are  enclosed  within  a  chimney  or  upright  tube,  as 
K  K,  open  at  top  and  bottom,  a  current  of  ascending  air  will  be  produced  withio  it  hf 
the  descending  shower  of  hot  water,  similar  in  eficct  to  that  which  would  be  produced 
in  a  chimney  communicating  with  a  furnace,  or  to  that  of  the  burner  of  an  argswl 
lamp.  Consequently,  it  will  be  perceived  that  in  opposition  to  the  descending  rein,  a 
strong  upward  current  of  air  will  blow  through  that  part  of  the  cylinder  k  k,  whicb  is 
beneath  the  colander.  When  the  air  first  enters  the  lower  aperture  of  the  chimney  or 
tube  K,  it  is  of  the  same  temperature  and  moisture  as  the  external  atmosphere;  bat  in 
its  passage  up  the  tube  it  meets  with  a  warmer  and  damper  atmosphere,  caused  by  the 
heat  given  out  from  the  hot  fluid  continually  passing  through  the  pipes,  and  by  the  hot 
shower  of  rain,  and  also  by  the  steam  evolved  from  the  surfaces  of  the  coils  of  thewoiv, 
which  are  continually  wetted  by  the  descending  rain,  the  e\'aporation  being  eonsideraUy 
augmented  by  the  cloth  bound  round  the  worm-pipe,  retaining  the  water  as  it  descends  in 
drops  from  coil  to  coil. 

The  atmosphere  within  the  tube  being  of  a  higher  temperature  than  without,  a 
current  of  air  constantly  ascends  and  escapes  at  the  upper  aperture  x.  and  its  place  is 
supplied  by  fresh  air  from  the  surrounding  atmosphere,  entering  the  tuoe  below. 
fresh  air  thus  admitted  at  the  bottom  of  the  tube,  being  cold  and  dry,  will  be  suited  to 
take  up  the  heat  and  moisture  within,  because  the  water  withio  the  tube,  being  in  a 
state  of  dispersion  as  rain,  presents  to  the  air  many  points,  or  a  very  extended  snrfkee, 
and  also  because  it  is  of  a  higher  temperature  than  the  air;  and,  besides,  cold  dry  air  if 
continually  renewed,  and  a  source  of  warmth  is  furnished  by  the  latent  caloric  to  the 
steam  as  fast  as  it  is  evolved.    Thus  a  portion  of  the  descending  rain,  or  water,  is 
evaporated,  and  the  effect  of  this  evaporation  is  to  subtract  caloric  not  only  from  the 
water  held  in  contact  with  the  coils  of  the  worm-pipe  by  the  cloth  enveloping  it,  bat  M> 
from  the  hot  vapors  which  pass  through  the  worm.    This  process  of  evaporation  ha0» 
therefore,  a  cooling  power,  which  is  but  slight  in  the  lower  part  of  the  chimney  or'tab^ 
K ;  because  the  temperature  of  the  water,  or  rain,  and  of  the  worm,  at  this  part,  is  0^ 
a  lower  temperature ;  but  its  refrigerating  power  increases  as  it  rises  towards  th.^ 
colander,  and  there  it  acquires  its  maximum  of  intensity,  so  that  at  any  point  betwee^ 
the  lower  aperture  of  the  cylinder  and  the  colander,  the  current  of  air  is  ^ways  a  littl^ 
cooler  than  the  atmosphere  of  the  region  through  which  it  passes  (that  is,  at  its 
mum) ;  and  in  passing  this  region  of  higher  temperature,  it  is  not  only  put  in  eqoil^ 
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briom  of  temperature^  but  also  made  to  take  up  an  additional  quantity  of  aqueoos  vapor», 
which  equalizes  the  new  temperatare  it  acquires  with  its  capacity  of  saturation.  The 
cooling  caused  by  the  evaporation  acts  in  an  incessant  and  progressive  manner  from  the 
lower  aperture  of  the  cylinder  to  the  under  side  of  the  colander ;  and  this  cooling  not 
only  acts  as  an  agent  of  the  evaporation  which  the  current  of  air  cools,  but  it  refrige- 
rates also,  because  it  becomes  warmed  in  abstracting  caloric  from  the  vapors  or  liquids 
passing  through  the  worm ;  and  this  refrigeration  acts  also  incessantly  and  progressively 
from  the  lower  part  of  the  tube  or  chimney  to  the  colander. 

The  patentee  states,  in  conclusion,  that  "  the  velocity  or  force  of  the  current  of  air 
that  passes  through  the  chimney  or  tube  k,  can  be  accelerated  by  artificial  means,  either 
by  conducting  the  air  and  vapor  passing  from  the  upper  aperture  of  the  cylinder  into  the 
chimney  or  flues  of  a  furnace,  or  by  means  of  a  revolving,  forcing,  or  exhausting  fan,  or 
ventilator,  or  any  other  contrivance  which  will  produce  an  increised  current  of  air,  bnt 
which  is  not  necessary  to  be  particularly  described,  as  I  only  wish  to  explain  the  prin- 
ciples of  a  simple  apparatus,  constructed  in  any  convenient  form ;  and  I  would  remark, 
that  the  area  of  the  lower  aperture  through  which  the  air  is  introduced  into  the  chimney 
or  tabe  r,  and  also  the  area  of  the  upper  aperture,  or  that  through  which  it  passes  to 
Che  atmosphere,  should  be  in  accordance  with  the  effect  intended  to  be  obtained. 

**  It  is  further  to  be  remarked,  that  in  order  to  obtain  from  this  apparatus  the  best 
eflect,  the  velocity  of  the  current  of  air  must  be  itself  a  maximum ;  and  as  the  speed  or 
Telocity  of  the  current  of  air  is  owing  to  and  determined  by  the  excess  of  the  tempe* 
ratare  of  the  descending  \^*aier,  or  rain,  and  of  the  coils  of  the  worm  to  that  of  the 
exterior  atmosphere,  it  ensues  that  the  temperature  of  the  water,  or  rain,  must  be  a 
maximum.  But  this  excess  of  temperature  is  a  maximum  only  when  the  source  of  the 
rain  is  at  the  same  temperature  as  the  vapors  to  be  condensed :  if  less  warm,  it  wouU 
attract  less  air;  or,  if  warmer,  it  would  ausrment  the  temperature  of  the  vapors  intended 
to  be  condensed.  Consequently,  the  shower  of  water  employed  in  the  tube  k,  as  the 
•gent  for  cooling,  bestows  its  maximum  of  effect  when  it  is  as  warm  as  the  vapors  to  be 
condensed ;  therefore,  I  may  express  this  proposition,  viz.,  <  That  in  refrigerating  with 
water,  less  of  it  may  be  expended  when  it  is  warm  than  when  it  is  cold,  and  that  Uie 
least  quantity  of  water  will  be  evaporated  when  it  is  as  warm  as  the  aqueous  or 
fpiritoous  vapors  upon  which  it  is  to  operate.' 

**  This  proposition  may  appear  strange,  nevertheless  it  is  conformable  to  the  laws  of 
nature ;  and  appears  only  strange,  because  until  now  warm  water  has  not  been  employed 
with  currents  of  air  for  refrigerating. 

^  Hence  it  is  necessary  to  raise  the  temperature  of  the  water  in  the  colander  to  the 
temperature  of  the  vapors  to  be  condensed :  therefore,  I  cause  the  lukewarm  water, 
pumped  from  the  reservoir  e,  to  circulate  in  the  chamber  c.  In  this  circulation  it  also 
besin^  to  act  as  a  refrigerating  medium,  taking  up  a  portion  of  heat  from  the  vapors  that 
pass  through  the  pipe  o,  and  afterwards  it  acts  as  a  further  condenser  in  the  cj'linder,  in 
the  way  described.  Finally,  the  portion  of  this  water  that  is  still  in  the  fluid  state,  aher 
having  fallen  down  from  coil  to  coil,  arrives  lukewarm  to  the  inclined  surface  l,  which 
conducts  it  into  the  reservoir  £,  from  whence  it  is  pumped  up  into  the  chamber  c,  as 
before  described. 

"  The  tube  or  chimney  x  may  have  more  or  less  altitude;  the  higher  it  is  the  greater 
n  the  current  produced.  The  force  or  velocity  of  the  current  of  air  can  be  governed  by 
the  areas  of  the  introduction  and  exit  apertures.  If  the  cylinder  rises  only  to  the  hei^t 
of  the  sieve,  the  effect  is  much  less  than  when  it  is  prolonged  beyond  this  height.  I 
vtiald  furiher  remark,  that  if  the  cylinder  was  removed,  a  slight  effect  might  be  pro* 
doced,  provided  that  a  current  of  air  be  preserved  in  the  cylindrical  space  limited  by  the 
coils  of  the  worm,  and  also  if  the  current  was  produced  between  the  coils ;  or  a  central 
pftsaage  might  be  formed  in  an  apparatus  of  another  shape  than  that  above  described. 

I  have  only  shown  the  application  of  the  worm,  because  intending  only  to  explain 
the  principles  of  this  method  of  condensing  and  refrigerating. 

**  The  small  quantity  of  water  wasted  in  this  manner  of  condensation,  (that  is,  that 
portion  passed  off  to  the  atmosphere  in  the  form  of  vapors,  at  the  upper  aperture  of  the 
cylinder  k,)  may  be  replaced  by  a  small  stream  of  cold  water,  which  may  be  brought  to 
the  apparatus,  and  perhaps  most  conveniently  introduced  into  the  reservoir  e,  or  into 
the  chamber  between  the  pipes  b  and  c.    When  operating  upon  aqueous  vapors,  the 
waste  of  water  is  always  less  in  weight  than  that  of  the  vapors  liquefied.   When  this 
apparatus  is  applied  to  the  purposes  of  distillation,  the  end  of  the  worm  should  termi- 
nate la  a  vessel  m,  which  is  to  receive  the  produce  of  the  condensation.   It  will  be  seen 
that  this  improved  process  is  applicable  to  various  purposes,  where  condensation  or 
refKgeralion  is  required ;  for  instance,  in  the  boiling  or  concentration  of  sugar ;  to  con- 
densing and  refrigerating  distilled  vapors,  or  steam,  or  saline  liquids,  either  in  vacnnm 
or  not ;  to  cooling  brewers'  worts ;  and  to  the  refrigeration  of  other  liquors,  or  any  other 
processes,  when  it  may  be  required." 
I  have  inserted  the  specification  of  this  patent  verbatim.   M.  Derosne  has  busied 
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himsicir  durincr  a  lon^  life  with  •  prodisrious  numher  of  ingenious  little  contrivrnDoef  fit 
clarif)  in?  and  boilinET  sirafn,  distillation,  &c.,  but  be  has  in  this  inyenlion  taken  a  bUds 
flicht,  having:  secured  the  exclusive  privilece  of  condensing  vapors,  and  cooling  Iiqwi% 
with  hot  water,  in  preference  to  cold.  No  man  at  all  versant  in  the  sdentific  doctrinei, 
or  the  practical  applications  of  caloric,  will  ever  seek  to  meddle  with  his  monopoly  of 
such  a  scheme.  He  may  find,  perhaps,  some  needy  coppersmith  ready  to  esponte  that  or 
any  other  equally  foolish  project,  provided  a  productive  job  can  be  made  of  it,  agaiiit 
credulous  customers. 

For  some  rational  methods  of  cooling  liquors,  and  condensing  Tapors,  see  REnicni- 
TioK,  Still,  and  Sugar. 

COPAL,  a  resin  which  exudes  spontaneously  from  two  trees,  the  JUnu  eopaOimmf 
and  the  Eltroearput  copalifer,  the  first  of  which  grows  in  America,  and  the  second  is 
the  East  Indies.  A  third  species  of  copal  tree  grows  on  the  eoasts  of  Guinea,  etft- 
cially  on  the  banks  of  some  rivers,  among  whose  sands  the  resin  is  found.  It  oeenn  ii 
lumps  of  various  sizes  and  of  various  shades  of  color,  from  the  palest  greenish  yeUov  to 
darkish  brown.  I  found  its  specific  gravity  to  vary  in  diflerent  specimens  from  1*059  Id 
1*071.  being  intermediate  in  density  between  its  two  kindred  resins,  anim^  and  amkr. 
Some  rate  its  specific  gravity  so  high  as  M39,  which  I  should  think  one  of  the  am 
with  which  chemical  compilations  teem.  Copal  is  too  hard  to  be  scratched  by  the  nfli, 
whence  the  excellence  of  its  varnish.  It  has  a  conchoidal  fracture,  and  is  without  saeB 
or  taste.  When  exposed  to  heat  in  a  glass  retort  over  a  spirit  lamp,  it  readily  melts  iilo 
a  liquid,  which  being  Airther  heated  boils  with  explosive  jets.  A  viscid  oily-Iookn| 
matter  then  distils  over.  After  continuing  the  process  for  some  time,  no  succinic  lod 
is  found  in  the  receiver,  but  the  copal  blackens  in  the  retort.  Anhydrous  alcohol  boikd 
upon  it,  causes  it  to  swell,  and  transforms  it  by  de?rees  into  an  elastic  viscid  sob- 
stance.  It  is  not  soluble  in  alcohol  of  0*825  at  the  boiling  point,  as  I  have  ascprtaincd. 
Copal  dissolves  in  ether,  and  this  ethereons  solution  may  be  mixed  with  alcohcd  witboot 
decomposition.  Caoutchoucine  acts  very  slightly  upon  it  by  my  experiments,  even  at  the 
boiling  temperature  of  this  very  volatile  fluid ;  but  a  mixture  of  it  with  alcohol  of  0-825 
in  equal  parts  dissolves  it  very  rapidly  in  the  cold  into  a  perfectly  liquid  varnish.  Alcohol 
holding  camphor  in  solution  also  dissolves  it,  but  not  nenrly  so  H'ell  as  the  last  solvfOU 
Acconling  to  Unverdorbcn,  copal  may  be  completely  dissolved  by  digesting  one  part  of  it 
for  2-1  hours  with  one  part  and  a  half  of  alcohol  (probably  anhydrous),  because  that  por- 
tion of  copal  which  is  insoluble  in  alcohol  dissolves  in  a  very  concentrated  solution  of 
the  soluble  portion.  Oil  of  petroleum  and  turpentine  dissolve  only  1  or  2  per  cent,  of 
raw  copnl.  By  particular  mnnaqemcnl,  indeed,  oil  of  tun^entine  may  be  combini^  wiih 
copal,  as  we  shall  describe  under  the  article  Varnish. 

Fused  copal  possesses  different  properties  from  the  substance  in  its  solid  state  j  for  it 
then  niriy  he  made  to  combine  both  with  alcohol  and  oil  of  turpentine. 

Unverdorben  has  extracted  from  the  copal  of  Africa  five  diflerent  kinds  of  resin.  Done 
of  which  has  however  been  applied  to  any  use  in  the  arts. 

The  ultimate  constituents  of  copal  by  my  analysis  are,  carbon  79*87,  hydrogen  9'00, 
oxygen  11-1;  being  of  hydrogen  7*6  in  excess  above  the  quantity  necessary  to  fonn 
water  with  the  oxygen.    Of  copal  and  anime,  551,16^5  lbs.  were  imported  in  J835. 

COPPER  is  one  of  the  metals  most  anciently  known.  It  was  named  from  the  island 
of  Cyprus,  where  it  was  extensively  mined  and  smelt<?d  by  the  Greeks.  It  has  a  reddish 
brown  color  inclining  to  yellow;  a  faint  but  nauseous  and  rather  disagreeable  taste;  and 
when  rubbed  bet^veen  the  fingers  it  imparts  a  smell  somewhat  analogous  to  its  taste. 
Its  specific  gravity  is  from  8*8  to  8*9.  It  is  much  more  malleablf  than  it  is  ductile;  fo 
that  far  finer  leaves  may  be  obtained  from  it  than  wire.  It  melts  at  the  27th  degree  of 
Wedpewood's  pyrometer,  and  at  a  higher  temperature  it  ei'aporates  in  fVimes  which  tinge 
the  fire  of  a  bluish  creen.  By  exposure  to  heat  with  access  of  air,  it  is  rapidly  converted 
into  black  scales  of  peroxyde.  In  tenacity  it  yields  to  iron ;  but  surpasses  gold,  silver, 
and  plalintim,  consi'ierably  in  this  respect. 

In  mineralog)',  the  eenns  copper  includes  about  13  different  species,  and  each  of 
these  contains  a  great  many  varieties.  These  ores  do  not  possess  any  one  general  exte- 
rior character  by  which  they  can  be  recogniseil ;  but  they  are  readily  distinguished  bf 
chemical  re-as^cnts.  Water  of  ammonia  digested  upon  any  of  the  cupreous  ores  in^  a 
pulverized  state,  after  they  have  been  calcined  either  alone  or  with  nitre,  assumes  an  is- 
tense  bine  color,  indicative  of  copper.  The  richest  of  the  ordinary  ores  appear  under 
two  aspects ;  the  first  class  has  a  metallic  lustre,  a  copper  red,  brass  yellow,  iron  gray, 
or  blackish  gray  color,  sometimes  inclining  to  blue;  the  second  is  without  metallie ap- 
pearance, has  a  retl  color,  verging  upon  purple,  blur,  or  green,  the  last  lint  being  the 
most  nsnal.  Few  copper  ores  are  to  be  met  with,  indeed,  which  do  not  betray  the  pre- 
sence of  this  metal  by  more  or  less  of  a  izreenish  film. 

1.  Native  cojtprr  occurs  in  crystals,  branches,  and  filaments,  its  most  common  k>- 
cality  being  in  primitive  rocks.  It  is  found  abundantly  in  Siberia,  at  the  mines  of 
Tonrinski,  in  those  of  Hungary,  of  Fondo-Moldavi  in  GaUicia,  of  Fahlvn  in  Sweden, 
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if  Cornwall,  &e.  The  gangnes  of  native  copper  are  granite,  gneiss,  miea-slate,  day- 
date,  quartz,  carlwnate  or  fluate  of  lime,  sulphate  of  barytes,  &c.  The  most  remarka- 
ble nnsses  of  native  copper  hitherto  observed  were— first,  one  in  Brazil,  14  leagues  from 
Basa,  which  weighed  2616  pounds;  and  secondly,  another  which  Dr.  Franci»-le-Baron 
iiscovered  in  America  to  the  south  of  Lake  Superior.  It  was  nearly  15  feet  in  circum- 
fcrrnce. 

2.  Sulphunt  of  Copper,  the  vitreous  ore  of  Brodiani,  The  texture  of  this  ore  is  com- 
(Mut ;  its  fracture,  conchoidol,  surface  sometimes  dull ;  color,  iron  black  or  lead  gray,  often 
^iih,  iridiscent,  or  reddish  from  a  mixture  of  protoxyde.  It  is  easily  melted  even  by 
Jie  heat  of  a  candle ;  but  more  difficult  of  reduction  than  protoxyde.  This  ore  yields  to 
Jie  knife,  assuming  a  metallic  lustre  when  cut.  Its  density  varies  from  4*8  to  5-34.  Its 
mnposition,  according  to  Klaproth,  is  78*5  copper,  18*5  sulphur,  with  a  little  iron  and 
nlka.  Its  equivalent  constitution  by  theory  is  80  copper -{-20  sulphur  =  100;  whence 
r8*5  of  metal  should  be  associated  with  19*6  of  sulphur.  This  ore  is  therefore  one  of 
tlM  richest  ores,  and  forms  very  powerful  veins,  which  likewise  contain  some  orange  pro- 
teyde.  It  is  to  be  found  in  all  considerable  copper  districts ;  in  Siberia,  Saxony,  Sweden, 
ind  especially  Cornwall,  where  the  finest  crystals  occur. 

3.  Copper  Pyrites  resembles  in  its  metallic  yellow  hue,  sulphuret  of  iron ;  but  the  latter 
s  less  pale,  harder,  and  strikes  fire  more  easily  with  steel.  It  presents  the  most  lively 
rainbow  colors.  Its  specific  gravity  is  4*3.  It  contains  generally  a  good  deal  of  iron, 
IS  the  folk>wing  analysis  will  show :  copper  30,  sulphur  37,  iron  33,  in  100  parts.  Ac- 
Midiiig  to  Hisinger,  the  Swedish  pyrites  contains  63  of  copper,  12  of  iron,  and  25  of  sul- 
phnr.  These  ores  occur  in  primitive  and  transition  districts  in  vast  masses  and  powerAil 
reins ;  and  are  commonly  accompanied  with  gray  copper,  sulphuret  of  iron,  sparry  iron, 
mlpharets  of  lead,  and  zinc. 

4.  Gray  Copper  has  a  steel  i^y  color,  more  or  less  deep,  either  shining  or  dull ;  frac- 
Are  oneven;  a  distinct  metallic  lustre;  difficult  of  fusion  at  the  blowpipe;  it  communi- 
ques to  glass  of  borax  a  yellowish-red  color.  Its  density  in  crystals  is  4*86.  Its  compo- 
Mtion  is  very  variable ;  consisting  essentially  of  copper,  iron,  antimony,  and  sulphur.  The 
oploration  of  this  ore  is  profitable,  in  consequence  of  the  silver  which  it  frequently  eon- 
mins.  It  occurs  in  primitive  mountains ;  and  is  often  accompanied  with  red  silver  ore, 
x>pper  pyrites,  and  crystallized  quartz. 

6.  Protoxyde  of  Copper,  or  rtd  oxyde  of  Copper :  its  color  is  a  deep  red,  sometimes 
rerj  lively,  especially  when  brui<ied.  It  is  friable,  difficult  of  fusion  at  the  blowpipe,  re- 
hiciUe  on  burning  charcoal,  soluble  with  effervescence  in  nitric  acid,  forming  a  green 
iqnid.    Its  constitution,  when  pure,  is  88*9  copper -f- 11*1  oxygen  =  100. 

6.  Blaek  oxyde  of  Copper  is  of  a  velvet  black,  inclining  sometimes  to  brown  or  blue; 
nd  it  acquires  the  metallic  lustre  on  being  rubbed.  It  is  infusible  at  the  blowpipe.  Its 
Bomposition  is,  copper  80 -{-oxygen  20 ;  being  a  true  peroxyde. 

7.  Hydrosilicate  of  Copper  consists  essentially  of  oxyde  of  copper,  silica,  and  water. 
Its  color  is  green ;  and  its  fracture  is  conchoidal  with  a  resinous  lustre,  like  most  minerals 
which  contain  water.  Its  specific  gravity  is  2*73.  It  is  infusible  at  the  blowpipe  alone, 
hat  it  melts  easily  with  borax. 

8.  Diopiate  Copper,  or  Emerald  Malachite ;  a  beautiful  but  rare  cupreous  mineral,  con- 
lilting  of  oxyde  of  copper,  carbonate  of  lime,  silica,  and  water  in  varying  proportions. 

9.  Carbonate  of  Copper,  Malachite,  is  of  a  blue  or  green  color.  It  occurs  often  in 
beintifal  crystals. 

10.  Snlphate  of  Copper,  Blue  Vitriol,  similar  to  the  artificial  salt  of  the  laborator> 
The  Une  water  which  flows  from  certain  copper  mines  is  a  solution  of  this  salt.  The 
copper  is  easily  procured  in  the  metallic  state  by  plunging  pieces  of  iron  into  it. 

11.  Phosphate  of  Copper  is  of  an  emerald  green,  or  verdigris  color,  with  some  spots  of 
Vide.  It  presents  fibrous  or  tuberculous  masses  with  a  silky  lustre  in  the  fracture.  It 
^iliolves  in  nitric  acid  without  efiervescence,  forming  a  blue  liquid ;  melts  at  the  blow- 
pi^  and  is  reducible  upon  charcoal,  with  the  aid  of  a  little  grease,  into  a  metallic  globule. 
Oi  powder  does  not  color  flame  green,  like  the  powder  of  muriate  of  copper. 

12.  Muriate  of  Copper  is  green  of  various  shades ;  its  powder  imparts  to  flame  a  re- 
ttiiksUe  blue  and  green  color.  It  dissolves  in  nitric  acid  without  cfifervescence ;  and  is 
ddy  rednced  before  the  blowpipe.  Its  density  is  3*5.  By  Klaproth's  analysis,  it  con- 
ibU  of  oxyde  of  copper  73,  muriatic  acid  10,  water  17. 

13.  Jbrteniate  of  Copper.  It  occurs  in  beautiful  bine  crystals.  Before  the  blowpipe  it 
Idn^  ezh^Ung  fumes  of  a  garlic  odor,  and  it  affords  metallic  globules  when  in  contact 
^  charcoal.   See  more  upon  the  ores  at  the  end  of  this  article. 

It  the  article  Metallurgy,  I  have  described  the  mode  of  working  certain  coppci 
■M;  and  shall  content  myself  here  with  giving  a  brief  account  of  two  cupreous  forma- 
^isteresting  in  a  geological  point  of  view ;  that  of  the  copper  slate  of  Mansfeldt,  and 
^#S^  wppcr  veins  of  Cornwall. 

TlMcviDiis  strata  of  bituminons  schist  in  the  first  of  these  localities,  are  among  th* 
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DKM  ancient  of  any  which  contain  the  exnvise  of  organized  bodies  not  tcstaeeont.  Frott 
among  their  tabular  slabs  the  vast  multitudes  of  fossil  finh  were  extracted,  which  hate 
rendered  the  cantons  of  Mansfekit,  Eisleben,  Ilmenan,  and  other  places  in  ThraiBgiaad 
Voigtland  so  celebrated.  Many  of  the  fihh  are  transformed  into  copper  pjritea.  Her^ 
alio,  have  been  found  the  fossil  remains  of  the  lizard  family,  called  MouiiatM* 

Such  is  the  influence  of  a  wise  administration  upon  the  prosperity  of  minet,  that  the 
thin  layer  of  slate  in  this  formation,  of  which  100  pounds  commonly  eontaia  Imt  ok 
pound  and  a  half  of  copper,  occasionally  argentiferous,  has  been  for  aereral  eentvieitlli 
object  of  smelting  works  of  the  greatest  importance  to  the  territory  of  MaoifeMt  and  the 
adjoining  country. 

The  frequent  derangements  which  this  metallic  dcposite  eiperiences,  led  ikilfiil  direeton 
of  the  under-ground  operations  at  an  early  period  to  study  the  order  of  snperpositiDn  el 
the  accompanying  roclu.  From  their  observations,  there  resulted  a  system  of  facts  whic^ 
have  served  to  guide  miners,  not  only  in  the  country  of  Mansfeldt,  but  over  a  great  pa 
tion  of  Germany,  and  in  several  other  countries  where  the  same  series  of  rocks,  fonniRf 
the  immediate  envelope  of  the  cupreous  schists,  were  found  to  occur  in  the  same  oidrt 
of  superposition. 

Of  the  English  copper  teorks, — ^The  depoeites  of  copper  in  Cornwall  oceor  ahrayi  aj 
veins  in  granite,  or  in  the  schistose  rocks  which  surround  and  cover  it ;  and  hence,  the 
Cornish  miners  work  mostly  in  the  granite  or  greenish  clay  slate;  the  fonner  of  wUch 
they  call  growauy  the  latter  killat.  But  tin  is  sometimes  disseminated  in  small  Tcios  ■ 
porphyry  or  €lva%  which  itself  forms  great  veins  in  the  above  rocks.  No  stratiiUatin 
has  been  observed  in  Cornwall. 

The  eopper  veins  are  abundant  in  the  killas  and  rare  in  the  granite ;  bat  most  nnmo^ 
ous  near  the  line  of  junction  of  the  two  rocks.  The  different  kinds  of  mineral  veioiiB 
Cornwall  may  be  classed  as  follows : — 

1.  Veins  of  elvan ;  elvan  courses,  or  elvan  channels. 
*  2*  Tin  veins,  or  tin  lodes ;  the  latter  word  being  used  by  the  Cornish  minen  to  signiiy 
a  vain  rich  in  ore,  and  the  word  courstf  to  signify  a  barren  vein. 

3.  Copper  veins  running  east  and  west ;  east  and  west  copper  lodes. 

4.  Second  system  of  copper  veins,  or  contra  copper  lodes. 

5.  Crossing  veins ;  cross  courses. 

6.  Modern  copper  veins ;  more  recent  copper  lodes. 

7.  Clay  veins;  of  which  th«?n;  nre  two  scu,  the  more  ancient^  called  Cross-Fhidmu } 
and  the  more  mcMlern,  called  Slides. 

Thcr**  nre  therefore  three  systems  of  copper  veins  in  Cornwall;  of  which  the  fintii 
considered  to  be  the  most  ancient,  because  it  is  always  traversed  by  the  two  othen,  vui 
because,  on  the  contrary,  it  never  cuts  them  off.  The  width  of  these  veins  docs  not  ex- 
ceed 6  feet,  though  occasional  enlargements  to  the  extent  of  12  feet  sometimes  take  pliee. 
Their  length  is  unknown,  but  the  one  explored  in  the  Vnited  Mines  has  been  traced  ow 
an  extent  of  seven  miles.  The  gangue  of  these  veins  is  generally  quartz,  either  pare,  or 
mixed  with  green  particles  analogous  to  chlorite.  They  contain  iron  pyrites,  blende,  snl- 
phuret,  and  several  other  compounds  of  copper,  such  as  the  carbonate,  phosphate,  arse> 
niate,  muriate,  &c.  The  most  part  of  the  copper  veins  are  accompanied  with  snnll  ar- 
gillaceous veins,  called  by  the  miners  Jluckan  of  the  lode.  These  are  often  found  upos 
both  sides  of  tiie  vein,  so  as  to  form  cheeks  or  salebandes. 

When  two  veins  intersect  each  other,  the  direction  of  the  one  thrown  out  becomes  sft 
object  of  interest  to  the  miner  and  geologist.  In  Saxony  it  is  regarded  as  a  general  (set 
that  the  rejected  portion  is  always  to  the  side  of  the  ohtust  angle ;  this  also  hoMs  irener- 
ally  in  Cornwall,  and  the  more  obtuse  the  angle  of  incidence,  the  more  considerable  the 
out-throw. 

The  great  copper  vein  of  Carharack^  in  the  parish  of  Gwenap,  is  a  most  instractive 
example  of  intersection.  The  power  of  this  vein  is  8  feet ;  it  runs  nearly  fVom  east  to 
west,  and  dips  toward  the  north  at  an  inclination  of  2  feet  in  a  fathom.  Its  upper  part 
is  in  the  killas,  its  lower  part  in  the  granite.  The  vein  has  suffered  two  intersections; 
the  first  results  from  encountering  the  vein  called  Steven's  Jluckanj  which  runs  from  north- 
east to  south-west,  throwing  it  out  several  fathoms.  The  second  has  been  caused  hy 
another  vein,  almost  at  right  angles  to  the  first,  and  which  has  driven  it  20  fathoms  oQt 
to  the  right  side.  The  fall  of  the  vein  occurs,  therefore,  in  one  case  to  the  right,  and  D 
the  other  to  the  left;  but  in  both  instances,  it  is  to  the  side  of  the  obtuse  angle.  This 
disposition  is  very  singular ;  for  one  portion  of  the  vein  appears  to  have  aseeaded,  while 
another  has  sunk. 

The  mining  works  in  the  copper  veins  are  carried  on  by  reverse  steps ;  see  Huns 
The  grand  shafts  for  drainage  and  extraction  are  vertical,  and  open  upon  the  roof  lidf 
of  the  vein,  traversing  it  to  a  certain  depth.   These  pits  are  sunk  to  the  lowest  point  of 
the  exploration ;  and,  in  proportion  as  the  workings  descend,  by  means  of  excavatway 
iathe  vein,  the  pits  are  deepened  and  put  into  communication  toward  their  bottom  wiclv 
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each  new  gallery  of  ebngation,  by  meins  of  transverse  galleries.  At  preseoti  the  main 
•hafts  are  fally  160  fathoms  deep.  Their  horizootal  section  is  oblong,  and  is  divided  into 
two  compartments ;  the  one  destined  for  extraction,  the  other  for  the  pumps.  Their  tim- 
bering has  nothing  remarkable,  but  is  executed  with  every  attention  to  economy,  the 
whole  wood  employed  in  these  mines  being  brought  from  Norway. 

The  descent  of  the  workmen  is  efTected  by  inclined  shafts  scooped  out  of  the  vein ;  the 
ladders  are  slightly  inclined;  they  are  interrupted  every  10  fathoms  by  floors;  the  steps 
are  made  of  iron,  and,  to  prevent  them  from  turning  under  the  foot,  the  form  of  a  minors 
pnmch  or  jumper  has  been  given  them,  the  one  end  being  round,  and  the  other  being 
wedge-shaped. 

The  ore  is  raised  either  by  means  of  horse-gins,  or  by  steam-engine  power,  most  fire- 
qiiently  of  high  pressure.   I  shall  take  the  Consolidated  Mine*  as  an  example. 

The  draining,  which  is  one  of  the  most  considerable  sources  of  expense,  both  from  the 
quantity  of  water,  and  from  tbe  depth  of  the  mine,  is  executed  by  means  of  sucking  and 
farcing  pumps,  the  whole  piston-rods  of  which,  120  feet  long,  are  attached  to  a  main-rod 
SBSpended  at  the  extremity  of  the  working  beam  of  a  steam-engine. 

On  this  mine  three  ileam-engines  are  erected  of  very  great  power,  for  the  purpose  of 
drainage ;  the  one  called  the  Maria  engine  is  of  the  first-rate  force,  and  most  improved 
eOBStroction.  The  cylinder  is  90  inches  in  internal  diameter,  and  the  length  of  the 
ttooke  is  9  feet  11  inches.  It  works  single  stroke,  and  is  incased  in  a  coating  of  bricks 
to  prevent  di«sipalion  of  the  heat.  The  vapor  is  admitted  at  the  upper  end  of  the 
cylinder  during  the  conmiencement  of  the  fall  of  the  piston,  at  a  pressure  capaUe  of 
forming  an  equilibrium  with  a  column  of  60  inches  of  mercury.  The  introduction  of 
the  steam  ceases  whenever  the  piston  has  descended  through  a  certain  space,  whidi  may 
be  increased  or  diminished  at  pleasure.  During  the  remainder  of  the  descent  the  piston 
is  pressed  merely  by  this  vapor  in  its  progressive  expansion,  while  the  under  side  of 
the  piston  communicates  with  the  condenser.  It  ascends  by  the  counterweight  at  the 
pomp  end  of  the  working  beam.  Hence,  it  is  only  during  the  descent  of  the  piston  ibat 
the  effective  stroke  is  exerted.  Frequently  the  steam  is  admitted  only  during  the  sixth 
part  of  the  course  of  the  piston,  or  18  inches.  In  this  way  the  power  of  the  engine  is 
proportioned  to  the  work  to  be  done ;  that  is,  to  the  body  of  water  to  be  raised.  The 
maximum  force  of  the  above  engine  is  about  310  horses;  though  it  is  often  made  to  act 
•rith  only  one  third  of  this  power. 

The^  copper  mines  of  the  Isle  of  Anglesey,  those  of  North  Wales,  of  Westmoreland, 
the  adjacent  parts  of  Lancashire  and  Cumberland,  of  the  south  west  of  Scotland,  of  the 
[«le  of  Man,  and  of  the  suiuh  east  of  Ireland,  occur  also  in  primitive  or  transition  rocks. 
Fbe  ores  lie  sometimes  in  masses,  but  more  frequently  in  veins.  The  mine  of  Ecton  in 
Staffordshire,  and  that  of  Cross-gill  burn,  near  Alston-moor  in  Cumberland,  occur  in 
transition  or  metalliferous  limestone. 

The  copper  ores  extracletl  both  from  the  granitic  and  schistose  localities,  as  well  as 
from  the  calcareous,  are  uniformly  copper  pyrites  more  or  less  mixed  with  iron  pyrites ; 
the  red  oxyde,  carbonate,  arscniate,  phosphate,  and  muriate  of  copper,  are  very  rare  in 
these  districts. 

The  working  of  copper  in  the  Isle  of  Anglesey  may  be  traced  to  a  very  remote  era.  It 
ippears  that  the  Romans  were  acquainted  with  the  Hamlet  mine  near  Holyhead ;  but  it 
■as  worked  with  little  activity  till  about  70  years  ago.  This  metalliferous  deposite  lies 
in  a  greenish  clay  slate,  passing  into  talc  slate ;  a  rock  associated  with  serpentine  and 
euiriiotMle  (gabbro  of  Von  Buch).  The  veins  of  copper  are  from  one  to  two  yards  thick, 
lad  they  converge  towards  a  point  where  their  union  forms  a  considerable  mass  of 
)re.  On  this  mass  the  mine  was  first  pierced  by  an  open  excavation,  which  is  now 
ipwards  ot  300  feet  deep,  and  appears  from  above  like  a  vast  funnel.  Galleries  are 
fanned  at  different  levels  upon  the  flank  of  the  excavation  to  follow  the  several  small 
nrittSy  which  run  in  all  directions,  and  diverge  from  a  common  centre  like  so  many  radii. 
Itie  ore  receives  in  these  galleries  a  kind  of  sorting,  and  is  raised  by  means  of  hand 
lindlmsses  to  the  summit  of  a  hill,  where  it  is  cleaned  by  hreaking  and  riddling. 

The  water  is  so  scanty  in  this  mine  that  it  is  pumped  up  by  a  six-horse  steam-engine, 
ft  great  proportion  of  it  is  charged  with  sulphate  of  copper.  It  is  conveyed  into  reser- 
roirs  containing  pieces  of  old  iron ;  the  sulphate  is  thus  decomposed  into  copper  of  ce- 
sentation.  The  Anglesea  ore  is  poor,  yielding  only  from  2  to  3  per  cent,  of  copper :  a 
ioftion  of  its  sulphur  is  collected  in  roasting  the  ore. 

Meekanieal  preparation  of  the  copper  ores  in  Cornwall. — The  ore  receives  a  first  sort- 
^  either  within  the  mine  itself,  or  at  its  mouth,  the  object  of  which  is  to  separate  all 
he  pieces  larger  than  a  walnut.  These  are  then  reduceil  hy  the  hammer  to  a  smaller 
bte;  alter  wMch  the  whole  are  sorted  into  four  lots,  acconling  to  their  relative  richness, 
lie  fragments  nf  poor  ore  are  pounded  in  the  stamps  so  that  the  metallic  portion  may  be 
spwated  by  washing. 
The  ridi  ore  is  broken  into  small  bits,  of  the  size  of  a  nut,  with  a  flat  beater,  formed 
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ol*  a  piece  of  iron  6  inches  square  and  1  inch  thick,  adapted  to  a  wooden  handk.  The 
ore  to  be  broken  is  placed  upon  plates  of  cast-iron ;  each  about  16  inches  square  and  1) 
inch  thick.  These  iron  plates  are  set  towards  the  edge  of  a  smsH  mound  about  a  jwti 
high,  constructed  with  dry  stones  rammed  with  earth.  The  upper  surface  of  tha 
mound  is  a  little  inclined  from  behind  forwards.  The  woric  is  poformed  hj  womeo, 
each  furnished  with  a  beater ;  the  ore  is  placed  in  front  of  them  b^cmd  the  plates;  tbqr 
break  it,  and  strew  it  at  their  feet,  whence  it  is  lifted  and  disposed  of  to  the  nadbng- 
houses. 

Inferior  ores,  containing  a  notable  proportion  of  stony  matters,  are  also  broken  whk 
the  beater,  and  the  rich  parts  are  separated  by  riddling  and  washing  from  the  useka 
matters. 

The  smaller  ore  is  washed  on  a  sieve  by  shaking  it  in  a  stream  of  water,  which  eaniei 
away  the  lighter  stony  pieces,  and  leaves  the  denser  metalliferous.  They  are  thcs 
sorted  by  hand.  Thus  by  beating,  stamping,  and  riddling  ia  water,  the  stimy  substaneei 
are  in  a  great  measure  separated.  The  finer  ground  matter  is  washed  on  a  plane  taJtik, 
over  which  a  current  of  water  is  made  to  flow.  Finally,  the  ore  nearly  fine  is  put  iito 
a  large  tub  with  water,  and  briskly  stirred  about  with  a  shovel,  after  which  it  tettki  ii 
the  order  of  richness,  the  pure  metallic  ore  being  nearest  the  bottom.  The  stamps  nei 
for  copper  ore  in  Cornwall  are  the  same  as  those  used  for  tin  ores,  of  which  we  shsU 
speak  in  treating  of  the  latter  metal,  as  well  as  of  the  boxes  for  washing  the  fine  powds 
or  tlime.  These,  in  fact,  do  not  differ  essentially  from  the  stamping  mills  and  washisf 
apparatus  described  in  the  article  MzTAixuaGT.  Crushing  rolls  are  of  late  yean  miek 
employed.   See  Lead  and  Tin. 

Cornwall  being  destitute  of  coal,  the  whole  copper  ore  which  this  county  prodoeei 
is  sent  for  smelting  to  South  Wales.  Here  are  15  copper  works  upon  the  Swansea  iid 
Neath,  which  pursue  a  nearly  uniform  and  much  improved  process,  consisting  in  a  wriei 
of  calcinations,  fusions,  and  roasiings,  executed  upon  the  ores  and  the  matters  resokiiig 
from  them. 

The  furnaces  are  of  the  reverberatory  construction ;  they  vary  in  their  dimensions  snd 
in  the  number  of  their  openings,  according  to  the  operations  for  which  they  were  in- 
tended. There  are  5  of  them  : — 1.  The  calcining  furnace  cr  calciner;  2,  TTie  melting 
furnace ;  3.  The  roasting  furnace  or  roaster ;  4.  The  refining  furnace ;  5.  The  heating 
or  igniting  furnace. 

1.  The  calcining  fumnce  rests  upon  a  vault,  c,  into  which  the  ore  is  raked  down  sfter 
being  calcined;  it  is  built  uf  bricks, and  bound  with  iron  bars,  as  shown  in  the  ele^'atioOf 
Jig.  296.  The  hearth,  b  D,Jigs,  296  and  298,  is  placed  upon  a  level  with  the  lower  horizon- 
tal binding  bar,  and  has  nearly  the  form  of  an  ellipse,  truncated  at  the  two  extremities  of 
its  great  axis.  It  is  horizontal,  bedded  with  fire-bricks  set  on  edge,  so  that  it  may  be  re- 
moved and  repaired  without  disturbing  the  arch  upon  which  it  reposes.    Holes,  not  vifible 


in  the  figure,  are  left  in  the  shelves  before  each  door,  c  c,  through  which  the  roasted  ore 
is  let  fall  into  the  subjacent  vault.  The  dimensions  of  the  hearth  b  b  are  immense,  being' 
from  17  to  19  feet  in  length,  and  from  14  to  16  in  breadth.  The  fire-place,  A,  fig.  298, '» 
from  4i  to  5  feet  long,  and  3  feel  wide.  The  bridge  or  low  wall,  b,  fig,  302,  which  sepa- 
rates the  fire-place  from  the  hearth,  is  2  feet  thick ;  and  in  Mr.  Vivian's  smelting-works 
is  hollow,  as  shown  in  the  figure,  and  communicates  at  its  two  ends  with  the  atmosphoe, 
in  order  to  conduct  a  supply  of  fresh  air  to  the  hearth  of  the  furnace.  This  judicious 
contrivance  will  be  described  in  explaining  the  roasting  operation.  The  arched  roof  of 
the  furnace  slopes  down  from  the  bridge  to  the  beginning  of  the  chimney,  ftfigM.  297, 
2d8,  its  height  above  the  hearth  being  at  the  first  point  about  26  inches,  and  from  8  to  12  ^ 
at  the  second. 

Such  great  calcining  furnaces  have  4  or  6  doors,  e  c  c  c,fig.  298,  one  for  the  fire-plaee,  * 
as  shown  at  the  right  hand  in  fig.  297,  and  3  or  4  others  for  working  the  ore  upon  the  ^ 
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•ratory  hearth.  If  there  be  3,  2  of  them  are  placed  between  the  vertJcal  binding 
pon  one  side,  and  a  third  upon  the  opposite  side  of  the  furnace ;  if  there  be  4,  2 
•ced  upon  each  side,  facing  one  another.  These  openings  are  12  inches  square, 
e  bound  with  iron  frames.  The  chimney  is  about  22  feet  high,  and  is  placed  at 
rle  of  the  hearth,  as  at/,/g.  298,  being  joined  by  an  inclined  fine  to  the  furnace, 
charging  it  with  ore  there  are  usually  placed  above  the  upper  part  of  the  vault  2 
s,  B  X,  in  a  line  with  the  doors ;  they  are  formed  of  4  plates  of  iron,  supported  in 
I  frame.   Beneath  each  of  them  there  is  an  orifice  for  letting  the  ore  down  into  the 

le  furnaces  serve  for  calcining  the  ore,  and  the  matts  orenuU  coppers :  for  the  latter 
6,  indeed,  furnaces  of  two  stories  are  sometimes  employed,  as  represented  in  Jig,  301. 
DDensions  of  each  fioor  in  this  case  are  a  little  less  than  the  preceding.  Two  doorsu 
respond  to  each  hearth,  and  the  workmen,  while  employed  at  the  upper  story,  stand 
raised  moveable  platform. 

2.  Melting Jkmace,  figs,  299  and  300.  The  form  of  the 
hearth  is  also  elliptiosU,  but  the  dimensions  are  smaller 
in  the  calcining  furnace.  The  length  does  not  exceed  11  or  11| 
feet,  and  the  breadth  varies  from  7  to  8.  The  fire-place  is 
however  larger  in  proportion,  its  length  being  from  3)  feet 
to  4,  and  its  breadth  from  3  to  3) ;  this  size  being  requisite 
to  produce  the  higher  temperature  of  this  furnace.  It  has 
fewer  openings,  there  being  commonly  three;  one  to  the 
fire-place  at  d,  a  second  one,  o,  in  the  side,  kept  generally 
shu^  and  used  only  when  incrustations  need  to  be  scraped 
off  the  hearth,  or  when  the  furnace  is  to  be  entered  for 
repairs;  and  the  third  or  working-door,  o,  placed  on  the 
front  of  the  furnace  beneath  the  chimney.  Through  it  the 
scoriae  are  raked  out,  and  the  melted  matters  are  stirred  and 
puddled,  Slc. 

The  hearth  is  bedded  with  infusible  sand,  and  slopes 
slightly  towards  the  side  door,  to  facilitate  the  discharge  of 
the  metal.  Above  this  door  there  is  a  hole  in  the  wall  of  the 
r  (fig.  300)  for  letting  the  metal  escape.  An  iron  gutter,  o,  leads  it  into  a  pit,  k, 
id  with  an  iron  receiving-pot,  which  may  be  liAed  out  by  a  crane.  The  pit  m  is 
ith  water,  and  the  metal  becomes  granulated  as  it  falls  into  the  receiver.  The 
fomaees  are  surmounted  by  a  hopper,  l,  as  shown  in  fig.  299. 

Melting  furnaces  are  sometimes  used  also  for  calcination. 
There  are  some  such  near  Swansea,  which  serve  this  double 
purpose ;  they  are  composed  of  3  floors  (fig.SOU)  The  floor 
A  is  destined  for  melting  the  calcined  ore ;  the  other  two, 
fi  c,  serve  for  calcination.  The  heat  being  less  powerful, 
upon  the  upper  sole  c,  the  ore  gets  dried  upon  it,  and  begins 
to  be  calcined  —  a  process  completed  on  the  next  floor. 
Square  holes,  d,  left  in  the  hearths  b  and  c,  put  them  in 
communication  with  each  other,  and  with  the  lower  one  a  ; 
these  perforations  are  shut  during  the  operation  by  a  sheet 
reoioveable  at  pleasure. 

MUths  b  and  c  are  made  of  bricks ;  they  are  horizonal  at  top  and  slightly  vaulted 
;  they  are  2  bricks  thick,  and  their  dimensions  are  larger  than  those  of  the  infe- 
rths,  as  they  extend  above  the  fire-place.  On  the  floors  destined  for  calcination 
ace  has  two  doors  on  one  of  its  sides :  on  the  lower  story  there  are  also  two ;  but 
diflferently  collocated.  The  first,  being  in  the  front  of  the  furnace,  serves  for 
oflT  the  scoriflp,  for  working  the  metal,  &c. ;  and  the  second,  upon  the  side,  admits 
n  to  make  necessary  repairs.  Below  this  door  the  discharge  or  tap-hole  a  is 
which  communicates  by  a  cast-iron  gutter  with  a  pit  filled  with  water.  The 
ms  of  this  furnace  in  length  and  breadth  are  nearly  the  same  as  those  of  the 
fomace  above  described ;  the  total  height  is  nearly  12  feet.  It  is  charged  by 
f  oife  or  two  hoppers. 

fatting  furnace,  —  The  furnaces  employed  for  this  purpose  are  in  general  analo- 
the  calcining  ones ;  but  in  the  smelting  works  of  Hafod,  the  property  of  Messrs. 
these  furnaces,  alluded  to  above,  present  a  peculiar  construction,  for  the  purpose 
ducing  a  continuous  current  of  air  upon  the  metal,  in  order  to  facilitate  its  oxy* 
L  This  process  was  originally  invented  by  Mr.  Sheffield,  who  disposed  of  his 
ight  to  Messrs.  Vivian. 

itr  k  admitted  by  a  channel,  c  c,  through  the  middle  of  the  fire-bridge,  >{g.  302,  and 
ig  all  its  length;  it  communicates  with  the  atmosphere  at  its  two  ends  cc; 
bdes,  6  fr,  left  at  right  angles  to  this  channel,  conduct  the  air  into  the  fVir- 
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nace.  This  ver)'  simple  construction  prodaces  a  powerfol  effect  in  the  masting  open- 
tion.  It  not  only  promotes  the  oiydizement  of  the  metals,  but  boroa  the  smoke,  and  is- 
flists  in  the  Taporizatton  of  the  sulphur  ;  while  by  keeping  the  hri^ge  cool  it  preaervei  it 
from  wasting,  and  secures  uniformity  of  temperature  to  the  hearth. 

4.  Refining  furnace.  —  In  this,  as  in  the  melting  furnace,  the  sole  slopes  towarff 
the  door  in  front,  instead  of  towairds  the  side  doors,  because  in  the  relininK  furnace  Ik 
copper  collects  into  a  cavity  formed  in  the  hearth  towards  the  front  door,  from  which  i! 
is  lifled  out  by  ladles ;  whereas,  in  the  melting  furnaces,  the  metal  is  run  oat  by  a  tip* 
hole  in  the  side.  The  hearth  sole  is  laid  with  sand ;  bat  the  roof  is  higher  than  in  the 
melting  furnace,  being  from  32  to  36  inches.  If  the  top  arch  were  too  mach  depreacd, 
there  might  be  produced  upon  the  surface  of  the  metal  a  layer  of  oxyde  rerj  pr^ndidil 
to  the  quality  of  the  copper.  When  the  metal  in  that  case  is  run  out,  its  surface  »- 
lidifies  and  cracks,  while  the  melted  cupper  beneath  breaks  through  and  spreads  imgn- 
larly  over  the  cake.  This  accident,  called  the  rising  of  the  copper^  hinders  it  fiYNn  bdig 
laminated,  and  requires  it  to  be  exposed  to  a  fresh  refining  process,  when  lead  must  he 
added  to  dissolve  the  oxyde  of  copper.  This  is  the  only  occasion  upon  which  the  addi- 
tion of  lead  is  proper  in  refining  copper.  When  the  metal  to  be  refined  is  mixed  with 
others,  particularly  with  tin,  as  in  extracting  copper  from  old  bells,  then  yery  wide  fa^ 
naces  must  be  employed,  to  expose  the  metallic  bath  upon  a  great  surface,  and  in  a  this 
stratum,  to  the  oxydizing  action  of  the  air. 

The  door  o,  fig,  300,  upon  the  side  of  the  refining  furnace,  is  very  large,  and  is  ihit 
with  a  flramed  brick  door,  balanced  by  a  counter-weight.  This  door  being  open  daring 
the  refining  process,  the  heat  is  stroneer  at  b  than  at  a,  (figs.  299, 300.) 

5.  Heating  fumace^f  being  destined  to  heat  the  pigs  or  bars  of  copper  to  be  laminated, 
as  well  as  the  copper  sheets  themselves,  are  made  much  longer  in  proportion  to  their 
breadth.  Their  hearth  is  horizontal,  the  vault  not  much  depressed ;  they  hare  only  one 
door,  placed  upon  the  side,  but  which  extends  nearly  the  whole  length  of  the  fnntiee; 
this  door  may  be  raised  by  means  of  a  counter-weight,  in  the  same  way  as  in  thefomaeis 
for  the  fabrication  of  sheet-iron  and  brass. 

Series  of  operations  to  which  the  ore  is  svbjected,  — The  ores  which  are  smelted  m  the 
Swansea  works  are  cupreous  p>Tites,  more  or  less  mingled  with  gangue  (vein-stone).  The 
pyrites  is  composed  of  nearly  equal  proportions  of  sulphurct  of  copper  and  ralphoret  of 
iron. 

The  earthy  matters  which  accompany  the  pyrites  are  usually  silicions,  though  in  some 
mines  the  metalliferous  deposiie  is  mixed  with  clay  or  fluate  of  lime.  Along  with  these 
substances,  pretty  uniformly  distributed,  tin  and  arscnicol  pyrites  occur  occasionallr 
with  the  copper ;  and  ihoutfh  these  two  metals  are  not  chemically  combined,  yet  they 
cannot  be  separated  entirely  in  the  mechanical  preparations.  The  constituent  parts  of 
the  ore  prepared  for  smelting  are,  therefore,  copper,  iron,  sulphur,  with  tin,  arsenic, 
and  earthy  matters  in  some  cases.  The  diti'erent  ores  are  mixed  in  such  proportions 
that  the  average  metallic  contents  may  amount  to  8^  per  cent.  The  smelting  process 
consists  in  alternate  roastings  and  fusions.  The  following  description  of  it  is  chiefly 
taken  from  an  excellent  paper,  published  by  John  Vivian,  Esq.,  in  the  Annals  of  Philo- 
sophy for  1823. 

In  the  roasting  operation  the  volotile  substances  are  disengaged  mostly  in  the  gaseons 
state,  while  the  metals  that  possess  a  strong  affinity  for  oxygen  become  oxydized.  In 
the  fusion  the  earthy  substances  combine  with  these  oxydes,  and  form  glassy  scoric  or 
slags  which  float  upon  the  surface  of  the  melted  metal. 

These  calcinations  and  fusions  take  place  in  the  following  order :  — 

1.  Calcination  of  the  ore.  2.  Melting  of  the  calcined  ore.  3.  Calcination  of  the 
coarse  metal.  4.  Melting  of  the  calcined  coarse  metal.  5.  Calcination  of  the  fine 
metal  (second  matt).  6.  Melting  of  the  calcined  fine  metal.  7.  Roasting  of  the 
coarse  copper.  In  some  smelting  works,  this  roasting  is  repeated  four  times;  in 
which  case  a  calcination  and  a  melting  are  omitted.  Iii  the  Havod  works,  however, 
the  same  saving  is  made  without  increasing  the  number  of  roastings.  8.  Refining  ff^ 
toughening  the  copper. 

Besides  these  operations,  which  constitute  the  treatment  of  copper  properly  speakia^  -b 
two  others  are  sometimes  performed,  in  which  only  the  scorise  are  melted.     These  ma 
be  designated  by  the  letters  a  and  b.    a  is  the  re-melting  of  the  portion  of  the  scoric^ 
of  the  second  process,  which  contain  some  metallic  granulations.   6  is  a  particular  melt- 
ing of  the  scoriee  of  the  fourth  operation.   This  fusion  is  intended  to  concentrate  th 
particles  of  copper  in  the  scorioc,  and  is  not  practised  in  all  smelting  works. 

First  operation.    Calcination  of  the  ore,  —  The  different  ores,  on  arriving  from  Con^ 
wall  and  other  districts  where  they  are  mined,  are  discharged  in  continuous  cargoes 
the  smelting  works,  in  such  a  way,  that  by  taking  out  a  portion  from  several  heaps 

a  time,  a  tolerably  uniform  mixture  of  ores  is  obtained;  which  is  very  essential  i  " 

a  foundry,  because,  the  ores  being  dififerent  in  qualities  and  contents,  they  act 
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flues  upon  tmch  other.  The  ore  thns  mixed  is  transported  to  the  works  in  wooden 
Bteasares  that  bold  a  hundred-weieht.  The  workmen  intrusted  with  the  calcinvtion 
coovey  the  ore  into  the  hoppers  of  the  calcining  furnace,  whence  it  falls  into  the  hearth ; 
Other  workmen  spread  h  nnifonnly  on  the  surface  by  iron  rakes.  The  charge  of  a  ftir- 
■aee  is  from  three  tons  to  three  tons  and  a  half.  Fire  is  applied  and  gradnally  increased, 
tiDy  towmrds  the  end  of  the  operation,  the  temperature  be  as  high  as  the  ore  can  support 
villMKit  melting  or  agglutinating.  To  prevent  this  running  together,  and  to  aid  the  ez- 
tiicntion  of  the  sulphur,  the  surfaces  are  renewed,  by  stirring  up  the  ore  at  the  end  of 
ctery  hour.  The  calcination  is  usually  completed  at  the  end  of  12  hours,  when  the  ore 
ii  tnmbled  into  the  arch  under  the  sole  of  the  furnace.  Whenever  the  ore  is  cold  enough 
In  be  moved,  it  u  taken  out  of  the  arch,  and  conveyed  to  the  calcined  heap. 

Tlw  ore  in  this  process  hardly  changes  weight,  having  gained  in  ozydizement  nearly 
M  mvch  as  it  has  lost  in  sulphur  and  arsenic ;  and  if  the  roasting  has  been  rightly  man- 
medy  the  ore  is  in  a  black  powder,  owing  to  the  oxyde  of  iron  present. 

Second  optrmiUm,  Fusion  of  the  calcined  on, — The  calcined  ore  is  likewise  given  to 
the  meltcrs  in  measures  containing  a  hundred  weight.  They  toss  it  into  hoppers,  and 
iAer  it  has  fallen  on  the  hearth,  they  spread  it  uniformly.  They  then  let  down  the 
door,  and  lute  it  tightly.  In  this  fusion  there  are  added  about  2  cwt.  of  scorim  pn>- 
eeeding  from  the  melting  of  the  calcined  matt,  to  be  afterwards  described.  The  olject 
of  thm  addition  is  not  only  to  extract  the  copper  that  these  scorim  may  contain,  but 
Ci|w dally  lo  increase  the  fusibility  of  the  mixture.  Sometimes  also,  when  the  compoti- 
tion  of  the  ore  requires  it,  lime,  sand,  or  fluor  spar  is  added ;  and  particularly  the  lust 
flninf  artiek. 

The  furnace  being  charged,  fire  is  applied,  and  the  sole  care  of  the  founder  is  to  keep 
■p  the  beat  so  as  to  have  a  perfect  fusion;  the  workman  then  opens  the  door,  and 
ilira  about  the  liquid  mass  to  complete  the  separation  of  the  metal  (or  rather  of  the 
Mtt)  from  the  scoris,  as  well  as  to  hinder  the  melted  matter  from  sticking  to  the  sole. 
Tbe  fomace  being  ready,  that  is,  the  fusion  being  perfect,  the  founder  takes  out  the 
leoriK  by  the  front  door,  by  means  of  a  rake.  When  the  matt  is  thus  freed  from  the 
scoriae,  a  second  charge  of  calcined  ore  is  then  introduced  lo  increase  the  metallic  bath ; 
which  second  (bsion  is  executed  like  the  first.  In  this  way,  new  charges  of  roasted  ore 
are  put  in  till  the  matt  collected  on  the  hearth  rises  to  a  level  with  the  door-way,  which 
happens  commonly  alter  the  third  charge.  The  tap  hole  is  now  opened;  the  matt 
flows  cot  into  the  pit  filled  with  water,  where  it  is  granulated  during  its  immersion; 
and  it  eollects  in  the  pan  placed  at  the  bottom.  The  granulated  matt  is  next  con- 
Jtjtd  into  the  matt  warehouse.  The  oxydation  with  which  the  grains  get  covered  by 
the  action  of  the  water  does  not  allow  the  proper  color  of  the  matt  or  coarse  metal  to 
be  distinguished ;  but  in  the  bits  which  stick  in  the  gutter,  it  is  seen  to  be  of  a  steel 
fray.  Its  fracture  is  compact,  and  its  lustre  metallic.  The  scorise  oAen  contain 
Betallie  grains;  they  are  broken  and  picked  with  care.  All  the  portions  which  include 
tome  m^allic  particles  are  re-melicd  in  an  accessory  process.  The  rejected  scorise 
bnTe  been  found  to  be  composed  of  silicious  matter  69,  oxyde  of  copper  1,  oxyde  of 
Ik  0-7. 

In  this  operation,  the  copper  is  concentrated  by  the  separation  of  a  great  part  of  the 
Mtters  with  which  it  was  mixed  or  combined.  The  granulated  matt  produced,  contains 
fai  general  33  per  cent,  of  copper ;  it  is  therefore  four  times  richer  than  the  ore ;  and  its 
Mas  is  consequently  diminished  in  that  proportion.  The  constituent  parts  are  princi- 
pally copper,  iron,  and  sulphur. 

Tlie  most  important  point  to  hit  in  the  fusion  just  described,  is  to  make  a  fusible  mix- 
tve  of  the  earths  and  the  oxydes,  so  that  the  matt  of  copper  may,  in  virtue  of  its  greater 
apcciflc  gravity,  fall  to  the  under-part,  and  separate  exactly  from  the  slaff.  This  point  is 
attained  by  means  of  the  metallic  oxydes  contained  in  the  scoria*  of  the  fourth  operation, 
af  which  2  cwU  were  added  to  the  charge.  These  consist  almost  entirely  of  black  oxyde 
cf  iron.  When  the  ores  are  very  difficult  to  melt,  a  measure  of  about  half  a  hundred- 
Wight  of  flnor  spar  is  added ;  but  this  must  be  done  with  precaution,  for  fear  of  in- 
ainsing  the  scorise  too  much. 

The  business  goes  on  day  and  night.  Five  charges  are  commonly  put  through  hands  in 
the  coone  of  24  hours ;  but  when  all  circumstances  are  favorable— that  is  to  say,  when 
tte  ore  is  fusible,  when  the  fuel  is  of  the  first  quality,  and  when  the  furnace  is  in  good 
eoaditioay  even  six  charges  a  day  have  been  despatched. 

The  ebarge  is  a  ton  and  a  half  of  calcined  ore,  so  that  a  melting  furnace  corresponds 
■early  to  a  calcining  furnace ;  the  latter  turning  out  nearly  7  tons  of  calcined  ore  in  24 

The  workmen  are  paid  by  the  ton. 

Third  optration.  Calcination  of  Iht  coarst  metal,  or  the  ma//.— The  object  of  this 
^pamtiott  it  prindpaUy  to  oxydize  the  iron,  an  oxydation  easier  to  execute  than  m  the  irst 
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ealcimng,  because  the  metal  is  now  disengaged  from  the  earthy  tobtlncei,  which 
screened  it  from  the  action  of  the  air. 

This  calcination  is  executed  in  the  famace  already  represented, /gi.  296,  297,  ^SH, 
page  324,  exactly  in  the  same  way  as  the  ore  was  calcined.  The  metal  mmt  be  perpeta- 
ally  stirred  about,  to  expose  all  its  surfaces  to  the  action  of  the  hot  air,  and  to  hinder  tlie 
clotting  together.  The  operation  lasts  24  hours;  during  the  first  six,  the  fire  should 
very  moderate,  and  thereafter  gradually  increased  to  the  end  of  the  ealciiiatkm.  The 
charge  is,  like  that  of  the  first,  3  tons  and  a  half. 

Fourth  operation.  Melting  of  the  calcined  coaree  meialf  or  calcined  mait^ — In  the 
fusion  of  this  first  calcined  matt,  some  scoriae  of  the  latter  operations  must  be  added,  whkk 
are  very  rich  in  oxyde  of  copper,  and  some  crusts  from  the  hearth,  which  are  Iflcewiie 
impregnated  with  it.  The  proportion  of  these  substances  varies  according  to  the  quality 
of  the  calcined  matt. 

In  this  second  fusion,  the  oxyde  of  copper  contained  in  the  scorise  is  redueed  by  the 
affinity  of  the  sulphur,  one  portion  of  which  passes  to  the  state  of  acid,  while  the  other 
forms  a  subsulphuret  with  the  copper  become  free.  The  matt  commonly  contains  a  sdP> 
ficient  quantity  of  sulphur  to  reduce  the  oxyde  of  copper  completely;  bot  if  not,  whidi 
may  happen  if  the  calcination  of  the  matt  has  been  pushed  too  far,  a  small  quantity  of 
unodcined  matt  must  be  introduced,  which,  by  furnishing  sulphur,  diminishes  the  rich- 
ness of  the  scorice,  and  facilitates  the  fusion. 

The  scorise  are  taken  out  by  the  front  door,  by  drawing  them  forward  with  a  rake. 
They  have  a  great  specific  gravity;  are  brilliant  with  metidlic  lustre,  very  crystalliBe, 
and  present,  in  the  cavities,  crystals  like  those  of  pyroxene;  they  break  easily  into  very 
sharp-edged  fragments.  They  contain  no  granulated  metal  in  the  interior ;  but  it  aoaie 
times  occurs,  on  account  of  the  small  thicknesses  of  the  stratum  of  scoriae,  that  these  esr 
ry  ofi!"  with  them,  when  they  are  withdrawn,  some  metallic  particles. 

These  scorisp,  as  we  have  already  stated,  under  the  fusion  of  the  roasted  ore,  are  is 
general  melted  with  it.   In  some  cases,  however,  a  special  melting  is  assigned  to  them. 

The  matt  obtained  in  this  second  fusion  is  either  run  out  into  water  like  the  first,  or 
moulded  into  pigs  (ingots),  according  to  the  mode  of  treatment  which  it  is  to  undeigo. 
This  matt,  called  by  the  smelters  fine  metal  when  it  is  granulated,  and  blue  metal  when  it 
is  in  pigs,  is  of  a  light  gray  color,  compact,  and  bluish  at  the  surface.  It  is  eoDected 
in  the  fir$t  form  when  it  is  to  be  calcined  anew ;  and  in  the  second,  when  it  most 
immediately  undergo  the  operation  of  roasting.  Its  contents  in  copper  are  60  per  anL 
This  operation,  which  is  sometimes  had  recourse  to,  lasts  5  or  6  hours.  The  charge  is  1 
ton. 

(6)  Particular  fusion  of  the  scoricrof  the  fourth  operation. — In  re-melting  these  scoria, 
the  object  is  to  procure  the  copper  which  they  contain.  To  effect  this  fusion,  the  scoria 
are  mixed  with  pulverized  coal,  or  other  larbt'naceous  matters.  The  copper  and  seversl 
other  meials  are  deoxydized,  and  furnish  a  white  and  brittle  alloy.  The  scoris  resulting 
from  this  melting  are  in  part  employed  in  the  first  melting,  and  in  part  thrown  avay. 
They  are  crystalline,  and  prcst»nt  crjstals  ofien  in  the  cavities,  which  appear  to  belong 
to  bisilicale  of  iron.  They  have  a  metallic  lustre,  and  break  into  very  sharp-edged 
fragments.  The  white  metal  is  melted  again,  and  then  united  to  the  product  of  the 
second  fusion. 

Fifth  operation.  Calcination  of  the  second  matt,  or  fine  metal  of  the  smelter. — Thh  is 
executed  in  precisely  the  same  way  as  that  of  the  first  matt.  It  lasts  24  hours;  and  the 
charge  is  usually  3  tons. 

Sixth  operation.  Melting  of  the  calcined  fine  metal, — This  fusion  is  conducted  like 
that  of  the  first  matt.  The  black  copper,  or  coarse  copper,  which  it  produces,  contains 
from  70  to  80  per  cent,  of  pure  metal ;  it  is  run  into  ingots,  in  order  to  undergo  the 
operation  of  roasting?. 

The  scoriae  are  rich  in  copper;  they  are  added  to  the  fusion  of  the  calcined  coarse  mettl 
of  the  fourth  operation. 

In  the  smelting  houses  of  Messrs.  Vivian,  at  Hafod,  near  Swansea,  the  fiAh  and  sixth 
operations  have  been  omitted  of  late  years.  The  second  matt  is  run  into  pigs,  under  the 
name  of  blue  metal,  to  be  immediately  exposed  to  the  roasting. 

The  disposition  of  the  canal  a  a',  fig.  302,  which  introduces  a  continuous  current  ofahr 
to  the  hearth  of  the  furnace,  accelerates  and  facilitates  the  calcination  of  the  matt;  an 
advanta&re  which  has  simplified  the  treatment,  by  diminishing  the  number  of  calculations. 

Seventh  operation.  Roasting  of  the  coarse  copper,  the  product  of  the  sixth  operatiOH, — 
Hie  chief  object  of  this  operation  is  oxydizement ;  it  is  performed  either  in  an  ordinary 
roasting  furnace,  or  in  the  one  belonging  to  fig,  302,  which  admits  a  constant  current  of 
air.  The  pigs  of  metal  derived  from  the  preceding  melting  are  exposed,  on  the  hearth 
of  the  furnace,  to  the  action  of  the  air,  which  oxydizes  the  iron  and  other  foreign  metals 
with  which  the  copper  is  still  contaminated.   The  duration  of  the  roasting  varies  from 


COFFER. 


329 


12  to  24  humn,  aeeording  to  the  degree  of  purity  of  the  crude  copper*  The  temperatore 
shoold  be  gpradoated,  in  order  that  Uie  oxydizement  may  have  time  to  complete,  and  that 
the  Tolatile  snbetancei  which  the  copper  still  retains  may  escape  in  the  gaseous  fonn. 
The  fosion  must  take  place  only  towards  the  end  of  the  operation. 

The  charge  varies  from  a  ton  and  a  quarter  to  a  ton  and  a  half.  The  metal  obtained 
is  run  out  into  moulds  of  sand.  It  is  covered  with  black  blisters,  like  steel  of  cementation ; 
whence  it  has  got  the  name  of  blistered  copper.  In  the  interior  of  these  pigs,  the  copper 
presents  a  porous  texture,  occasioned  by  the  ebullition  produced  by  the  escape  of  the 
gases  during  the  moulding.  The  copper  being  now  iJmost  entirely  purged  from  the 
sulphur,  iron,  and  the  other  substances  with  which  ii  was  combined,  is  in  a  fit  state  to  be 
refined.  This  operation  affords  some  soorise ;  they  are  very  heavy,  and  contain  a  great 
deal  of  ozyde  of  copper,  sometimes  even  metallic  copper. 

These  scoriie,  as  well  as  those  of  ihe  third  melting  and  of  the  refining,  are  added  to  the 
second  fusion,  as  we  have  already  stated,  in  describing  the  fourth  operation. 

In  some  works,  the  roasting  is  repeated  several  times  upon  the  blue  meiulf  in  order  to 
bring  it  to  a  state  fit  for  refining.  We  shall  afterwards  notice  this  modification  of  the 
treatment. 

Eighth  optration.  Rtfining  or  toughening.  — The  pigs  of  copper  intended  for  refining 
are  put  upon  the  sole  of  the  refining  furnace  through  the  door  in  the  side.  A  slight  heat 
is  first  given,  to  finish  the  roasting  or  oxydation,  in  case  this  operation  has  not  already 
been  pushed  far  enough.  The  fire  is  to  be  increased  by  slow  degrees,  so  that,  by  the  end 
of  6  hours,  the  copper  may  bc^in  to  flow.  When  all  the  metal  is  melted,  and  when  the 
heat  is  considerable,  the  workman  lifts  up  the  door  in  the  front,  and  withdraws  with  a 
rake  the  few  scoriae  which  may  cover  the  copper  bath.  They  are  red,  lamellated,  very 
heavy,  and  closely  resemble  protoxyde  of  copper. 

The  refiner  takes  then  an  assay  with  a  small  ladle,  and  when  it  cools,  breaks  it  in  a 
vice,  to  see  the  state  of  the  copper.  From  the  appearance  of  the  assay,  the  aspect  of  the, 
bath,  the  state  of  the  fire,  &c.,  he  judges  if  he  may  proceed  to  the  toughening,  and  what 
quantity  of  wooden  spars  and  wood  charcoal  he  must  add  to  render  the  metal  malleable, 
or,  in  the  language  of  the  smelters,  bring  it  to  the  proper  pitch.  When  the  operation  of 
refining  begins,  the  copper  is  brittle  or  dry,  and  of  a  deep  red  color  approaching  to  purple. 
Its  grain  is  eoarse,  open,  and  somewhat  crystalline. 

To  execute  the  refining,  the  surface  of  the  metal  is  covered  over  with  wood  charcoal, 
and  stirred  about  with  a  spar  or  rod  of  birch  wood.  The  gases  which  escape  from  the 
wood  occasion  a  brisk  effervescence.  More  wood  charcoid  is  added  from  time  to  time, 
so  that  the  surface  of  the  metal  may  be  always  covered  with  it,  and  the  stirring  is  con- 
tinued with  the  rods,  till  the  operation  of  refining  be  finished,  a  circumstance  indicated 
by  the  assays  taken  in  succession.  The  grain  of  the  copper  becomes  finer  and  finer, 
and  its  color  gradually  brightens.  When  the  grain  is  extremely  fine,  or  closed,  when 
the  trial  pieces,  half  cut  through  and  then  broken,  present  a  silky  fracture,  and  when  the 
copper  is  of  a  fine  light  red,  the  refiner  considers  the  operation  to  be  completed  ;  but  he 
Vtfifies  still  further  the  purity  of  the  copper,  by  trying  its  malleability.  For  this  pur- 
pose, he  lakes  out  a  sample  in  his  small  ladle,  and  pours  it  into  a  mould.  'When  the 
copper  is  solidified,  but  still  red-hot,  he  forges  it.  If  it  is  soft  under  the  hammer,  if  it 
does  not  crack  on  the  edges,  the  refiner  is  satisfied  with  its  ductility,  and  he  pronounces 
it  to  be  in  its  proper  state.  He  orders  the  workmen  to  mould  it ;  who  then  lift  the 
c^iper  ont  of  the  furnace  in  large  iron  ladles  lined  with  clay,  and  pour  it  into  moulds 
of  the  size  suitable  to  the  demands  of  commerce.  The  ordinary  dimensions  of  the  ingots 
or  pigs  are  12  inches  broad,  18  long,  and  from  2  to  2^  thick.  , 

The  period  of  the  refining  process  is  20  hours.     In  the  first  six,  the  metal  heats,  and 
^oiTers  a  kindhof  roasting ;  at  the  end  of  this  time  it  melts.   It  takes  four  hours  to  reach 
the  point  at  which  the  refining,  properly  speaking,  begins ;  and  this  last  part  of  the 
Proce»  lasts  about  4  hours.    Finally,  6  hours  are  required  to  arrange  the  moulds,  cast 
ingots,  and  let  the  furnace  cool. 
The  charge  of  copper  in  the  refining  process  depends  upon  the  dimensions  of  the  fbr- 
5^«e.  In  the  Hafod  works,  one  of  the  most  important  in  England,  the  charge  varies  from 
^  to  5  tons ;  and  the  quantity  of  pure  copper  manufactured  in  a  week  is  from  40  to  50  tons. 
The  eonsnmption  of  fuel  is  from  15  to  18  parts  of  coal,  for  one  part  of  refined  copper 
pig»- 

When  the  copper  offers  difiiculties  in  the  refining,  a  few  pounds  of  lend  are  added  to 
*^     This  metal,  by  the  facility  with  which  it  scorifies,  acts  as  a  purifier,  aiding  the 
^^dation  of  the  iron  and  other  metals  that  may  be  present  in  the  copper.    The  lead 
^^ht  to  be  added  immediately  after  removing  the  door  to  skim  the  surface.   The  copper 
^^4oaId  be  constantly  stirred  up,  to  expose  the  greatest  possible  surface  to  the  action  of  the 
and  to  produce  the  complete  oxydation  of  the  lead ;  for  the  smallest  quantity  of  thia 
te«tal  aQoyed  in  copper,  is  difiicult  to  clear  up  in  the  lamination ;  that  is  to  say,  (he 
*cale  of  ozyde  does  not  come  cleanly  from  the  surface  of  the  sheets. 
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The  operation  of  refining  copper  is  deliente,  nod  reqnirei,  vpoii  tte  put  cf  the  wodt 
men,  great  skill  and  attention  to  give  the  metid  its  dae  dnctflity.  Its  smfaee  on^^  t» 
be  entirely  covered  with  wood  charcoal ;  without  this  precantioii,  the  refimng  of  tke 
metal  would  go  back,  as  the  workmen  say,  during  the  kmg  intenral  whidi  dapses  in  tbe 
moulding ;  whenever  this  accident  happens,  the  metal  must  be  stirred  up  uew  with  thi 
wooden  pole. 

Too  long  employment  of  the  wooden  rod  gives  birth  to  another  remariiahle  aeeidat, 
fbr  the  copper  becomes  more  brittle  than  it  was  prknr  to  the  commeneement  of  the 
fining;  that  is,  when  it  was  dry,  lu  color  is  now  of  a  very  briUtant  yeDowish 
and  its  fracture  is  fibrous.  When  this  circumstance  occurs,  when  the  refinhig,  as  dte 
workmen  say,  has  gone  too  far,  the  refiner  removes  the  duurcoal  fhim  the  top  of  tk 
melted  metal ;  he  opens  the  side  door,  to  expose  the  copper  to  the  action  of  the  air,  ind 
it  then  resumes  its  malleable  condition. 

Mr.  Vivian,  to  whom  we  owe  the  above  very  graphic  account  of  the  processes, 
explained,  in  a  very  happy  manner,  the  theory  of  refining.  He  ooneeives,  we  may  eon- 
dude,  that  the  copper  in  the  dry  ttate,  before  the  refining,  is  combined  with  a  smdl  por- 
tion of  oxygen,  or,  in  other  words,  that  a  small  portion  of  oxyde  of  copper  is  diiTond 
through  the  mass,  or  combined  with  it ;  and  that  this  proportion  of  oxygen  Is  ezpdled 
by  the  deoxydizing  action  of  the  wood  and  charcoal,  whereby  the  metal  becomes  mslle- 
aUe.  2.  That  when  the  refining  process  is  carried  too  far,  the  copper  gets  combined  wifii 
a  little  charcoal.  Thus  copper,  like  iron,  is  brittle  when  combined  with  oxygen  sad 
charcoal ;  and  becomes  malleable  only  when  freed  entirely  from  these  two  sobstanees. 

It  is  remarkable,  that  eopper,  in  the  dry  stale,  has  a  very  strong  action  upon  iron ;  ssd 
that  the  tools  employed  in  stirring  the  liquid  metal  become  very  glistening,  like  thoK 
used  in  a  farrier's  forge.  The  iron  of  the  tools  consumes  more  rapidly  at  that  time,  thia 
when  the  copper  has  acquired  its  malleable  state.  The  metal  requires,  also,  when  dry, 
more  time  to  become  solid,  or  to  cool,  than  when  it  is  refined ;  a  circumstance  dependis^ 
probably,  upon  the  difi*ercnce  in  fusibility  of  the  copper  in  the  two  states,  and  whiehseoDS 
to  indicate,  as  in  the  case  of  iron,  the  presence  of  oxygen. 

When  the  proper  refining  point  has  been  passed,  another  very  remarinble  drcvm- 
stance  has  been  observed ;  namely,  that  the  surface  of  the  copper  oxydizes  more  difiicoltly, 
and  that  it  is  uncommonly  brilliant;  reflecting  dearly  the  bricks  of  the  fnmaee  vaott. 
This  fact  is  favorable  to  the  idea  suggested  above,  that  the  metal  is  In  that  case  eombised 
with  a  small  quantity  of  carbon ;  which  absorbs  the  oxygen  of  the  air,  and  thus  proteets 
the  metal  from  its  action. 

Copper  is  broucht  into  the  market  in  different  forms,  according  to  the  purposes  which 
it  is  to  serve.  What  is  to  be  employed  in  the  manufacture  of  brass  is  granulated.  In 
this  condition  it  presents  more  surface  to  the  action  of  zinc  or  calamine,  and  combines 
with  it  more  readily.  To  produce  this  granulation,  the  metal  is  poured  into  a  large 
ladle  pierced  with  holes,  and  placed  above  a  cistern  filled  with  water,  which  must  be 
hot  or  cold,  according  to  the  form  wished  in  the  grains.  When  it  is  hot,  round  grains 
are  obtained  analogous  to  lead  shot ;  and  the  copper  in  this  state  is  ealled  bean  shot, 
When  the  melted  copper  falls  into  cold  water  perpetually  renewed,  the  granulations  sre 
irregular,  thin,  and  ramified ;  constituting /^aMf red  shot.  The  bean  ahot  is  the  form  em- 
ployed in  brass  making. 

Copper  is  also  made  into  small  ingots,  about  6  ounces  in  weight.  These  are  intended 
for  exportation  to  the  East  Indies,  and  are  known  in  commerce  by  the  name  of  Japan 
copper.  AVhenever  these  little  pieces  are  solidified,  they  are  thrown,  while  hot,  into  cold 
water.  This  immersion  slightly  oxydizes  the  surface  of  the  copper,  and  gives  it  a  fine  red 
color. 

Lastly,  the  copper  is  often  reduced  into  sheets,  for  the  sheathing  of  ships,  and  many 
other  purposes.    The  Hnfud  works  possess  a  powerful  rolling  mill,  composed  of  foor 
pairs  of  cylinders.     It  is  moved  by  a  steam  engine,  whose  cylinder  has  40  inches 
diameter.     See  the  representation  of  the  rolling  mill  of  the  Royal  Mint,  under  ' 
Gold. 

The  cylinders  for  rolling  copper  into  sheets  are  usually  3  feet  long,  and  15  inches  in  J 
diameter.  They  are  uniform.  The  upper  roller  may  be  approached  to  the  under  one,  m 
by  a  screw,  so  that  the  cylinders  are  brought  doser,  as  the  sheet  is  to  be  made  thinner. 

The  ingots  of  copper  are  laid  upon  the  sole  of  a  reverberailry  furnace  to  be  heated ;  S 
they  are  placed  alongside  each  other,  and  they  are  formed  into  piles  in  a  cross-like  ar^ — 
rangement,  so  that  the  hot  air  may  pass  freely  round  them  all.  The  door  of  the  fumacegg 
IB  shut,  and  the  workman  looks  in  through  a  peep>hole  from  time  to  time,  to  see  if  they^ 
have  taken  the  requisite  temperature ;  namely,  a  dull  red.  The  copper  is  now  passers 
between  the  cylinders ;  but  although  this  metal  be  very  malleable,  the  ingots  cannot  b^^ 
reduced  to  sheets  without  being  several  times  heated ;  because  the  copper  cools,  and  ae  ^ 
quires,  by  compression,  a  texture  which  stops  the  progress  of  the  lamination. 

These  successive  heatings  are  given  in  the  furnace  indicated  above ;  though,  when  tht^- 
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Bbeete  are  to  have  a  very  great  size,  farnaces  somewhat  different  are  had  reeonrse  to. 
They  are  from  12  to  15  feet  long,  and  5  wide.   See  Brass. 

The  copper,  by  successive  heating  and  lamination,  gets  covered  with  a  coai  of  oxyde. 
Which  is  removed  by  steeping  the  sheets  for  a  few  days  in  a  pit  filled  with  urine ;  they 
are  then  put  upon  the  sole  of  the  heating  furnace.  Ammonia  is  formed,  which  acts  on 
the  copper  oxyde,  and  lays  bare  the  metallic  surface.  The  sheets  are  next  rubbed  whh 
a  piece  of  wood,  then  plunged,  whfle  still  hot,  into  water,  to  make  the  oxyde  scale  off; 
and  lastly,  they  are  passed  cold  through  the  rolling  press  to  smooth  them.  They  are  now 
ent  aqtiare,  and  packed  up  for  home  sale  or  exportation. 

The  following  estimate  has  been  given  by  MM.  Bnfrenoy  and  £Ue  de  Beaumont  of 
Am  expense  of  manufacturing  a  ton  of  copper  in  South  Wales. 

£   ».  d. 

12|  tons  of  ore,  yielding  8)  per  cent,  of  copper  56  0  0 
20  tons  of  coals  -  -  -  -  8  0  0 
Workmen's  wages,  rent,  repairs,  &c.  -        *  13   0  0 
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The  exhalations  from  the  copper  smelting  works  are  very  detrimental  to  bothvegetaMe 
and  animal  life.  They  consist  of  sulphurous  acid,  sulphuric  acid,  arsenic,  and  arsenions 
acidsy  various  gases  and  fluoric  vapors,  with  solid  particles  mechanically  swept  away  into 
the  air,  besides  the  coal  smoke.  Mr.  Vivian  has  invented  a  very  ingenious  method  of 
passing  the  exhalations  from  the  calcining  ores  and  matla  along  horizontal  flues,  or  rather 
galleries  of  great  dimensions,  with  many  crossings  and  windings  of  the  current,  and  ex- 
posure during  the  greater  part  of  the  circuit  to  copious  showers  of  cold  water.  By  this 
simple  and  powerfiU  system  of  condensation,  the  arsenic  is  deposited  in  the  bottoms  of 
the  fines,  the  sulphurous  acid  is  in  a  great  measure  absorbed,  and  the  nuisance  is  re- 
markably abated. 

The  following  figures  represent  certain  modifications  of  the  copper  calcining  and 
anelting  copper  furnaces  of  Swansea. 

Fig.  304,  is  the  section  of  the  roasting  furnace  lengthwise;  fig.  303,  the. ground  plan; 
ia  wUch  a  is  the  fire-door ;  b  the  grate ;  c  the  fore-bridge ;  d  the  chinmey ;  c  e  working 
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apertnret  on  each  of  the 
long  sides  of  the  fbmace, 
through  which  the  dre  is  in- 
troduced, spread,  and  turned 
over;  //cast-iron  hoppers; 
gg  openings  in  the  vaulted 
roof;  A  the  hearth-sole;  it 
holes  in  this ;  k  a  vaulted 
space  under  the  hearth.  The 
hearth  has  a  suitable  oval 
shape,  and  is  covered  with 
a  flat  arch.  Its  length  is 
16  feet,  breadth  13),  mean 

hetght  2  leet.  ^  *  ^  , 

Fig.  305,  Is  a  lon^Undlnal  «e(^  «f  tbr  mdlfng  mace ;  /If.  306,  the  ground  pl», 
in  which  a  h  the  fire  Joor ;  h  the  graie  j  c  ihe  Ire  hfldp ;  d  the  chimney ;  <  the  side 
openings;  /  the  working  doors;  g  the  raking-out  hole;  h  iron  spouts,  which  conduct 
thf  mdted  metal  into  pits  fiUed  with  water.  . 
The  aiehing  Aimace  is  altogether  smaller ;  bat  ito  firing  hearth  is  eonsidenUy  lirgar 
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than  in  the  roasting  furnace.  The  long  axis  of  the  oval  hearth  is  14  feet;  its  short  ssi 
10  feet ;  its  mean  hcighit  2  feet. 

The  principal  ore  smdted  at  Chessr  ii 
the  azure  eopper,  which  was  diseoToed 
by  accident  in  1812.  Red  eopper  ore,d^ 
has  eome  into  operation  there  since  1S25. 
The  average  metallic  eootents  of  the  ricbetf 
azure  ore  are  from  33  to  36  per  cent ;  of 
the  poorer,  from  20  to  24.  The  red  ore 
contains  fhnn  40  to  67  parts  in  100.  The 
ore  is  sorted,  so  that  the  mean  oontenti  of 
metal  may  be  27  per  eent.,  to  which  80 
per  cent,  of  limestone  are  added ;  whence 
the  cinder  will  amount  to  50  per  cent  of 
the  ore.  A  few  per  cents,  of  red  copper 
slag,  with  some  quicklime  and  gahrdag,9n 
added  to  each  charge,  whieh  consisu  of 
200  pounds  of  the  above  mixture,  and 
150  pounds  of  coke.  When  the  fumsce 
(fi>umea%  d  mancfu,  see  the  Scotch  smelting  hearth,  under  Lbad)  is  in  good  actios, 
from  10  to  14  such  charges  are  worked  in  12  hours.  When  the  emcihle  is  full  ot  mettl 
at  the  end  of  this  period,  during  which  the  cinder  has  been  frequently  raked  off,  the  blast 
is  stopped,  and  the  matte  floating  over  the  metal  being  sprinkled  with  water  and  takes 
off,  leaves  the  black  copper  to  be  treated  in  a  similar  way,  and  converted  into  rosettts. 
The  refining  of  this  black  copper  is  performed  in  a  kind  of  reverberatory  fnmaee. 

The  cinders  produced  in  this  reduction  process  are  either  vitreous  and  light  bloe^ 
which  are  most  abundant;  cellular,  black,  imperfectly  fused  from  ezeess  of  lime;  or, 
lastly,  red,  dense,  blistery,  from  defect  of  lime,  from  too  much  heat,  and  the  passage  of 
protoxyde  into  the  cinders.  They  consist  of  silicate  of  alumina,  of  lime,  protoxyde  of 
iron ;  the  red  contain  some  silicate  of  copper. 

S07 

The  eopper-refining  fur- 
nace at  Chessy,  near  Ly- 
ons, is  of  the  kind  called 
SpUiMfen  (split  hearths) 
by  the  Germans.  Fig,  307 
is  a  section  lengthwise  in 
the  dotted  line  a  b  of  fig. 
308,  which  is  the  growMi 
plan. 

The  foundation-walls  are 
made  of  gneiss ;  the  arch, 
the  fire-bridge,  and  the 
chimney,  of  fire-bricks.  The 
hearth,  a,  is  formed  of  a 
dense  mixture  of  coal-dust, 
upon  a  bottom  of  well-best 
day,  6,  which  reposes  upon 
a  bed  of  brickwork  c.  Be- 
neath thjs  there  is  a  slsg 
bottom  d ;  e  is  the  upper, 
and  /  the  under  discharge 
hole.  The  hearth  is  egg- 
shaped  ;  the  longer  axis  be- 
ing 8  feet,  the  shorter  6| 
feet;  in  the  middle  it  is  10 
inches  deep,  and  furnished  with  the  outlets  g  g,  which  lead  to  each  of  the  Spleiss-heariki 
h  kyfig,  308.  These  outlets  are  contracted  with  fire-bricks  1 1,  till  the  proper  period  of 
the  discharge.  The  two  hearths  are  placed  in  communication  by  a  canal  k:  they  are  3| 
feet  in  diameter,  16  inches  deep ;  are  floored  with  well-beat  coal  ashes,  and  receive  about 
27  cwt.  for  a  charge. 

liB  the  grate;  m,  the  fire-bridge;  n,  the  boshes  in  which  the  tuyiret  lie;  o,  the 
ehimney;  p,  the  working  door  through  which  the  slags  may  be  drawn  off.  Above 
this  is  a  small  chimney,  to  carry  off  the  flame  and  smoke  whenever  the  door  is 
opened. 

The  smelting  post  or  charge,  to  be  purifled  at  once,  consists  of  60  cwt  of  Uack 
eopper,  to  which  a  little  granular  copper  and  copper  of  cementation  is  added;  the 
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eonsiunption  of  pit-coal  amounts  to  36  cwt.  As  soon  as  the  copper  is  melted,  the 
bciiows  are  set  a-going,  and  the  sorface  of  the  metal  gets  soon  covered  with  a 
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moderately  thick  layer  of  cinder,  which  is  drawn  off.  This  is  the  first  skimming  or 
dicra*9ag^.  By  and  by,  a  second  layer  of  cinder  forms,  which  is  in  like  manner 
removed ;  and  this  skimming  is  repeated,  to  allow  the  blast  to  act  npon  fresh  metaUie 
surfaces.  AAer  4  or  5  hours,  no  more  slag  appears,  and  then  the  fire  is  increased. 
The  melted  mass  now  begins  to  boil  or  work  (travaiUer),  and  continues  so  to  do,  for 
about  I  of  an  hour,  or  an  hour,  af\er  which  the  motion  ceases,  though  the  fire  be  kept 
up.  The  gahrproof  is  now  taken ;  but  the  metal  is  seldom  fine  in  less  than  {  of  an 
hoar  after  the  boil  is  over.  Whenever  the  metal  is  run  off  by  the  tap-hole  into  the 
two  basins  1 1,  called  split-hearths,  a  reddish  vapor  or  mist  rises  from  its  surface, 
eompmed  of  an  infinite  number  of  minute  globules,  which  revolve  with  astoni^iing 
Telocity  apon  their  axes,  constituting  what  the  Grermans  called  apratzen  (crackling)  of 
the  copper.  They  are  composed  of  a  nucleus  of  metal,  covered  with  a  film  of  protoxyde, 
aad  are  used  as  sand  for  strewing  upon  manuscript.  The  copper  is  separated,  as  usual,  by 
8|Mriiikling  water  upon  the  surface  of  the  melted  metal,  in  the  state  of  routtes,  which  are 
inunediately  iomiersed  in  a  stream  of  water.  This  refining  process  lasts  about  16  or  17 
lioiirs;  the  skimmings  weigh  about  50  cwt.  ;  •  the  refuse  is  from  15  to  17  per  cent. ;  the 
Iocs  fttm  2  to  3  per  cent.   The  gahrslag  amounts  to  11  cwt. 

The  refining  of  the  eliquated  copper  (called  darrlinge)  from  which  the  silver  has  been 
arweated  out  by  the  intervention  of  lead,  can  be  performed  only  in  small  hearths.  The 
fisllowing  is  the  representation  of  such  a  furnace,  called,  in  German,  Kupfergahrhurd. 
309  is  the  section  lengthwise  ;  ftg.  310  is  the  section  across;  and  fig,  311  is  tiM 


^^JUnd  plan,  in  which  a  is  the  hearth-hollow ;  b,  a  massive  wall ;  c,  the  mass  ont  of 
^^icb  the  hearth  is  formed;      cast-iron  pUtes  covering  the  hearth;  <,  opening  for 
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runnug  off  the  liquid  8lag;  /,  a  small  wall;      iron  curb  for  keepinf  the  enk 
toother. 

The  hearth  being  heated  with  a  bed  of  charcoal,  |  cwt.  of  darrlingt  are  laid  over  it, 
and  covered  with  more  fuel :  whenever  this  charge  is  melted,  another  layer  of  the  eoil 
and  darrlinge  is  introduced,  and  thus  in  succession  till  the  hearth  become  fbll,er 
contain  from  2}  to  2jt  cwt.  In  Neustadt  7|  cwt.  of  darrlinge  have  been  refined  ia  om 
furnace,  frum  which  6  cwt.  of  gahrcopper  has  been  obtain^].  The  blast  oxydizei  Ike 
foreign  metal<^  namely,  the  lead,  nickel,  cobalt,  and  iron,  with  a  little  copper,  fimnmg 
the  gakrslag;  which  is,  at  first,  rich  in  lead  oxyde,  and  poor  in  copper  oxyde ;  bat,  at  Ike 
end,  this  order  is  reversed.  The  slag,  at  first  bUckish,  assumes  progressively  a  eoppcr 
red  tint.  The  slag  flows  off  spontaneously  along  the  channel  e,  from  the  snr&ce  of  Ike 
hearth.  The  gahre  is  tested  by  means  of  a  proof-rod  of  iron,  called  gakr-iitm,  thrat 
though  the  luyire  into  the  melted  copper,  then  drawn  out  and  plung«l  in  cold  mtnr. 
As  soon  as  the  gahrspan  (scale  of  copper)  appears  brownish  red  on  the  ootside,  tid 
copper  red  within,  so  thin  that  it  seems  like  a  net-work,  and  'so  deficient  in  teudty 
that  it  cannot  be  bent  without  breaking,  the  refining  is  finished.  Hie  blast  it  thn 
stopped ;  the  coals  covering  the  surface,  as  also  the  cinders,  must  be  raked  ofi"  the  copper, 
after  beins;  led  to  cool  a  Utile ;  the  surface  is  now  cooled  by  sprinkUni^  water  upoi  it, 
and  the  thick  cake  of  congealed  metal  (rondelle)  is  liAed  ofif  with  tongs,  a  proeess  called 
achkissen  (slicing),  or  sheibenreissen  (shaving),  which  is  continued  till  the  last  convex  cake 
at  the  bottom  of  the  furnace,  styled  the  kingtpiece,  is  withdrawn.  Tbese  rtmdellu  are 
immediately  immersed  in  cold  water,  to  prevent  the  oxydation  of  the  copper;  whempoa 
the  metal  becomes  of  a  cochineal  red  color,  and  gets  covered  with  a  thin  film  of 
protoxyde.  Its  under  surface  is  studded  over  with  points  and  hooks,  the  resohof 
tearing  the  congealed  disc  from  the  liquid  metal.  Such  cakes  are  called  rottiie  copper. 
When  the  metal  is  very  pure  and  free  from  protoxyde,  these  cakes  may  be  obtained  rwy 
thin,  one  24th  of  an  incli  for  example. 

The  refining  of  two  cwts.  and  a  half  of  darrlinge  takes  three  quarters  of  an  hour,aBd 
yields  one  cwt.  and  a  half  of  gahrcopper  in  36  rosettes,  as  also  some  gaktMlag,  Gahr- 
copper generally  contains  from  1|  to  2|  per  cent,  of  lead,  along  with  a  Htue  nickel, 
silver,  iron,  and  aluminum. 

Smelting  of  ihe  Mamufeld  copper  schitt,  or  bituminou$  Mergeltdiieftr^ — ^The  cnpreooi 
ore  is  first  roasted  in  large  heaps,  of  2000  cwts.,  interstratified  with  bmsh-wood,  sad 
with  some  slatPS  rich  in  bituminous  matter,  mixc^  with  the  others.  These  heaps  are 
3  ells  high,  and  go  on  burning  15  weeks  in  fair  and  20  in  rainy  weather.  The  bitumen 
is  decomposed ;  the  sulphur  is  dissipated  chiefly  in  the  form  of  sulphurous  acid ;  the  metal 
gets  partially  oxydized,  particularly  the  iron,  which  is  a  very  desirable  circnmstMice 
towards  the  production  of  a  good  smelting  sing.  The  calcined  ore  is  diminished  oae 
tenth  in  bulk,  and  one  eighth  in  weight ;  becoming  of  a  friable  texture  and  a  dirty  yeUow 
gray  color.  The  smelting  furnaces  are  cupolas  (schachto/en),  14  to  18  feet  high;  the 
fuel  is  partly  wood  charcoal,  partly  coke  from  the  Berlin  gas-works,  and  Silesia.  The 
blast  is  given  by  cylinder  bellows,  recently  substituted  for  the  old  barbarous  BUuebiUgai, 
or  wooden  bellows  of  the  household  form. 

The  cupreous  slate  is  sorted,  according  to  its  composition,  into  slate  of  lime,  clay,  inn, 
&c.,  by  a  mixture  of  which  the  smelting  is  facilitated.  For  example,  1  post  or  charge  may 
consist  of  20  cwt.  of  the  ferruginous  slate,  14  of  the  calcareous,  6  of  the  argillaceoos,  with 
3  of  fluor  spar,  3  of  rich  copper  slags,  and  other  refuse  matters.  The  noule  at  the 
tuyere  is  lengthened  6  or  8  inches,  to  place  the  melting  heat  near  the  centre  of  the 
furnace.  In  15  hours  1  fodder  of  48  cwts.  of  the  above  mixture  may  be  smelted, 
whereby  4  to  5  cwts.  of  maiie  (crude  copper,  called  Kup/erstein  in  Gomany)  and  a 
large  body  of  shtgs  are  obtained.  The  nuute  contains  from  30  to  40  per  cenL  of  copper, 
and  from  2  to  4  loihs  (1  to  2  oz. )  of  silver.  The  slags  contain  at  times  one  tenth  their 
weight  of  copper. 

The  matte  is  composed  of  the  sulphurets  of  copper,  iron,  silver,  zinc,  along  with  some 
arsenical  cobalt  and  nickel.  The  slaty  slag  is  raked  oflf  the  surface  of  the  ntelted  matte 
from  time  to  time.  The  former  is  either  aAer  being  roasted  six  successive  times, 
smelted  into  black  copper ;  or  it  is  subjected  to  the  following  concentration  process.  It 
is  broken  to  pieces,  roasted  by  brushwood  and  coals  three  several  times  in  brick-walled 
kilns,  containing  60  cwts.,  and  turned  over  aAer  every  calcination ;  a  process  of  four 
weeks'  duration.  The  thrice  roasted  mass,  called  spurroat,  being  melted  in  the  cupola 
fig*  313,  with  ore-cinder,  yields  the  spur$teiny  or  concentrated  matte.  From  30  to  40  cwts. 
of  spurrost  are  smelted  in  24  hours ;  and  from  48  to  60  per  cent,  of  spureian  are  obtained, 
the  slag  from  the  skite  smelting  being  employed  as  a  flux.  The  spurstein  contains  finom 
60  to  60  per  cent,  of  copper,  combined  with  the  sulphurets  of  copper,  of  iron,  and 
■Uver. 

The  spurstein  is  now  mixed  with  dikmutein  (a  sulphuret  of  copper  and  iron  prodneed 
in  the  original  smellings)  roasted  six  successive  timesy  in  the  quantity  of  00  entM.,  idxk 
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bmhvDod  ud  ehareotl;  a  process  which  requires  from  7  to  8  weeks.  The  product  of 
this  six-fold  calcination  is  the  Gahrro»t  of  the  Germans  (done  and  purified) ;  it  has  a 
aoltr  like  red  copper  ore,  varying  from  blue  gray  into  cochineal  red ;  a  granular  frac- 
Iwe;  tleontmins  a  little  of  the  metal,  and  may  be  immediately  reduced  into  metallic 
capper,  called  hnfftrmaektii.  But  before  smelting  the  mas;,  it  is  lixiviated  with  water, 
to  eiUact  from  it  the  soluble  sulphate,  which  is  concentrated  in  lead  pans,  and  crys- 

The  UxiTiated  gahrdite  mixed  with  from  }  to  |.  of  the  lixiviated  dumuteinroat,  and  ^  to  ^ 
of  the  copper  slate  slag,  are  smelted  with  charcoal  or  coke  fuel  in  the  course  of  24  hourS| 
ia  a  mass  of  60  or  80  cwts.  The  product  is  black  copper,  to  the  amount  of  about  }  the 
Wright,  and  ^  of  duitntiein  or  thin  matte.  This  black  copper  contains  in  the  cwt.  from 
12  to  20  loths  (6  to  10  oz.)  of  silver.  The  dunnstein  consists  of  from  60  to  70  per  cent« 
of  copper  combined  with  sulphur,  sulphuret  of  iron,  and  arsenic ;  and  when  thrice 
netted,  jieUs  a  portion  of  metal.  The  black  copper  lies  undermost  in  the  crucible  of 
the  furnace ;  above  it  is  the  dUnnstein,  covered  with  the  stone  slag,  or  copper  cindeff 
resahing  from  the  slate-smelting.  The  slags  being  raked  off,  and  the  crucible  sufficiently 
fhll,  the'  eye  or  nozzle  hole  is  shut,  the  dUmiutein  removed  by  cooling  the  surface  and 
teeaking  the  crust,  which  is  about  i  to  i  inch  thick.  The  same  method  is  adopted  for 
taking  out  the  black  copper  in  successive  layers.  For  the  de-silvering  of  this  and  similar 
Uach  coppers,  see  Silveb. 

Fig.  312  is  a  vertical  section 
through  the  form  or  tuyire  in 
the  dotted  line  ▲  b  of  fig.  314, 
Fig.  313  is  a  vertical  section  m 
the  dotted  line  c  d  ofyig.  316.  a 
is  the  shaA  of  the  furnace,  b  the 
rest,  c  c  the  forms ;  d  the  sole  or 
hearth-stone,  which  has  a  slope 
of  3  inches  towards  the  front 
wall ;  €  €,  dec.  casing  walls  of  fire 
bricks ;  //,  dec.  filling  up  wallf 
built  of  rubbish  stones ;  g  g  n 
mass  through  which  the  heat  is 
slowly  conducted  {  A  &  the  two 
holes  through  one  or  other  of 
which  alternately  the  product  of 
the  smelting  process  is  run  off 
into  the  fore-hearth.  Beneath 
the  hearth-sole  there  is  a  solid 
body  of  ^Mun ;  and  the  ibre- 
h earth  is  formed  with  a  mixXure 
of  coal-dust  and  day;  is  the 
discharge  outlet.  Fig.  314  is  n 
horizontal  section  of  the  fomnee 
through  the  hole  or  eye  in  the 
dotted  line  s  r  of  yig.  312;  flg» 
315,  a  horizontal  section  of  t£e 
shaft  of  the  furnace  through  the 
ftnn  in  the  dotted  line  o  h  of  ftg».  312  and  313.  The  height  of  the  shaH,  from  the  line 
B  r  to  the  top,  is  14  feet ;  from  e  to  g,  25  inches ;  from  c  to  the  line  below  6,  2  feetf 
ficn  that  line  to  the  line  opposite  g  g,  2  feet.  The  width  at  the  line  g  g  is  3  feet  3  inchci» 
nd  al  r  26  inches.  The  basins  t  t,yig.  314,  are  3  feet  diameter,  and  20  inches  deep. 

The  refining  of  copper  is  said  to  be  well  executed  at  Seville,  in  Spain ;  and,  therefore^ 
MBC  aeeoant  of  the  mode  of  operating  there  may  be  accepuble  to  the  reader. 

The  first  object  is  to  evaporate  in  a  reverberatory  furnace  all  the  volatile  substancaa, 
iMh  as  salphur,  arsenic,  antimony,  which  may  be  associated  with  the  sulphur;  and 
the  second,  to  ozydize  and  to  convert  into  scorim  the  fixed  substances,  such  as  iron,  lead, 
with  the  least  possible  expense  and  waste.  The  minute  quantities  of  gold  and  ail- 
nr  which  resist  ozydation  cannot  be  in  any  way  injurkms  to  the  copper.  The  hearth 
kawally  made  of  a  refractory  sand  and  day  with  ground  charcoal,  each  mixed  in  equal 
fphimes,  and  worked  up  into  a  doughy  consistence  with  water.  This  composition  ia 
Isat  firmly  into  the  furnace  bottom.  But  a  quartzose  hearth  is  found  to  answer  better, 
Md  to  he  iajr  more  durable ;  such  as  a  bed  of  fire-sandstone. 

Bdore  kindling  the  furnace,  its  inner  surface  is  smeared  over  with  a  cream-conp 
Hinced  mixtnre  of  fire-day  and  wafer. 

The  cast  pigs,  or  blocks  of  black  or  crude  copper,  are  piled  upon  the  hearth,  each  snc- 
Sttiive  layer  crossing  at  right  angles  the  layer  beneath  it,  in  order  that  the  fiame  nay 


336 


COPPFJL 


have  access  to  play  npoQ  the  surface  of  the  hearth,  and  to  heat  it  to  a  proper  pitdi  fa 

making;  the  metal  flow. 

The  weight  of  the  charge  should  be  proportional  to  the  capacity  of  the  famace,  aii 
such  that  the  level  of  the  metallic  bath  may  be  about  an  inch  abore  the  nosile  of  Ik 
bellows ;  for,  were  it  higher,  it  would  obstruct  its  operatioo,  and  weie  it  too  low,  tk 
stream  of  air  would  strike  but  imperfectly  the  surface  of  the  metal,  and  would  fail  to 
effect,  or  would  retard  at  least,  the  refining  process,  by  leaving  the  oxydatioa  and  rokr 
tilization  of  the  foreign  metals  incomplete. 

As  the  scorioe  form  upon  the  surface,  they  are  drawn  off  with  an  iron  rabUe  fixed  to 
the  end  of  a  wooden  rod. 

Soon  aAer  the  copper  is  melted,  charcoal  is  to  be  kindled  in  three  inm  baiini  UmI 
with  loam,  placed  Qjongside  the  furnace,  to  prepare  them  for  receiving  their  ehaige  d 
copper,  which  is  to  be  converted  in  them,  into  roatttes. 

The  bellows  are  not  long  in  action  before  the  evaporation  of  the  mineral  nbetneei 
is  so  copious,  as  to  give  the  bath  a  boiling  appearance ;  some  drops  rise  vp  to  the  roof 
of  the  reverbieratory,  others  escape  by  the  door,  and  fall  in  a  shower  of  minate  ipherkal 
globules.  This  phenomenon  proves  that  the  process  is  going  on  well ;  and,  when  it 
ceases,  the  operation  is  nearly  completed.  A  small  proof  of  copper,  of  the  form  of  a 
watch-case,  and  therefore  called  montrt,  is  taken  out  from  time  to  time,  upon  the  roud 
end  of  a  polished  iron  rod,  previously  heated.  This  rod  is  dipped  two  or  three  iaches 
into  the  bath,  then  withdrawn  and  immersed  in  coU  water.  The  copper  cap  is  detached 
from  the  iron  rod,  by  a  few  blows  of  a  hammer;  and  a  judgment  is  formed  from  its  thick- 
ness, color,  and  polish,  as  to  the  degree  of  purity  which  the  copper  has  aeqaired.  Bot 
these  watches  need  not  be  drawn  till  the  small  rain,  above  spoken  of,  has  ceased  to  fill 
At  the  end  of  about  11  hours  of  firing,  the  numerous  small  holes  observable  in  the  fint 
VKiteh  samples  begin  to  disappear;  the  outer  surface  passes  from  a  bright  red  to  a  darker 
hne,  the  inner  one  becomes  of  a  more  uniform  color,  and  always  less  and  less  marked 
with  yellowish  spots.  It  will  have  acquired  the  greatest  pitch  of  purity  that  the  proee» 
can  bestow,  when  the  toatches  become  of  a  dark  crimson  color. 

Care  must  be  taken  to  stop  this  refining  process  at  the  proper  time ;  for,  by  pndong- 
ing  it  unduly,  a  small  quantity  of  cupreous  oxyde  would  be  formed,  which,  finding  no 
oxygen  to  reduce  it,  would  render  the  whole  body  of  copper  hard,  brittle,  and  incapable 
of  lamination. 

The  basins  must  now  be  emptied  of  their  burning  charcoal,  the  opening  of  the  Hn/ht 
must  be  closed,  and  the  melted  copper  allowed  to  flow  into  them  through  the  tap-hole, 
which  is  then  closed  with  loam.  Whenever  the  surface  is  covered  with  a  solid  crust,  it 
is  bedewed  with  water;  and  as  soon  as  the  crust  is  about  1|  inch  thick  it  is  raised  upon 
hooks  above  the  basin,  to  drain  off  any  drops,  and  then  carried  away  from  the  furnace. 
If  these  cakes,  or  rosettes,  be  suddenly  cooled  by  plungins:  them  immediately  in  water, 
they  will  assume  a  fine  red  color,  from  the  formation  of  a  film  of  oxyde. 

Each  refining  operation  produces,  in  about  12  hours,  1 JL  tons  of  copper,  with  the  con- 
sumption of  about  ^  of  a  ton  of  dry  wood. 

Care  should  be  taken  that  the  copper  cake  or  rosette  be  all  solidified  before  plunging 
it  into  water,  otherwise  a  very  dangerous  explosion  might  ensue,  in  consequence  of  the 
sudden  extrication  of  oxygen  from  the  liquid  metal,  in  the  act  of  condensation.  On  the 
other  hand,  the  cake  should  not  be  allowed  to  cool  too  long  in  the  air,  lest  it  get  peroxy- 
dized  upon  the  surface,  and  lose  thase  fine  red,  purple,  and  yellow  shades,  doe  to  a  film 
of  the  protoxyde,  which  many  dealers  admire. 

When  a  little  oxyde  of  antimony  and  oxyde  of  copper  are  combined  with  copper, 
they  occasion  the  appearance  of  micaceous  scales  in  the  fractured  faces.  Such  metal 
is  hani,  brittle,  yellowish  within,  and  can  be  neither  laminated  nor  wire-drawn.  Theoe 
defects  ore  not  owing  to  arsenic,  as  was  formerly  imagined;  but,  most  probably,  to 
antimony  in  the  lead,  which  is  sometimes  used  in  refining  copper.  Hiey  are  more 
easily  prevented  than  remedied. 

According  to  M.  Frerejean,  proprietor  of  the  great  copper  works  of  Vienne,  in 
Dauphiny,  too  low  a  temperature,  or  too  much  charcoal,  gives  to  the  metal  a  cubical 
structure,  or  that  of  divergent  rays ;  in  either  of  which  states  it  wants  tenacity.  Too 
high  a  temperature,  or  too  rapid  a  supply  of  oxygen,  gives  it  a  brick  red  color,  a 
radiated  crystallization  without  lustre,  or  a  very  fine  grain  of  indeterminate  form ;  the 
last  structure  being  unsuitable  for  copper  that  is  to  be  worked  under  the  hammer  or  ia 
the  rolling-press.  The  form  which  indicates  most  tenacity  is  radiated  with  minute 
fibres  glistening  in  mass.  Melted  copper  will  sometimes  pass  successively  through 
these  three  states  in  the  space  of  ten  minutes. 

Fig,  316  represents  a  roasting  mound  of  copper  pyrites  in  the  Lower  Hartz,  near  GoshOi 
where  a  portion  of  the  sulphur  is  collected.  It  is  a  vertical  section  of  a  truncated 
quadrangular  pyramid.  A  layer  of  wooden  billets  is  arranged  at  the  base  of  the  pyramid 
in  the  lime  a  a. 
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a  "Wooden  chimney  which  stands  in  the  centre  of  the  monnd  with  a  small  pile  of 
arcoal  at  its  bottom,  c ;  d  d  nre  large  lamps  of  ore  surronnded  by  smaUer  pieces ;  ff 

are  rubbish  and  earth  to  form  a  coTering. 
A  cnrrent  of  air  is  admitted  nnder  the 
billets  by  an  opening  in  the  middle  of 
each  of  the  fonr  sides  of  the  base  a  a, 
so  that  two  principal  currents  of  air 
cross  under  the  vertical  axis  c  of  the 
truncated  pyramid,  as  indicated  in  the 
figure. 

The  fire  is  applied  throush  the  chimney  c ;  the  charcoal  at  its  bottom  c,  and  the  piles 
m  are  kindled.   The  sulphureous  ores,  d  /,  are  raised  to  such  a  high  temperature  as 

I  expel  the  sulphur  in  the  state  of  vapor. 

In  the  Lower  Hartz  a  roasting  mound  continues  burning  during  four  months.  Some 
lys  after  it  is  kindled  the  sulphur  begins  to  exhale,  and  is  condensed  by  the  air  at  the 
pper  surface  of  the  pyramid.  When  this  seems  impregnated  with  it,  small  basins  1  1 
ie  excavated,  in  which  some  liquid  sulphur  collects ;  it  is  removed  from  time  to  time 
itli  iron  ladles,  and  thrown  into  water,  where  it  solidifies.  It  is  then  refined  and  cast 
ito  roll  brimstone. 

A  similar  roasting  mound  contains,  in  the  Lower  Hartz,  from  100  to  110  tons  of  ore 
id  730  cubic  feet  of  wood.  It  yields  in  four  months  about  one  ton  and  a  half  of 
ilphnr  from  copper  pyrites.  Lead  ore  is  treated  in  the  some  way,  but  it  furnishes  lest 
ilphur. 

There  are  usually  from  12  to  15  roasting  heaps  in  action  at  once  for  three  smelting 
orks  of  the  Lower  Hartz.  AHer  the  first  roasting  two  heaps  are  united  to  form  a  third, 
bich  is  calcined  anew,  but  under  a  shed ;  the  ores  are  then  stirred  up  and  roasted  for 
le  third  time,  whence  a  crude  mixture  is  procured  for  the  smelting-house. 
The  most  favorable  seasons  for  roasting  in  the  open  air  are  spring  and  autumn ;  the 
St  weather  is  a  light  wind  accompanied  with  gentle  rain.  When  the  wind  or  rain 
wtnicts  the  operation,  this  inconvenience  is  remedied  by  planks  distributed  round  the 
iper  surface  of  the  truncated  pyramid  over  the  sulphur  basms. 

Manu/aciuring  atsays  of  copper. — ^The  first  thing  is  to  make  such  a  sample  as  will 
present  the  whole  mass  to  be  valued ;  with  which  view,  fragments  must  be  taken  from 
fierent  spots,  mixed,  weighed,  and  ground  together.  A  portion  of  this  mixture  being 
led  by  the  blow-pipe,  will  show,  by  the  garlic  or  sulphurous  smell  of  its  fumes,  whether 
tenic,  sulphur,  or  both,  be  the  mineralizers.   In  the  latter  case,  which  oAen  occurs, 

0  gr.  or  1000  gr.  of  the  ore  are  to  be  mixed  with  one  half  its  weight  of  saw-dust, 
en  imbued  with  oil,  and  heated  moderately  in  a  crucible  till  all  the  arsenical  fumes  be 
laipated.  The  residuum,  being  cooled  and  triturated,  is  to  be  exposed  in  a  shallow 
rUien  cop  to  a  slow  roasting  heat,  till  the  sulphur  and  charcoal  be  burned  away.  What 
nmins,  being  ground  and  mixed  with  half  its  weight  of  calcined  borax,  one  twelfth  its 
•ight  of  lamp  black,  next  made  into  a  dough  with  a  few  drops  of  oil,  is  to  be  pressed 
nrn  into  a  crucible,  which  is  to  be  covered  with  a  luted  lid,  and  to  be  subject^,  in  a 
rwerfnl  air  furnace,  first  to  a  dull  red  heat,  and  then  to  vivid  ignition  for  20  minutes. 

II  cooling  and  breaking  the  cnicible,  a  button  of  metallic  copper  will  be  obtained.  Its 
Aor  and  malleability  mdicate  pretty  well  the  quality,  as  does  its  weight  the  relative 
iloe  of  the  ore.  It  should  be  cupelled  with  lead,  to  ascertain  if  it  contains  silver  or 
lid.    See  Assay,  and  Silver. 

If  the  bk>w-pipe  trial  showed  no  arsenic,  the  first  calcination  may  be  omitted ;  an(?  if 
either  sulphur  nor  arsenic,  a  portion  of  the  ground  ore  should  be  dried,  and  treated 
xvetly  with  borax,  lamp-black,  and  oil.  It  is  very  common  to  make  a  dry  assay  of 
ipper  ores,  by  one  roasting  and  one  fusion  along  with  3  parts  of  black  fln\  i  Irom  th^ 

of  the  metallic  button  the  richness  of  the  ore  is  inferred. 
The  humid  assay  is  more  exact,  but  it  requires  more  skill  and  time. 
The  sulphur  and  the  silica  are  easily  got  rid  of  by  the  acids,  which  do  not  dissolve 
lem,  but  only  the  metallic  oxydes  and  the  other  earths.  These  oxydes  may  then  be 
iiown  down  by  their  appropriate  reagents,  the  copper  being  precipiuted  in  the  state  of 
ihcr  the  Uack  oxyde  or  pure  metal.  105  parts  of  black  oxyde  represent  100  of  copper, 
cfive  entering  upon  the  complete  analysis  of  an  ore,  preliminary  trials  should  be  made, 

1  ateertain  what  are  its  chief  constituents.  If  it  be  sulphuret  of  copper,  or  copper 
VrilcSy  without  silver  or  lead,  100  grains  exactly  of  its  average  powder  may  be  weighed 

treated  in  a  matrass  with  boiling  muriatic  acid  for  some  time,  gradually  adding  a  few 
ropi  of  aitrie  acid,  till  all  action  ceases,  or  till  the  ore  be  all  dissolved.  The  msoluble 
mUa  fimnd  floating  in  the  liquid  contains  most  of  the  sulphur ;  it  may  be  separated 
m  a  flher,  washed,  dried,  and  weighed ;  then  verified  by  burning  away.  The  incom- 
Wible  residuum^  treated  by  muriatic  acid,  may  leave  an  insolnble  deposite,  which  is 
K>  hs  added  to  the  fonner.  To  the  whole  of  the  filtered  solutions  carbonate  of  potaih  if 
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to  be  added ;  and  the  resulting  predpiute,  being  washed,  and  digested  xepeitadly  in  «i* 
ter  of  anuDonia,  all  its  cupric  oxyde  will  have  been  dissolved,  whenerer  the  amaioiua  ■ 
no  bnger  rendered  blue. 

Caustic  potash,  boiled  with  the  ammoniacal  solution,  will  aepaimte  the  copper  hi  tbe 
state  of  black  oxyde ;  which  is  to  be  thrown  upon  a  filter,  washed,  dried,  and  wa^ui. 
The  matter  left  undissolved  by  the  ammonia,  consists  of  oxyde  of  iron,  with  jirobably  i 
little  alumina.  The  latter  bein?  separated  by  caustic  potash,  the  iron  cnyde  maybe  abo 
washed,  dried,  and  weighed.  The  powder  which  originally  resisted  the  nrariatie  aci^  » 
silica. 

^isay  of  copper  ores,  which  contain  iron,  mlphiir,  aUver,  lead,  amd  antijnimf, 
100  grains  of  these  ores,  previously  sampleid,  and  pulverized,  are  to  be  boiled  vilh 
nitric  acid,  adding  fresh  portions  of  it  from  time  to  time,  till  no  more  of  the  matter  be 
dissolved.  The  whole  liquors  which  have  been  successively  digested  and  decaated  4 
are  to  be  filtered  and  treated  with  common  salt,  to  precipitate  the  silver  in  the  state  of  • 
chloride. 

The  nitric  acid,  by  its  reaction  upon  the  sulphur,  having  generated  tnlphark  aeid,tlui 
will  combine  with  the  lead  oxydtzed  at  the  same  time,  constituting  insolable  ralplMle  of 
lead,  which  will  remain  mixed  with  the  gangue.  Should  a  little  nitrate  of  lead  renui 
in  the  liquid,  it  may  be  thrown  down  by  sulphate  of  soda,  aAer  the  silver  hat  been  iqpfr 
rated.  The  dilute  liquid,  being  concentrated  by  evaporation,  is  to  be  mixed  with  aioBO- 
nia  in  such  excess  as  to  dissolve  all  the  cupric  oxyde,  while  it  throws  down  all  the  oxyde 
of  iron  and  alumina ;  which  two  may  be  separated,  as  usual,  by  a  little  caustic  po^ 
ash.  The  portion  of  ore  insoluble  in  the  nitric  acid  being  digested  in  moriatic  mad, 
everything  wiU  be  dissolved  except  the  sulphur  and  silica.  These  being  collected  apoa 
a  filter,  and  dried,  the  sulphur  may  be  burned  away,  whereby  the  proportion  of  each  ii 
determined. 

Ores  of  the  oxyde  of  copper  are  easily  analyzed  by  solution  in  nitric  acid,  the  additioi 
of  ammonia,  to  separate  the  other  metals,  and  precipitation  by  potash.  The  mative  cof^ 
bonate  is  analyzed  by  calcining  100  grains;  when  the  loss  of  weight  wfll  show  the 
amount  of  water  and  carbonic  acid ;  then  that  of  the  latter  may  be  found,  by  expelling  it 
from  another  100  grains,  by  digestion  in  a  given  weight  of  sulphuric  acid.  The  copper 
is  finally  obtained  in  a  metallic  state  by  plunging  bars  of  zinc  into  the  sedation  of  tbe 
sulphate. 

The  nafivt  arstniates  of  copper  are  analyzed  by  drying  them  first  at  a  moderate  best} 
aAer  which  they  are  to  be  dissolved  in  nitric  acid.  To  this  solution,  one  of  nitrate  of 
lead  is  to  be  added,  as  loni^  a«  it  occasions  a  precipitate ;  the  deposite  is  to  be  drained  ap- 
on  a  filter,  and  the  clear  liquid  which  passes  through,  being  evaporated  nearly  to  drnMSi, 
is  to  be  digested  in  hot  alcohol,  which  will  dissolve  everything  except  a  little  arseniateof 
lead.  This  being  added  to  the  nrseniate  first  obtained,  from  the  weight  of  the  whole,  tbe 
arsenic  acid,  constituting  35  per  cent.,  is  directly  inferred.  The  alcoholic  solution  being 
now  evaporated  to  drj-ness,  the  residue  is  to  be  digested  in  water  of  ammonia,  when  tbe 
cupric  oxyde  will  be  dissolved,  and  the  oxyde  of  iron  will  remain.  The  copper  is  procured, 
in  the  state  of  black  oxyde,  by  boiling  the  filtered  anmioniacal  solution  with  the  propeir 
quantity  of  potash. 

The  analysis  of  muriate  of  copper — atacamite — is  an  easy  process.    The  ore  being 
dissolved  in  nitric  acid,  a  solution  of  nitrate  silver  is  added,  and  from  the  weight  of  the 
chloride  precipitated,  the  equivalent  amount  of  muriate  or  chloride  of  copper  is  given ;  ib^ 
100  of  chloride  of  silver  represent  93  of  chloride  of  copper,  and  43*8  of  its  metric  hiiiiP 
This  calculation  may  be  verified  by  precipitating  the  copper  of  the  muriate  from  its  sola-^ 
tion  in  dilute  sulphuric  acid,  by  plates  of  zinc. 

Tke  phosphate  of  copper  may  be  analyzed  either  by  solution  in  nitric  add,  and  prccipi-* 
tation  by  potash ;  or  by  precipitating  the  phosphoric  acid  present,  by  means  of  acetate 
lead.   The  phosphate  of  lead  thus  obtained,  after  being  washed,  is  to  be  decomposed 
dilute  sulphuric  acid.   The  insoluble  sulphate  of  lead,  being  washed,  dried,  and  weighed^ 
indicates  by  its  equivalent  the  proportion  of  phosphate  of  lead,  as  also  of  phosphate 
copper;  for  100  of  sulphate  of  lead  eorrespond  to  92-25  phosphate  of  lead,  and  89»5pho^tf 
phate  of  copper;  and  this  as^in  to  52-7  of  the  black  oxyde. 

Copper  forms  the  basis  of  a  greater  number  of  important  allots  than  any  other  radt^ 
With  zinc,  it  forms  Brass  in  all  its  varieties ;  which  see. 

BaoNZE  and  Bell  Metal  are  alloys  of  copper  and  tin.  This  eomponnd  is  prepared 
crueibles  when  only  small  quantities  are  required ;  but  in  reveiberatory  hearths^  whe:^ 
statues,  bells,  or  cannons  are  to  be  cast.  The  metals  must  be  protected  as  anich  as  pwi^ 
siUe  during  their  combination  from  contact  of  air  by  a  layer  of  ponnded  chaicoal,  othe^^ 
wise  two  evils  would  result,  waste  of  the  copper  by  combustion,  and  a  rapid  ezyduenei^^ 
of  the  tin,  so  as  to  change  the  proportions  and  alter  the  properties  of  the  dloy.  The  fts^^ 
materials  ought  to  be  well  mixed  by  stirring,  to  give  unifonnity  to  the  eompoiind. 
SaovsE. 
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100  of  copper  and  4*17  of  tia  has  beea  proposed  by  M.  Chandei  for  t2i8 
etnre  of  medals.  AAer  melting  this  alloy,  he  casts  it  in  moulds  made  of 
as  is  used  for  cupels.    The  medals  are  aAerward  subjected  to  the  action 
press,  not  for  striking  them,  for  the  mould  furnishes  perfect  impressions, 
ag  and  polishing  them. 

t  analysis  of  M.  Berthier,  the  bells  of  the  pendulu,  or  ornamental  cloekiy 
y  are  found  to  be  composed-— of  copper  72*00,  tin  26*56,  iron  1*44,  in  100 

100  of  copper  and  14  of  tin  is  said  by  M.  Dussanssy  to  furnish  tools,  which, 
sharpened  in  the  manner  of  the  ancients,  afford  an  edge  nearly  equal  to 

ongs,  and  the  tamtam  of  the  Chinese  are  mad«  of  an  alloy  of  100  of  copper 
I  of  tin.  To  give  this  compound  the  sonorous  property  in  the  highest  de* 
be  subjected  to  sudden  refrigeration.  M.  D'Areet,  to  whom  this  discoreiy 
mends  to  ignite  the  piece  after  it  is  cast,  and  to  plunge  it  immediately  into 

The  sudden  cooling  gives  the  particles  of  the  alloy  such  a  disposition, 
igulated  pressure  by  skilful  hammering,  they  may  be  made  to  slide  over  each 
nain  permanently  in  their  new  position.  When  by  this  means  the  instni* 
iived  its  intended  form,  it  is  to  be  heated  and  allowed  to  cool  slowly  in  the 
nicies  now  take  a  different  arrangement  from  what  they  would  have  done 
frigeration ;  for  instead  of  being  ductile,  they  possess  such  an  elastifeity, 
I  displaced  by  a  slight  compression,  they  return  to  their  primary  position 

of  extremely  rapid  vibrations ;  whence  a  very  powerful  sound  is  emitted, 
netal,  and  probably  all  the  other  alloys  of  tin  with  copper,  present  the  same 

►f  100  of  copper  with  from  60  to  33  of  tin  forms  common  beU-metal.  It  is 
whitish  gray,  brittle,  and  sonorous,  but  not  so  much  so  as  the  preceding, 
house-clock  bells  contains  a  little  more  tin  than  that  of  church-bells,  and  the 
ater  contains  a  little  zinc  in  addition  to  the  other  ingredients, 
(-founder  sliould  study  to  obtain  a  rapid  fusion,  in  order  to  avoid  the  causes 
«ted  above.  Reverberatory  furnaces  have  been  long  adopted  for  this  opera- 
ong  these,  the  elliptical  are  the  best.  The  furnaces  with  spheroidal  domes 
!ie  bcU-founder.e,  because  their  alloy  being  more  fusible,  a  more  moderate 
is  required ;  however,  as  the  rapidity  of  the  process  is  always  a  matter  of 
they  also  would  iind  advantage  in  employing  the  elliptical  hearths,  (Me  the 
melting  furnacey  as  figured  under  Smelting  of  copper  oru,)  Coal  is  now 
referred  for  fuel. 

af  100  of  copper  with  50  of  tin,  or  more  exactly  of  32  of  the  former  with 
ter,  constitutes  speculum  metal,  for  making  mirrors  of  reflecting  telescopes, 
id  is  nearly  white,  very  brittle,  and  susceptible  of  a  fine  polish  with  a  bril- 
The  following  compound  is  much  esteemed  in  France  for  making  specula. 
3f  pure  copper  and  1  of  grain-tin  in  separate  crucibles,  incorporate  thor- 
.  wooden  spatula,  and  then  run  the  metal  into  moulds.  The  lower  surface 
t  should  be  worked  into  a  mirror. 

ds,  in  the  Nautical  Almanack  for  1787,  gave  the  following  instructions  for 
lum  metal. 

'  of  the  copper  is  to  be  tried  by  making  a  series  of  alloys  with  tin,  in  the  pio- 
)  of  the  former  to  47,  to  48,  to  49,  and  to  50  of  the  latter  metal ;  whence 
IS  of  the  whitest  compound  may  be  ascertained.  Beyond  the  last  proportion, 
ns  to  lose  in  brilliancy  of  fracture,  and  to  take  a  bluish  tint.  Having  deter- 
int,  take  32  parts  of  the  copper,  melt,  and  add  one  part  of  brass  and  as  much 
ig  the  surface  of  the  mixture  with  a  little  black  flux ;  when  the  whole  is 
ith  a  wooden  rod,  and  pour  in  from  15  to  16  parts  of  melted  tin  (as  indiea- 
eparatory  trials),  stir  the  mixture  again,  and  immediately  pour  it  out  into 
Then  melt  again  at  the  lowest  heat,  adding  for  every  16  parts  of  the  com- 
of  white  arsenic,  wrapped  in  paper,  so  that  it  may  be  thrust  down  to  the 
*  cmcible.  Stir  with  a  wooden  rod  as  long  as  arsenical  fumes  rise,  and  then 
,  sand  mould.  While  still  red  hot,  lay  the  metal  in  a  pot-full  of  very  hot  em- 
may  cool  very  slowly,  whereby  the  danger  of  its  cracking  or  flying  into 
revented. 

leribed  the  different  alloys  of  copper  and  tin,  I  shall  now  treat  of  the  method 
tiheae  metals  from  each  other  as  they  exist  in  old  cannons,  damaged  bells, 
Dcess  employed  on  a  very  great  scale  in  France,  during  the  Revolution,  for 
\pcr  (torn  bells,  vras  contrived  by  Fourcroy ;  founded  upon  the  chemical  fhct 
ore  (Visible  and  oxydizable  than  copper. 

in  quantity  of  beU-metal  was  completely  oxydized  by  calcination  in  a  rrver- 

aee ;  the  oxyde  was  raked  out,  and  reduced  to  a  fine  powder. 

I  same  furnace  a  fresh  quantity  of  the  same  metal  was  introduced ;  it  wis 


340 


COPPER. 


loelled,  and  there  wa5  aJiled  to  it  one  half  of  itn  weight  of  the  oxyde  formed  id  tlie  lint 
operation.  The  teniperature  was  increased,  and  the  mixture  well  ineorportted;  at  the 
end  of  a  few  hours,  there  was  ohtained  on  the  one  hand  copper  almost  pure,  which  sab- 
sided  in  a  liquid  state,  and  spread  itself  upon  the  sole  of  the  hearth,  while .  a  compooad 
of  oxyde  of  tin,  oxyde  of  copper,  with  some  of  the  earthy  matters  of  the  furnace,  coUedd 
on  the  surface  of  the  metallic  bath  in  a  pasty  form.  These  scoriae  were  remored  with  a 
rake,  and  as  soon  as  the  surface  of  the  melted  copper  was  laid  bare,  it  was  ran  oat.  The 
Bcorix  were  levigated,  and  the  particles  of  metallic  copper  were  obtained  after  elotriatioi. 
By  this  process,  from  100  pounds  of  bell-metal,  about  50  pounds  of  copper  were  extracted, 
containing  only  one  per  cent,  of  foreign  matters. 

3.  The  washed  scorioewere  mixed  with  |  their  weight  of  pulverized  ebareoal;  the  mix- 
tore  was  triturated  to  effect  #  more  intimate  distribation  of  the  charcoal ;  and  it  was  thea 
pat  into  a  reverberatory  hearth,  in  which,  by  aid  of  a  high  heat,  a  second  rednctioa  wn 
effected,  yielding  a  fluid  alloy  consisting  of  about  60  parts  of  copper  and  20  of  tin;  while 
the  surface  of  the  bath  got  covered  with  new  scoriae,  containing  a  larger  proportion  of 
tin  than  the  first. 

4.  The  alloy  of  60  of  copper  with  40  of  tin  was  next  calcined  in  the  same  rererben- 
tory  furnace,  but  with  stirring  of  the  mass.  The  air,  in  sweeping  across  the  surface  of  the 
bath,  oxydized  the  tin  more  rapidly  than  the  copper ;  whence  proceeded  cnisits  of  oxyde 
that  were  skimmed  off  from  time  to  time.  This  process  was  continued  till  the  metaJfie 
alldy  was  brought  to  the  same  standard  as  bell-metal,  when  it  was  ran  out  to  be  tabjected 
to  the  same  operations  as  the  metal  of  No.  1. 

The  layers  of  oxyde  successively  removed  in  this  way  were  mixed  with  ehartoal,  aad 
reduced  in  a  foumetiu  d  manchty  or  Scotch  lead  smelting  furnace. 

I  shall  not  prosecute  any  further  the  details  of  this  complicated  process  of  Foureroy; 
because  it  has  been  superseded  by  a  much  better  one  contrived  by  M.  Br^nt.  He  es- 
ployed  a  much  larger  quantity  of  charcoal  to  reduce  the  scoriae  rich  in  tin ;  and  increased 
the  fusibility  by  adding  crushed  oyster-shells,  bottle  gloss,  or  even  vitrified  scmiae,  ae- 
cording  to  the  nature  of  the  substance  to  be  reduced ;  and  he  treated  them  directly  ia  a 
reverberatory  furnace. 

The  metal,  thus  procured,  was  very  rich  in  tin.  He  exposed  it  in  masses  on  a  skipinf 
hearth  of  a  reverberatory  furnace,  where,  by  a  heat  regulated  according  to  the  propocUooi 
of  the  two  metals  in  the  alloy,  he  occasioned  an  eliquation  or  sweating  out  of  the  tin.  Me^ 
tallic  drops  were  seen  to  transpire  round  the  alloyed  blocks  or  pigs,  and,  falling  like  fub, 
flowed  down  the  sloping  floor  of  the  furnace ;  on  whose  concave  bottom  the  metal  collect* 
ed,  and  was  ladled  out  into  moulds.  When  the  alloy,  thus  treated,  contained  lead,  this 
metal  was  found  in  the  first  portions  that  sweated  out.  The  purest  tin  next  came  fortk, 
while  the  last  portions  held  more  or  less  copper  in  solution.  By  fractioning  the  products, 
therefore,  there  was  procured — 

1.  Tin  with  lead. 

2.  Tin  nearly  pure. 

3.  Tin  alloyed  with  a  little  copper. 

A  sponi»y  mass  rpmnined,  exhibiting  sometimes  beautiful  crystallizations ;  this  mass, 
commonly  too  rich  in  cupper  to  afford  tin  by  liquation,  was  treated  by  oxydizement.  In 
this  manner,  M.  Bn  ant  diminished  greatly  the  reductions  and  oxydations;  and  therefore 
incurred  in  a  far  Ic'ss  dcu'ree  the  enormous  waste  of  tin,  which  flies  off  with  the  drauijlit 
of  air  in  hii^h  and  limg-continued  heats.  He  also  consumed  less  fuel  as  well  as  labor, 
and  obtained  purer  pro<iucls  of  known  composition,  ready  to  be  applied  directly  ii 
many  arts. 

He  treated  advantageou  dy  in  this  manner  more  than  -a  million  of  kilogrammes  (1000 
tuns)  of  scoria?,  for  every  2  cwts.  of  which  he  paid  40  centimes  (four-pence),  whfle  ser- 
eral  million  kilogrammt.'s  of  much  richer  scoriee  had  been  previously  sold  to  other  refiacn 
at  5  cen'imes  or  one  sous. 

I  have  said  that  the  ancients  made  their  tools  and  military  weapons  of  Bronze.  Se^ 
eral  of  these  have  been  analyzed,  and  the  results  are  interesting. 

An  antique  sword,  found  in  1799,  in  the  peat  moss  of  the  Somme,  consisted  of  copper 
87-47;  tin  12-53,  in  100  parts. 

The  bronze  springs  for  the  balistae,  according  to  Philo  of  Byzantium,  were  made  of 
copper  97,  tin  3. 

Hard  and  brittle  nails  afforded  by  analysis,  92  of  copper,  and  8  of  tin. 

Of  three  antique  swords  found  in  the  environs  of  Abbeville,  one  was  found  to  tmaifi 
of  85  of  copper  to  15  of  tin.  The  nails  of  the  handle  of  this  sword  were  fleiible;  th^T 
were  composed  of  copper  95,  tin  5. 

Another  of  the  swords  consisted  of  90  of  copper  and  10  of  tin ;  and  the  third,  of  ^ 
copper,  with  4  tin. 

A  fragment  of  an  ancient  scythe  afforded  to  analysis  92*6  copper,  and  7*4  tin. 
The  process  of  coating  copper  with  tin,  exemplifies  the  strong  affinity  between  tb^ 
two  metala.    The  copper  sorfaoe  to  be  tinned  is  first  cleared  up  with  a  niootii  WKtf^ 
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e;  then  it  is  heated  and  rubbed  oTer  with  a  little  sal  ammoniac,  till  it  be  perfectly 
a  and  bright :  the  tin,  along  with  some  pounded  rosin,  is  now  placed  on  the  rx>pper,^ 
eh  is  made  so  hot  as  to  melt  4he  tin,  and  allow  of  its  being  spread  over  the  suriace  with 
aril  or  pad  of  tow.  The  layer  thus  fixed  on  the  copper  is  exceedingly  thin  ;  Bayen 
id  that  a  copper  pan,  9  inches  in  diameter  and  3}  inches  deep,  being  weighed  imme- 
sly  before  and  after  tinning,  became  only  21  grains  heavier.  Now  as  the  area  tinned, 
■ding  the  bottom,  amounted  to  155  square  inches,  1  grain  of  tin  had  been  spread  over 
rly  71  square  inches ;  or  only  20  grains  over  every  square  foot. 
9pper  and  Jlrsenic  form  a  white-colored  alloy,  sometimes  used  for  the  scales  of 
Bomelers  and  barometers;  for  dials,  candlesticks,  &c.  To  form  this  compound,  sue- 
iTe  layers  of  copper  clippings  and  white  arsenic  ore  put^into  an  earthen  crucible; 
eh  is  then  covered  with  sea  salt,  closed  with  a  lid,  and  ^miually  heated  to  redness. 
\  parts  of  arsenic  have  been  used  with  5  of  copper,  the  resulting  compound  com- 
ily  contains  one  tenth  of  its  weight  of  metallic  arsenic*  It  is  white,  slightly 
ile,  denser,  and  more  fusible  than  copper,  and  without  action  on  oxygen  at  ordinary 
peimtures ;  but,  at  higher  heats,  it  is  decomposed  with  the  exhalation  of  arsenions 
M  The  white  copper  of  the  Chinese  consists  of  40-4  copper;  31-6  nickel;  25*4 
-)  and  2-6  iron.  This  alloy  is  nearly  silver  white:  it  is  very  sonorous,  well 
ihed,  malleable  at  common  temperatures,  and  even  at  a  cherry  red,  but  very  brittle 
I  red-white  heat.  When  healed  with  contact  of  air,  it  oxydizes,  burning  with  a 
te  flame.  lis  specific  gravity  was  8-432.  When  worked  with  great  care,  it  may 
reduced  to  thin  leaves,  and  to  wires  as  small  as  a  needle.   See  German  SilveBv 

0. 

alenag,  formerly  confounded  with  white  copper,  is  a  different  composition  from  the 
re.  Keir  says  it  is  composed  of  copper,  zinc,  and  iron ;  and  Dick  describes  it  as  a 
t  metal,  of  a  grayish  color,  and  scarcely  sonorous.  The  Chinese  export  it,  in  large 
ititiea,  to  India. 

OPPBB,  Whitk,  or  German  silver,  M.  Gersdorf,  of  Vienna,  states,  that  the  propor- 
I  of  the  metals  in  this  alloy  should  vary  according  to  the  uses  for  which  it  is  destined. 
m  intended  as  a  substitute  for  silver,  it  should  be  composed  of  25  parts  of  nickel,  25 
inc,  and  50  of  copper.  An  alloy  better  adapted  for  rolling,  consists  of  25  of  nickel, 
f  sine,  and  60  of  copper.  Castings,  such  as  candlesticks,  bells,  &.C.,  may  be  made 
■  alloy,  consisting  of  20  of  nickel,  20  of  zinc,  and  60  of  copper ;  to  which  3  of  lead 
added.  The  addition  of  2  or  2^  of  iron  (in  the  shape  of  tin  plate  7)  renders  the  pack- 
'  much  whiter,  but,  at  the  same  time,  harder  and  more  brittle, 
eleratein  has  given  the  following  analysis  of  the  genuine  Grerman  silver,  as  made  from 
ungiaal  ore  found  in  Hildburghausen,  near  Suhl,  in  Henneberg : — 

Copper      -  -  40*4 

Nickel  31-6 

Zinc  ....  25-4 

Iron  2-6 


100-0 

hinese  packfong,  according  to  the  same  authority,  consists  of  5  parts  of  copper,  alloy- 
nth  7  parts  of  nickel,  and  7  parts  of  zinc. 

lie  best  alloy  for  making  plummer  blocks,  bushes,  and  steps  for  the  steel  or  iron  gud- 
IS  and  pivots  of  machinery  to  run  in,  is  said  to  consist  of  90  parts  of  copper,  5  of 
,  and  5  of  antimony. 

fiwtitioiis  protoxyde  of  copper,  of  a  fine  red  color,  may  be  made  by  melting  together, 
I  a  gentle  heat,  100  parts  of^  sulphate  of  copper,  and  59  of  carbonate  of  soda  in  crys- 
,  and  continuing  the  heat  till  the  mass  become  soUd.  This  being  pulverized  and 
Bd  exactly  with  15  parts  of  copper  filings,  the  mixture  is  to  be  heated  to  whiteness,  in 
adble,  during  the  space  of  20  minutes.  The  mass,  when  cold,  is  to  be  reduced  to 
der,  and  washed.  A  beautiful  metallic  pigment  may  be  thus  prepared,  at  the  cost 
I.  a  pound. 

n  the  oxydes  and  salts  of  copper  are  poisonous ;  they  are  best  counteracted  by  ad- 

istering  a  large  quantity  of  sugar,  and  sulphureted  hydrogen  water. 

he  following  scientific  summary  of  copper  ores  in  alphabetical  order  may  prove  ae- 

ahie  to  many  readers,  amid  the  present  perplexing  distribution  of  the  native  metallic 

ponndt  in  mineralogical  systems. 

.   jirmmaU  of  Copper, 

»  Erimt€y  rhomboidal  nrseniate  of  copper,  micaceous  copper,  kitpferglimmar, 
nU  green:  specific  gravity  4-043;  scratches  calc-spar;  yields  water  by  heat; 
hie  at  the  blowpipe,  and  reducible  into  a  white  metallic  globule.  Soluble  in  nitric 
;  the  solution  throws  down  copper  by  iron.  It  consists  o€  arsenic  acid  33*78; 
te  of  copper  59-24 ;  water  5 ;  alumina  i-77.  It  is  found  in  Cornwall,  Ireland, 
ifaiy. 

*  LiroeomUei  octahedral  arteniate  of  copper;  lens  ore,  so  called  (torn  the  fiatneis 
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of  the  crystal.  Blue;  specific  gravity  2*88;  scratches  calc-spar.  It  eonsisU  of  ancnie 
acid  14 ;  oxyde  of  copper  49 ;  vraivr  35.  It  is  found  in  Hnd-Matrel^  HueUGorlaad, 
Hncl-Unity,  mines  in  Cornwall. 

C.  OHvenite;  right  prismatic  nrficniate  of  copper;  oliTe-ore.  DuU  gk«en;  spedfie 
gniTity  4*28;  scratches  flnor;  yields  no  water  by  heat;  fusible  at  the  blowpipe  iatot 
glassy  bead,  enclosing  a  white  metallic  grain.  It  consists  of  arsenic  acid  45,  oxyde  of 
copper  50*62.  It  affords  indications  of  phosphoric  acid,  which  the  analyst!  teem  to  biTe 
overlooked.    It  occurs  in  the  above  and  many  other  mines  in  ComwmlL 

D.  jSphanese.  Trihedral  arseniate  of  copper.  Bluish  green,  becoming  gray  npoa  tbe 
fnrface;  specific  gravity  4*28;  scarcely  scratches  calc-si)ar;  yiekis  water  wilb  heat;  tad 
traces  of  phosphoric  acid. 

The  fibrous  varieties  callld  wood  copper,  contain  water,  and  resemble  the  last  spedei 
in  composition. 

2.  Carbonate  of  Copper. 

A.  Jizurite ;  kupferlazur.  Blue.  Cr)\stallizes  in  oblique  rhomboidal  prisms ;  sprafie 
gravity  3  to  3*83 ;  scratches  calc-spar,  is  scratched  by  fluor;  yiekis  water  with  best, 
and  blackens.  Its  constituents  are,  carbonic  acid  25*5 ;  oxyde  of  copper  69*1 ;  vatcr 
0*4.  The  Chessy  and  Banat  azurite  is  most  profitably  employed  to  make  sulphate  of 
copper. 

B.  Malachite ;  green  carbonate  or  mountain  green.  Crystallizes  in  right  rbomboidil 
prisms ;  specific  gravity  3*5;  affords  water  with  heat,  and  blackens.  It  consists  of  ct^ 
bonic  acid  18*5;  oxyde  of  copper  72  2;  water  9*3. 

C.  Mysorint ;  anhydrous  carbonale  of  copper.  Dark  brown  generally  stained  pees 
or  red;  conchoidol  fracture;  soA,  sectile;  specific  gravity  2*62.  It  consists  of  caihooic 
acid  16*7;  oxyde  of  copper  60*75 ;  peroxyde  of  iron  19*5;  silica  2*10.  This  is  a  rare 
mineral  found  in  the  Mysore. 

3.  Chromate  0/ Copper  and  Lead ;  vauquelinile.  Green  of  various  ahades;  speeiiw 
gravity  6*8  to  7*2;  brittle;  scratched  by  fluor;  fusible  at  the  blowpipe  with  froth  and 
the  production  of  a  leaden  bead.  It  consists  of  chromic  acid  28*33 ;  oxyde  of  lead  60*87; 
oxyde  of  copper  10*8.   It  occurs  at  Berezof  in  Siberia  along  with  diromate  of  lead. 

4.  Dioptase ;  silicate  of  copper ;  emerald  copper.  Specific  gravity  3*3 ;  scratches 
glass  with  difficulty  ;  affords  water  with  heat,  and  blackens ;  inHisiUe  at  the  bkwpipe. 
It  consists  of  silica  43-18;  oxyde  of  copper  45*46;  water  11*36.  This  rare  labsUice 
comes  from  the  srov«*rnment  of  Kircis. 

The  silicate  of  Dillrnberfi:  is  similar  in  composition. 

5.  Gray  copper  ore  called  Panabase,  from  the  number  of  metallic  bases  which  it 
contains;  and  Fahlerz.  Slcrl  gray  ;  specific  gravity  4*79  to  5*10;  crystallizes  in  regular 
tetrahedrons;  fusible  at  the  blowpipe,  with  dispngngemenl  of  fnmes  of  antimony  and 
occasionally  of  arsenic  ;  swells  up  and  scorifies,  affording  copper  with  soda  flux.  Is  acted 
upon  by  nitric  acid  with  precipitation  of  antimony;  becomes  blue  with  ammonia;  yields 
a  blue  precipitate  with  fcrrocyanide  of  potassum ;  as  also  indications  frequently  of  zinc, 
mercury,  silver,  &c.  Its  composition  which  is  very  complex  is  as  follows :  sulphur  26*83 ; 
antimony  12*46;  arsenic  10*19;  copper  40  60;  iron  4*66;  zinc  3*69;  silver  0*60. 
Some  specimens  contain  from  5  to  31  per  cent,  of  silver.  The  aray  copiier  ores  are  very 
common;  in  Saxony;  theHartz;  Cornwall;  at  Dillcnberg ;  in  Mexico;  Peru, &c.  They 
are  important  on  account  both  of  their  copper  and  silver.  TeunanHfe  is  a  variety  of 
Fahlerz.  It  occurs  in  Cornwall.  Its  constituents  are,  sulphur  28*74 ;  arsenic  11*84; 
copper  45-32 ;  iron  9-26. 

6.  Hydrated  xilicate  of  Copper;  or  Chrjsocolla.  Green  or  bluish  green;  specific 
gravity  2  03  to  2*16;  scratched  by  steel ;  very  brittle;  aiibrds  water  with  heat,  and 
blackens;  is  acted  upon  by  acids,  and  leaves  a  silicious  residuum.  Solution  becomes 
blue  with  ammonia.  Its  constituents  are  silica  26;  oxyde  of  copper  50;  water  17; 
carbonic  acid  7. 

7.  Muriate  of  Copper.  Gtakamite ;  green ;  crj'stallizes  in  prisms ;  specific  gravity 
4*43.  Its  constituents  arc,  chlorine  15*90;  copper  14*22;  oxyde  of  copper  54*22;  water 
14*16;  oxyde  of  iron  1*50.  The  ^:reen  sand  of  Peru,  collected  by  the  inhabitants  of 
Atakama,  is  this  substance  in  a  decomposed  state. 

8.  Oxyde  of  Copper. 

A.  Black,  or  Melaconise ;  a  black  earthy  looking  substance  found  at  Chessy  aad 
other  places.    It  is  dentoxydc  of  copper. 

B.  Protoxyde  or  red  oxyde  of  copper ;  ziegelerz.  Crj-stallizes  in  the  regular  octahe- 
dron ;  specific  gravity  5*69 ;  scratches  calc-spar;  fusible  at  the  blowpipe  into  the  Maek 
oxyde ;  and  reducible  in  the  smoke  of  the  flame  to  copper ;  acted  upon  by  nitrie  acid 
with  disengagement  of  nitrous  gas ;  solution  is  rendered  blue  by  ammonia.  Its  conatitv- 
flnts  are  oxygen  1 1*22 ;  copper  88*78.  It  occurs  near  Chessy,  and  upon  the  caatern  slope 
of  the  Altai  mountains. 

9.  Phosphate  of  Copper.  Dark  green ;  crystallizes  in  octahedrons ;  speeille  gravity 
8-6to3*8|  Mimtchesemle-^par;  yieUs  water  with  heat;  and  aflbrds  BMlalUe  eopper 
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with  aoda  flax;  acted  on  by  nitric  acid.  Its  constitneots  are,  phosphoric  acid  28*7; 
ozyde  of  copper  63*9;  ^ter  7*4.   It  occurs  at  the  mines  of  Libethen  in  Hungary. 

10.  PyritouM  Copper;  Enpferides;  a  metallic  looking  substance,  of  a  bronze-yellow 
color,  crystallizing  in  octahedrons  which  pass  into  tetrahedrons;  specific  gravity  4*16; 
faaiUe  at  the  Uowpipe  into  beads  attractable  by  the  magnet,  and  which  afterwards 
alGsrd  copper  with  a  soda  flax ;  soluble  in  nitric  acid ;  solution  is  rendered  blue  by  am- 
monia, and  aflfords  an  abundant  precipitate  of  iron.  Its  composition  is,  sulphur  36; 
copper  34'5;  iron  30*5;  being  a  combined  sulphuret  of  these  two  metals.  TMs  is  the 
most  important  metallaTgie  species  of  copper  ores.  It  occurs  chiefly  in  primitive  forma- 
tioos,  as  among  gneiss  and  mica  slate,  in  veins,  or  more  frequently  masses,  in  very 
many  parts  of  the  world — Cornwall,  Anglesea,  Wicklow,  &c.  It  is  found  among  the 
early  secondary  rocks,  in  Shetland,  Yorkshire,  Mannsfeldt,»&c.  The  finest  crystaUized 
specimens  come  from  Cornwall,  Derbyshire,  Freyberg,  and  Saint  Marie-aux-Minet  in 
France. 

11.  SeknieUe  0/ Copper  s  Berzeline.  Is  of  metallic  aspect ;  silver  white;  ductile;  fosi- 
fale  at  the  blowpipe  into  a  gray  bead,  somewhat  malleable;  is  acted  upon  by  nitric  acid; 
consists  of  selenium  40 ;  copper  64. 

12.  Sulphate  of  Copper;  Cyanose.  Blue;  soluble,  &c  like  the  artificial  sulphates, 
which  see. 

BrotJiantUe  is  a  subsulphate  of  copper,  observed  in  small  crystals  at  Ekateriaenbonig 
in  Siberia. 

13.  Sulj^uret  of  Copper;  Kupferglanz.  Of  a  steel  gray  metallic  aspect;  crystallizes 
in  rhomboids;  specific  gravity  5*69;  somewhat  sectile,  yet  brittle;  fusible  with  intu- 
mescence at  the  blowpipe,  and  yields  a  copper  bead  with  soda ;  soluble  in  nitric  add ; 
becomes  blue  with  ammonia,  but  lets  fall  scarcely  any  oxyde  of  iron.  Its  constituents 
are  sulphur  19 ;  copper  79*5 ;  iron  0*75 ;  silica  1*00.  It  occurs  in  small  quantities  in 
Comwidl, 

The  chemical  preparations  of  copper  which  constitute  distinct  manufactures  are.  Blue 
0[  Roman  vitriol ;  for  which  see  Sulphate  of  Copper ;  Scheele's  green  and  SchweinurUi 
green,  Yerditer,  and  Verdigris.   See  these  articles  in  their  alphabetical  places. 

COPPER,  SiatitHcs  of, — Copper  ores  may  be  imported  into  Great  Britain  for  smelt- 
ing, from  any  country,  and  under  any  flag.  On  arrival  of  the  cargo  at  Swansea  or 
elsewhere,  a  bond  is  given  at  the  Custom-honse,  which  binds  the  party  to  return  the 
quantity  of  copper  which  the  lot  of  ores  shall  be  ascertained  to  contain,  into  bond  within 
a  limited  period,  or  pay  thereon  the  duty  as  foreign  copper,  which  is  27/.  per  ton.  The 
cargo  of  ore  is  then  weighed  out  by  the  custom-house  ofiScer,  and  samples  are  taken, 
which  are  sent  to  two  assay-masters  in  Cornwall,  the  highest  produce  of  the  two  being 
entered  as  that  of  the  cargo.  This  fixes  the  quantity  of  copper  that  must  be  exported 
under  the  bond. 

The  copper  produced  from  foreign  ores  must  then  find  a  market,  as  cake  or  pig  copper, 
in  France,  Holland,  Germany,  Italy,  the  United  States  of  America,  ^lc.  At  Calcutta,  it 
is  subject  to  a  duty  of  6  per  cent. ;  and  at  Bombay,  to  a  duty  of  10  per  cent,  ad  valorem. 

The  export  of  British  unwrought  copper  to  the  continent  of  Europe,  and  to  the  United 
States  of  America,  was  formerly  inconsiderable.  These  countries  drew  the  bulk  of 
their  supplies  either  from  the  north  of  Europe,  or  direct  (Vom  South  America  in  pig  cop- 
per. In  point  of  fact,  the  copper  derived  from  the  import  of  foreign  ores  for  smelting 
has  produced  for  itself  a  new  market,  as  the  following  table,  taken  from  the  official 
returns,  will  show. 

Export  of  nnwrought  copper  from  Great  Britain  to  all  parts,  except  Asia : — 
Years  ending  January  5,     1830  881  tons. 

—  1831  857  — 

—  1832  1826  — 

—  1833  2471  — 

—  1834  2523  — 

—  1835  3267  — 

—  1836  4083  — 

—  •  1837  2546  — 

In  the  last  year,  that  ended  with  5th  January,  1838,  the  export  of  nnwrought  copper 
iraa  about  5000  tons. 

Let  any  candid  and  practical  man  consider  attentively  this  table,  and  compare  it  with 
the  impOTt  of  foreign  ores  for  the  same  period,  and  with  the  gradual  advance  in  the 
^oe  of  copper ;  and  then  let  him,  if  he  can,  avoid  the  conclusion  that  the  admission  of 
loceign  ores  for  smdting  was  a  great  boon  conferred  upon  the  British  copper  mines,  for 
it  Blade  this  country  what  it  now  is,  the  regulator  and  distributor  of  the  copper  produce 
Of  the  world — the  country  to  which  all  others  consuming  and  not  producing  copper, 
iKuist  look  for  a  regular,  certain,  and  economical  supply.  We  want  the  admission  merely 
•  proper  and  safe  regulations,  of  finreign  copper  for  refining,  to  draw  to  this  country 
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:he  whole  supply  of  copper  for  the  world,  by  which  pricei  would  be  legiokted  and  Biii 
tainedy  and  our  eopper-mining  interests  pot  beyond  the  reach  of  tneeetifnl  linlry. 

This  country  did  not  furnish  any  supply  of  un wrought  copper  to  the  continent  d 
Europe,  or  to  the  United  Sutes  of  America,  which  was  worthy  of  votiee,  bdbre  the  yen 
1830 ;  in  fact,  previous  to  that  time,  we  imported  eonsideimUe  quutitiei  of  forapi 
copper  for  re-exportation  to  India.  It  is  easy  to  explain  how  the  pcodnce  of  Ibrdn 
ores,  being  prohibited  from  export  in  any  other  shape,  has,  in  faet,  opened  for  itsdi  ■ 
new  ddiMie,  and  this  is  illustrated  by  the  Uble,  showing  the  growth  of  the  export  •! 
unwrought  copper  from  1830.  To  prove  that  this  is  not  merely  a  limultaneons  advaaee 
in  the  export  of  all  sorts  of  copper,  a  corrected  table  is  subjoined  from  the  rffieial  icCsrM, 
comprising  the  whole  export,  and  divided  so  as  to  illustrate  the  operatioii  of  the  eoppQ 
produce  of  foreign  ores  upon  our  foreign  copper  trade. 


Copper  exported :— 


Tean  tndinf 

1 

WroQfht. 

Unwroafht. 

TfML 

To  mil  put*. 

To  all  parU. 

To  Indim. 

To  mU  putt. 

Tmu. 

Tmw. 

7W. 

6th  January,  1826  -  -  - 

960 

1826  .  -  . 

i 

1827  .  .  . 

130 

1828  .   -  . 

1329 

1829  -   -  - 

1079 

1830  -   -  - 

6327 

1801 

2682 

8,009 

1831  - 

6172 

2317 

3i60 

9,322 

1832  -  -  - 

6171 

2423 

3714 

8,885 

1833  -   -  - 

6866 

2312 

4669 

10,424 

1834  -   .  . 

6417 

1769 

4019 

9,436 

1835  -   .  • 

4787 

2104 

6283 

10,072 

1836  .   -  - 

6948 

1993 

6936 

11,883 
10,014* 

1837  -   -  - 

6106 

1588 

3909 

Production  of  Copper  in  Great  Britain : 


Yeari. 

Orel. 

Metal. 

Ton*. 

Tons. 

1771—1781 

28,185 

3380 

1781—1791 

32,854 

4123 

1791—1801 

48,034 

4083 

1801—1811 

67,533 

6060 

1811—1816 

78,237 

7181 

1816 

83,058 

7045 

1817 

75,016 

6608 

1818 

80,525 

6714 

1819 

92,234 

7214 

1820 

92,672 

7364 

1821 

98,803 

8163 

1822 

106,723 

9331 

1826 

128,459 

1827 

12,381 

1828 

163,600 

12,169 

1829 

11,994 

1830 

13,097 

1831 

14,480 
14,463 1 

1832 

*  SupnleneBt  to  tbe  Mininf  Jovraal,  Feb.  98, 18S& 
t  Tajlor't  Reooitli  of  Mininr,  Part  L,  p.  171. 
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opper  produced  ia  the  serend  dittrkts  of  Great  Britain  and  Ireland : — 


M  fioai — 

1898. 

18M. 

1830. 

1831. 

183S. 

Tom. 

T(MM. 

Totu. 

3W. 

TVm. 

1966 

9763 

10,890 

12,218 

12,099 

434 

318 

368 

312 

S49 

England 

71 

36 

10 

31 

42 

*sea  - 

738 

901 

815 

809 

852 

Wales - 

259 

172 

237 

123 

237 

706 

790 

768 

972 

974 

4 

9 

15 

12 

hnn  the  ores 

d  Kingdom  - 

12,169 

11,994 

13,097 

14,480 

14,465 

I  from  foreign 

30 

124 

100 

56 

12,169 

12,024 

13,221 

14,580 

14,521 

opper/or  Cornwall  t»  1837.— The  total  quantity  of  ore  sold  was  142,089 
.),  yielding  an  average  produce  of  eight  per  cent. ;  the  quantity  of  fine 
,209  Ions  1  ewt. ;  and  the  average  price  of  the  ore  5/.  15«.  6d. ;  the 
the  sales  for  the  twelve  months  being  822,516/.  The  standard  upon 
iry  was  127/.  16s. ;  this  was  the  highest  for  the  year.  Upon  the  22d  of 
le  lowest,  being  only  93/.  18«.  It  went  up  again  to  120/.  10«.  npon  the 
but  declined  with  some  slight  fluctuation  to  107/.  18«.  upon  the  28th 
rhe  largest  quantity  sold  at  any  one  ticketing  was  4670  tons,  upon  the 
1  the  smallest  1088,  upon  the  17th  of  August.  The  highest  produee 
re  eighths  per  cent,  upon  the  13th  of  July ;  and  the  lowest,  seven,  upon 
lary.  The  greatest  weekly  total  was  25,887/.,  npon  the  2d  of  Novem- 
st  5694/.,  upon  the  17th  of  August.   The  average  sum  per  week  was 


»roduce  of  Copper  Ores  and  fine  Metal  in  Cornwall,  from  1800  to  1830. 


1. 

Metal. 

Vala«  of  On. 

Metal. 

ATerags  Standard. 

1  Cwtt. 

Tons.  Cut. 

Per  Cent,  of  Ore. 

Price  per  Ton. 

£ 

$. 

d. 

£ 

e.  d. 

M 

5187 

0 

550,925 

0 

0 

133 

3  6 

11 

5268 

0 

476,331 

0 

0 

117 

8  0 

n 

5228 

15 

445,094 

0 

0 

110 

18  0 

vr 

5374 

18 

507,840 

11 

0 

81 

136 

5  0 

6863 

10 

730,846 
495,303 

6 

0 

8J 

f 

138 

5  0 

n 

6795 

13 

10 

0 

10 

100 

7  0 

18 

5682 

19 

570,035 

8 

0 

8i 

132 

5  0 

17 

6720 

7 

549,665 

6 

0 

9 

i 

111 

0  0 

22 

6369 

13 

627,501 

10 

0 

8 

• 

130 

12  0 

14 

6697 

4 

447,959 

17 

0 

8 

98 

13  0 

r4 

6849 

7 

686,005 

4 

0 

7 

134 

15  0 

r3 

7508 

0 

602,441 

12 

0 

8l 

f 

113 

15  0 

23 

9140 

8 

663,085 

13 

0 

81 

i 

104 

0  0 

X) 

7823 

15 

587,178 

0 

0 

7- 

110 

0  0 

)8 

9026 

12 

788,971 

15 

0 

7 

123 

3  0 

56 

9921 

1 

756,174 

16 

0 

7 

112 

7  0 

)2 

9656 

10 

717,334 

0 

0 

7\ 

109 

14  0 

)6 

11,224 

19 

887,900 

0 

0 

7 

114 

4  0 

17 

12,271 

14 

893,402 

15 

0 

8» 

106 

11  0 

*  BCiatnr  BtTi«w,  Feb.  98, 18ML 
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Produce  of  Copper  Mines  in  Comwally  (<m  the  anthority  of  Join  Tijkrt  Eiq  J^JKJL) 


Ymts. 

On. 

1831 
1832 
1833 
1834 
1835 
1836 
1837 

7W. 
144,402 
137,367 
138,300 
143,296 
150,617 
140,981 
140,753 

natal. 


TVmu. 
12,044 
11,948 
11,191 
11,226 
12,270 
11,647 
10,832 


806,090  15  6 

825.612  6  0 
858,708  10  0 
887,902  0  0 
893,402  14  0 
957,752  8  6 

908.613  15  0 


8 

7 


100 
100 

111 

114 
106 
115 
120 


An  account  of  the  quantities  of  Foreign  wrought  and  unwronght  Copper,  aid  Concr 
Ore  imported  and  exported,  and  of  British  wrought  and  unwrou^t  Copper  eipocted  mm 
the  United  Kingdom ;  together  with  the  quantities  and  value  ot  Copper  Ore  sadled  ii 
Cornwall  and  Swansea,  and  the  quantity  of  Copper  produced  in  those  plaees;  and  ia  the 
county  of  Devon ;  together  with  the  market  prices  of  sheet  and  cake  Copper,  in  Ibe 
year  ending  5th  January,  1835. 


Qvmntity. 

Foreign  Copper  imported : 
Unwronght  in  bricks  or  pigs,  rose  and  cast  eopper,  Cwtt, 
Part  wrought,  viz.,  bars,  rods,  or  ingots,  hammered 

Wrought  plates  and  coin    .      .      •      •  « 
—    old  for  re-manufacture  •      -      -  - 

Manufkctnres  of  copper,  entered  by  weight  - 

—  entered  at  value  - 
Foreign  copper  expottedf  viz : — 

Unwronght,  in  bricks  and  pigs,  rose  and  cast  cop- 
Part  wrought,  viz.,  bars,  rods,  or  Ingots,  hammered 

Old,  fit  only  for  re-manufacture  - 

Smelted  in  the  United  Kingdom  from  foreign  ore  - 

Manufactures  of  copper,  entered  by  weight  - 

—  entered  at  value 

BRITISH  COPPER. 

Exported,  unwrought,  in  bricks  and  pigs  -      -      -  Cwtt, 
—     wrought  sheets,  nails,  &.c.  ... 

—  of  other  sorts    .      -      -  - 
Total  of  British  copper  exported  -      -      -  - 

Ores  sold  in  Cornwall : — 

Ores  sold,  6tc.  in  Swansea : — 

Copper  sold  in  Devonshire  |         \    '      '  ' 
Total  quantity  of  copper  raised  in  the  United  Sjngdom,  \ 
exclusive  of  Anglesea  and  Staffordshire,  and  deducting  1 
1083  tons  of  metal,  value  88,207/.,  the  produce  of  4985  [ 
tons  of  foreign  ore  sold  at  Swansea,  included  above,  ) 

6^ 

1,968 
£ 
493 
278,900 
650 

6,898 

2,013 
265 
55,456 
650 

63,252 
103,433 
56 

15,197 
182,225 

150,617 

12,270 

28,746 
2,832 

X  5,114 
I  455 

14,474 

£    9,  4. 
5^  0  0 

112  0  0 

693^  0  0 
106  11  0 

223,958  0  0 
101  18  0 

_ 
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.  (Couperose  terte,  Fr. ;  Eitenntnol,  Germ.)  Sulphate  of  iron. 
oraU,  Fr. ;  KoralU,  Germ.)  is  a  calcareoas  substance,  finned  by  a 
polypus,  which  constructs  in  concert  immense  ramified  habitations,  consist- 
tUage  of  small  cells,  each  the  abode  of  an  animal.  The  coral  is  therefore 
,  which  resembles  a  tree  stripped  of  its  leaTcs.  It  has  no  roots,  but  a  foot 
tmispherical  scull-cap,  which  applies  closely  to  every  point  of  the  surface 
stands,  and  is  therefore  difficult  to  detadi.  It  merely  serves  as  a  basis  or 
coral,  but  contributes  in  no  manner  to  its  growth,  like  the  root  of  an  ordi- 
detached  pieces  have  been  often  found  at  the  bottom  of  the  sea  in  a  state 
1  reproduction.  From  the  above  base  a  stem  usually  single  proceeds,  which 
es  an  inch  in  diameter,  and  from  it  a  small  number  of  branches  ramify  in 
directions,  which  are  studded  over  with  cells,  each  containing  an  insect, 
len  they  extend  their  arms,  feelers,  or  tentacula,  resemble  flowers,  whencCy 
1  the  form  of  the  coral,  they  were  classed  among  vegetable  productions, 
styled  zoophiles  by  the  writers  upon  Natural  History. 
3ral  is  found  in  the  Mediterranean.  It  is  fished  for  upon  the  coasts  of 
constitutes  a  considerable  branch  of  trade  at  Marseilles.  The  coral  is  at- 
submarine  rocks,  as  a  tree  is  by  its  roots,  but  the  branches,  instead  of 
rds,  shoot  downwards  towards  the  bottom  of  the  sea ;  a  conformation 
'caking  them  otf  and  bringing  them  up.  For  this  kind  of  fishing,  eight 
excellent  divers,  equip  a  felucca  or  small  boat,  OEilled  commonly  a  eoral- 
arry  with  them  a  large  wooden  cross,  with  strong,  equal,  and  long  arms, 
.  stout  bag-net.  They  attach  a  strong  rope  to  the  middle  of  the  cross, 
I  horizontally  into  the  sea,  having  loaded  its  centre  with  a  weight  sufficient 
le  diver  follows  the  cross,  pushes  one  arm  of  it  after  another  into  the  hoi- 
iks,  so  as  to  entangle  the  coral  in  the  nets.  Then  his  comrades  in  the  boat 
>ss  and  its  accompaniments. 

I  is  nearly  as  dangerous  as  pearl  fishing,  on  account  of  the  number  of  sharks 
t  the  seas  where  it  is  carried  on.  One  would  think  the  diving-bell  in  hs 
ticable  state  might  be  employed  with  great  advantage  for  both  purposes, 
itly  of  a  fine  red  color,  but  occasionally  it  is  flesh-colored,  yellow,  or  white, 
ferred  for  making  necklaces,  crosses,  and  other  female  ornaments.  It  is 
i  precious  stones.   See  Lapioart. 

^,  Fr. ;  Kork,  Germ.)  is  the  bark  of  the  querent  liber,  Linn.,  a  species  of 
h  grows  abundantly  in  the  southern  provinces  of  France,  Italy,  and  Spain, 
ken  ofl*  by  making  coronal  incisions  above  and  below  the  portions  to  be 
ical  incisions  are  then  made  from  one  of  these  circles  to  another,  whereby 
be  easily  detached.  It  is  steeped  in  water  to  soAen  it,  in  order  to  be  flat- 
iire  under  heavy  stones,  and  next  dried  at  a  fire  which  blackens  its  snrface. 
bound  up  in  bales  and  sent  into  the  market. 

vo  sorts  of  cork,  the  white  and  the  black ;  the  former  grows  in  France  and 
jMiin.  The  cakes  of  the  white  are  usually  more  beautiful,  more  smooth, 
-om  knots  and  cracks,  of  a  finer  grain,  of  a  yellowish  gray  color  on  both 
more  smoothly  than  the  black.  When  this  cork  is  burned  in  close  vessels 
gment  called  Spaiiith  black. 

ace  is  employed  to  fabricate  not  only  bottle  corks,  but  small  architectural 
!  nuKlels,  which  are  rery  convenient  from  their  lightness  and  solidity, 
tters  divide  the  boards  of  cork  first  into  narrow  fillets,  which  they  after 
le  into  short  parallelopipeds,  and  then  round  these  into  the  proper  conical 
shape.  The  bench  before  which  they  work  is  a  square  table,  where  4 
leated,  one  at  every  side,  the  table  being  furnished  with  a  ledge  to  prevent 
.  falling  over.  The  cork-cutter's  knife  is  a  brood  blade,  very  thin,  and  fine 
rhetted  from  time  to  time  upon  a  fine-grained  dry  whetstone.  The  work- 
to  draw  his  knife  edge  over  the  cork,  fbr  he  would  thus  make  misses,  and 
self,  but  rather  the  cork  over  the  knife  edge.  He  should  seize  the  knife 
and,  rest  the  back  of  it  upon  the  edge  of  the  table,  into  one  of  the  notches 
nt  it  from  slipping,  and  merely  turns  its  edge  sometimes  upright  and  some- 
ide.  Then  holding  the  squared  piece  of  cork  by  its  two  ends,  between  his 
thumb,  he  presents  it  in  the  direction  of  its  length  to  the  edge  ;  the  oovk  is 
cut  into  a  rounded  form  by  being  dexterously  turned  in  the  hand.  He  next 
o  ends,  when  the  cork  is  finished  and  thrown  into  the  proper  basket  along- 
BTwards  sorted  by  women  or  boys. 

rs  a  much  thicker  kind  of  cork  boards  have  been  imported  from  Catalonia, 
Bger  and  better  corks  may  be  made.  In  the  art  of  cork-cutting  the  Frensk 
nglish,  as  any  one  may  convince  himself  by  comparing  the  corks  of  their 
fttlet  with  those  made  in  this  country. 

«Nmt  of  its  buoyancy  in  water,  is  extensively  employed  for  making  floats 
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to  fishermen's  nels^  and  in  the  construction  of  life-boAts.   Its  impenneiluUtj  to  water  kai 
led  to  its  employment  for  inner  soles  to  shoes. 

When  cork  Ls' rasped  into  powder,  and  subjected  to  chemical  solventa,  saeh  as  akoUt 
&c.,  it  Iravcs  70  per  cent,  of  an  insoluble  substance,  called  ntberim.  When  it  it  treiled 
with  nitric  ncid,  it  yields  the  followinsr  remarkable  products: —  White  fibrona  madcr 
0*18,  resin  14*72,  oxalic  acid  16*00,  suberic  acid  (peculiar  acid  of  eorlc)  14-4  in  100 
parts. 

Machine  eork-cufling.  —  A  patent  was  obtained  some  years  ago  by  Sarah  ThoDsoaftr 
this  purpose.  The  cutting  of  the  cork  into  slips  is  effected  by  fixing  it  upon  the  slidiog 
bed  of  an  engine,  and  bringing  it,  by  a  progressive  motion,  under  the  action  of  a  dmlir 
knife,  by  which  it  is  cut  into  slips  of  equal  widths.  The  nature  or  oonstructioa  of  a 
machine  to  be  used  for  this  purpose  may  be  easily  ccmceived,  as  it  poaaesset  no  new  se* 
chanical  feature,  except  in  its  application  to  cutting  cork.  The  motion  comiiianicalii 
to  the  knife  by  hand,  steam,  horse,  or  other  power,  moves  at  the  same  time  the  bed  ala^ 
which  carries  the  cork  to  be  cut. 

The  second  part  of  the  invention,  viz.,  that  for  separating  the  cork  into  aqaare  pieces, 
after  it  has  been  cut  into  slips  aa  above,  is  eflected  by  a  moving  bed  as  before,  upon  which 
the  slips  are  to  be  placed  and  submitted  to  the  action  of  a  cutting  lever,  which  may  be 
regulated  to  chop  the  cork  into  pieces  of  any  given  length. 

The  third  part  of  the  invention,  viz.,  that  fur  rounding  or  finishing  the  coriu,  eonsists 
of  an  engine  to  which  is  attached  a  circular  knife  that  turns  vertically,  and  a  carriage  or 
frame  upon  its  side  that  revolves  upon  an  axle  horizontally. 

This  carriage  or  frame  contains  several  pairs  of  damps,  intended  respectively  to  hoU 
a  piece  of  the  square  cut  cork  by  pressing  it  at  the  ends,  aiid  carrying  it  lengthways  po^ 
pendicularly ;  which  clamps  arc  contrived  to  have  a  spindle  motion,  by  means  of  apinioa 
at  the  lower  end  of  their  axles,  working  into  a  spur-wheel. 

The  machinery,  thus  arranged,  is  put  in  motion  by  means  of  bands  and  dnini-wheel% 
or  any  other  contrivance  which  may  be  found  most  eliirible ;  and  at  the  same  time  thit 
the  circular  knife  revolves  vertically,  the  frame  containing  the  clamps  with  the  pieces  of 
cork,  turns  horizontally,  bringing  the  corks,  one  by  one,  up  to  the  edge  of  the  knife,  whca, 
to  render  each  piece  of  cork  cylindrical,  the  clamps,  as  above  described,  revolve  upon  their 
axes,  indei>endently  of  their  carriage,  by  which  means  the  whole  circumference  of  the 
cork  is  brought  under  the  action  of  the  knife,  the  superfluous  parts  are  uniformly  pared 
off,  and  the  cork  is  finished  smooth  and  cylindiical. 

CORROSIVE  SUBLIMATE ;  bichloride  of  mercury. 

CORUNDUM*;  or  Telesie ;  a  very  hard  cenus  of  aluminous  minerals,  to  which  the 
gems,  sapphire,  ruby,  salamstein,  and  adamantine  spar  belong. 

COTTON    DYEING.    {Teinture   de   Coton,  Fr.;    Baumwollen/arbertiy  Germ.) 
Cotton  and  linen  yarns  and  cloths  have  nearly  the  same  afilnity  for  dyes,  and 
may  therefore  with  propriety  be  treated,  in  this  respect,  together.   After  they  have 
acquired  the  proper  desrree  of  whiteness  (see  Bleaching),  they  are  still  unfit  to 
receive  and  retain  the  dyes  in  a  permanent  manner.    It  is  necessary,  before  dipping 
them  into  the  dye-bath,  to  give  them  a  tendency  to  condense  the  coloring  partidcf 
within  their  cavities  or  pores,  and  to  communicate  such  chemical  properties  as  wiO 
fix  these  particles  so  that  they  will  not  separate,  to  whatever  ordinary  trial  they  may 
be  subjected.  All  the  colors  which  it  would  be  desirable  to  transfer  to  these  stuffs  unfor- 
tunately do  not  possess  this  permanence.  Men  of  science  engaged  in  this  important  art  have 
constantly  aimed  at  the  discovery  of  some  new  processes  which  may  transfer  into  the  das 
of  fast  colors  those  dyes  which  ore  at  present  more  or  less  fugitive.    Almost  all  the 
goods  manufactured  of  cotton,  flax,  or  hemp,  are  intended  to  be  washed,  and  ooght, 
therefore,  to  be  so  dyed  as  to  resist  the  alkaline  and  soapy  solutions  commonly  used  ia 
the  laundry.     Vitalis  distinguished  dyed  cottons  into  three  classes;  1.  the  fugitive^  oc 
fancy-colored  (pcfit  ieint),  which  change  their  hue  or  are  destroyed  by  one  or  tw€» 
boils  with  soap ;  2.  those  which  resist  five  or  six  careful  washings  with  soap,  are  good  djtm^ 
(ban  teini) ;  and  those  which  were  still  more  durable,  such  as  Turkey  reds,  may  be  catted 
fast  colors  (grand  teint).     The  colors  of  Brazil-wood,  logwood,  annotto,  safflower,  4te^  t= 
fugitive ;  those  made  with  madder  without  an  oily  base,  are  good ;  and  those  of  maiS:' 
der  with  an  oily  mordant,  are  fast.    It  is,  however,  possible  to  point  out  certain  procesa^^ 
for  giving  these  different  orders  of  dyes  a  greater  degree  of  fixity. 

I  shall  describe,  in  the  five  following  paragraphs,  the  operations  condndve  to  the  fi^'' 
ation  of  colors  upon  cotton  and  linen. 

1.  Galling,  Either  gall-nuts  alone,  or  sumach  alone,  or  these  two  substances  nnitie^^ 
•re  employed  to  give  to  cotton  the  fast  dye  preparation.  2  or  3  ounces  of  galls  forever^ 
pound  of  cotton,  being  coarsely  pounded,  are  to  be  put  into  a  copper  containing  aboi^ 
80  gallons  of  water  for  every  100  pounds  of  cotton,  and  the  bath  is  to  be  boOed  till  the  hitf 
of  galls  feel  pasty  between  the  fingers.  The  fire  bdng  withdrawn,  when  the  bathbecom^ 
Boderatdy  eool,  it  is  passed  through  a  hair-doth  sieve.    If  during  this  operation  tl^ 
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KVMT  should  become  cold,  it  must  be  made  once  more  as  hot  as  the  hand  can  bear.  A 
loilioa  of  it  is  now  transferred  into  another  vessel,  called  a  back,  in  which  the  cotton  ig 
vorind  till  it  be  well  penetrated  with  the  decoction.  It  is  then  taken  out,  wrung  at  the 
pqt  €r  ffqaeesed  in  a  prefs,  and  straightway  hung  up  in  the  drying-house.  Some  more 
tt  the  fresh  decoction  being  added  to  the  partially  exhausted  liquor  in  the  back,  the  pro 
CM  if  mnmed  upon  fresh  goods. 

The  manipulation  is  the  same  with  sumach,  but  the  bath  is  somewhat  differently  made ; 
kcuse  the  quantity  of  sumach  must  be  double  that  of  galls,  and  must  be  merely  infused 
it  fcry  hot  water,  without  bpiling.  When  galls  and  sumach  are  both  prescribed,  their 
ktb  shook!  be  separately  made  and  mixed  together. 

Sl  JIumimg.  Alum  is  a  salt  which  serves  to  prepare  cotton  for  receiving  an  indefinite 
larifty  of  dyes.  Its  bath  is  made  as  follows :  For  100  pounds  of  scoured  cotton,  about 
SOgiUoas  of  water,  bein?  put  into  the  copper,  are  heated  to  about  I22f*  F.,  when  4  ounces 

thun,  coarsely  pounded,  are  thrown  in  for  every  pound  of  cotton,  and  instanUy  dis- 
Mhcd.  Whenever  the  heat  of  the  bath  has  fallen  to  about  98"  F.,  the  cotton  is  well 
vorkcd  in  it,  in  order  that  the  solution  may  thoroughly  penetrate  all  its  pores.  It  is  then 
tikni  out,  wrung  at  the  pee  or  squeezed  in  the  press,  and  dried  in  the  shade.  The  soln- 
tioBof  alum  is  of  such  constant  employment  in  this  kinA  of  dyeing,  that  it  should  be 
Mde  io  large  quantities  at  a  time,  kept  in  the  alum  tun,  where  it  can  suffer  no  deteriora- 
tioi,  and  drawn  off  by  a  spigot  or  stop-cock  as  wanted. 

lliere  are  certain  colors  which  require  alum  to  be  deprived  of  a  portion  of  its  acid  ex- 
Kii,as  a  supersalt;  which  may  be  done  by  putting  1  ounce  of  crystals  of  soda  into  the 
tu  for  every  pound  of  alum.  But  so  much  soda  should  never  be  nsed  as  to  cause  any 
FRDsnent  precipitation  of  alumina.  When  thus  prepared,  it  is  called  saturated  alum, 
thooch  it  is  by  no  means  neutral  to  litmus  paper ;  but  it  crystallizes  differently  from  ordi- 
■rytlom. 

Cotton  docs  not  take  up  at  the  first  aluming  a  sufficient  quantity  of  alum ;  but  it  must 
Rcrive  a  second,  or  even  a  third  immersion.  In  every  case  the  stuff  should  be  thoroughly 
^iH,  with  an  interval  of  one  or  two  days  between  each  application ;  and  it  may  even  be 
kft  for  10  or  12  hours  moist  with  the  alum  bath  before  being  hung  in  the  air.  When 
U«  cotton  is  finally  dry,  it  must  be  washed  before  being  plunged  into  the  dye  bath ;  other- 
viK,  the  portion  of  alum  not  intimately  combined  with  the  cotton,  but  adhering  exter- 
MDy  to  its  filaments,  would  come  off  by  the  heat,  mix  with  the  bath,  alter  the  color 
W  diuolving  in  it,  and  throw  it  down  to  the  bottom  of  the  copper,  in  the  form  of  a  laike, 
to  the  great  lo»s  of  the  dyer.  Madder  reds,  weld  yellows,  and  some  other  ccdors  are 
Bore  brilliant  and  faster  when  acetate  of  alumina,  prepared  with  acetate  of  lead,  alum, 
ud  a  little  potash,  is  used,  than  even  saturated  alum.  This  mordant  is  employed  cold, 
at  4°  Banme. 

3.  Mordants,   See  this  article  in  its  alphabetical  place. 

4.  Dye  baths  are  distinguished  into  two  classes ;  the  coloring  bath,  and  the  dyeing  bath. 
Tke  former  serves  to  extract  the  coloring  matters  of  the  dinerent  substances,  with  the 
tieeption  of  madder,  which  is  always  used  in  substance,  and  never  as  an  extract,  infti- 
M,  or  decoctkin.  In  all  these  cases,  when  the  color  is  extracted,  that  is,  when  the  dye 
hah  is  completed  by  the  degree  of  heat  suited  to  each  substance,  it  is  then  allowed  to 
cod  down  a  certain  way,  and  the  cotton  is  worked  or  winced  through  it,  to  get  the  wished- 
Ibr  tint.  This  is  what  is  called  the  dye  bath.  Several  coloring  baths  are  made  in  Uie 
ooU;  and  they  sen  c  to  dye  also  in  the  coU ;  but  the  greater  part  require  a  heat  of  90^  or 

to  faciliute  the  penetration  of  the  stu^  by  the  coloring  particles.  The  descriptioii 
«f  the  several  dye  baths  is  given  under  the  indivklual  dyes. 

A.  Of  tkt  waiAtng  after  the  dyeing, — The  washing  of  the  cottons  after  they  have  re- 
eovea  the  dyes,  is  one  of  the  most  important  operations  in  the  business.  If  it  is  not  core- 
fid^  performed,  the  excess  of  color  not  combined  with  the  fibres  is  apt  to  stain  whatever 
it  tooehet.  This  inconvenience  wouU  be  of  little  consequence,  if  the  frictk>n  carried 
iff  the  color  equally  from  all  the  points ;  but  it  does  not  do  so,  and  hence  the  surface  ap- 
fmn  mottled.  A  well-planned  dye  house  should  be  an  oblong  gallery,  with  a  stream  of 
viler  flowing  akmg  m  aa  open  conduit  in  the  middle  line,  a  series  of  dash-wheds  ar- 
mged  a^inst  the  wall,  at  one  side,  and  of  dyeing  coppers,  Aimished  with  self-acting 
viMet  or  reels  against  the  other.  In  such  a  gallery,  the  washing  may  be  done  either  by 
hoad,  by  the  rinsing  machine,  or  by  the  dash-wheel,  according  to  the  quality  of  the  dye, 
md  the  texture  of  the  stuffs.  And  they  may  be  stripped  of  the  water  either  by  the  jade 
md  pifl,  by  the  squeezing  roller,  or  by  the  press.  Wooden  pins  are  placed  in  some  dye 
hoHCt  on  each  side  of  the  wash  cistern  or  pool.  They  are  somewhat  conical,  1|  foot 
8|  inches  in  diameter  at  the  base,  1|  at  the  top,  are  fixed  firmly  upright,  and  at  n 
of  nboot  3  feet  above  the  bottom  of  the  dstern,  so  as  to  be  handy  for  the  workmen. 
Ih  BnAxiirWooD,  Fustic,  Madder,  Black  Dye,  Brown  Bte,  Itc.,  as  also  BixACHuray 
Auv,  Cauco  Priiitiiig,  DuFfGiifc,  Dtkino,  &c. 
CQTION  BCANUFACTURE.    {FUaimn  d*  Cot<m,  Fr.{  BawK^wttkupkmrk, 
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Gem.)  Cotton  is  a  filamentous  down,  which  inTests  the  seeds  of  tlw  pluil  edlsd  i» 
typium  by  Linnaeus,  and  placed  by  him  in  the  class  momaddphia^  mad  aider  wKmamikf 
but  beloDging  to  the  natural  family  of  malvaeta.  It  has  a  cap-shaped  calyx,  ota^ 
five-toothed,  enclosed  in  a  three-cle(\  exterior  calyx ;  the  leaflets  are  nnlted  al  their  kiL 
of  a  heart  shape,  and  toothed ;  stigmas  three  to  five ;  capsule  three  to  five  eeUed  SM 
many  seeded ;  seeds  bearing  a  downy  wool.  Thirteen  species  are  deaeribed  by  Dm» 
doUe,  but  their  characters  are  very  uncertain,  and  no  botanist  can  aaaujb  to  a  dsMi 
species  of  the  plant,  the  very  dissimilar  staples  of  the  cotton  filaments  IbnlViB  eaaiMNa 
The  leaves  are  generally  palmate  and  hairy ;  and  the  bloswms  are  large,  and  of  a  bcBB> 
tiAil  yellow.  The  go»sypi%m  re/tgtontm  of  Tranquebar  has  white  hknantns  ia  aeaK 
its  varieties,  to  which  probably  the  white  cotton  of  Rome,  cultivated  in  the  Jaiiia  in 
Plantes  at  Paris,  belongs.  The  filaments  differ  in  length,  flexibility,  tenacity,  and  thiA- 
ness,  in  different  cottons,  whence  the  great  differences  of  their  value  to  the  luCIuii  ifii 
ner,  as  the  prices  current  in  the  market  show.  Thus,  at  Liverpool,  on  the  1st  of 
ber,  1835,  the  following  values  were  assigned  to  the  following  cottons: — 

t.  d.      ff.  d. 

Sea-island  -         -         -         -  16to26 

Demarara  and  Berbice  -         •         -         0   9  10 

Pernambuco  -         -         -         -         0  lOf     1  1| 

Egyptian       -         -         -         -         -         0  111     1  2i 
New  Orleans  -         -         -         -         0  7f     1  0 

Bahia  0   8}     0  10 

Upland  Georgia        -         •         -         -         0  7|     0  111 
West  Indian  -         •         -         -         0  7f     0  9 

Surat  -         -        -        -         -         0  6i     0  8 

Madras     •  0  Si     0  8 

Bengal  0   5}^    0  6| 

But  it  is  to  be  observed,  that  there  are  vaneties  of  the  Sea-island  Georgian  cotton,  m 

highly  prized  by  the  spinner  of  fine  yam,  as  to  fetch  3«.,  4j.,  or  even  5«.  per  pound. 
The  filaments  of  cotton,  when  examined  with  a  good  microscope,  are  seen  to  be  noie 

or  less  riband-like,  and  twisted ;  having  a  breadth  varying  from       of  an  inch  in  tk 

strongest  Smyrna  or  candle-wick  cotton  of  the  Levant,  to         of  an  inch  in  the  fisot 

Sea-island. 

The  main  distinction  between  cottons  in  the  pod,  is  that  of  the  bkick-  seeded  and  the 
green  seeded ;  for  the  former  part  with  their  downy  wool  very  readily  to  a  pair  of  simple 
rollers,  made  to  revolve  nearly  in  contact,  by  the  power  of  the  human  arm ;  while  ike 
latter  retain  the  wool  with  much  force,  and  require  to  be  ginned,  as  the  operation  is 
called,  by  a  powerful  revolving  circular  saw-mechanism,  usually  driven  by  horse  or  waier 
power.  After  the  cotton  W(X)1  is  thus  separated  from  the  seeds,  it  is  packed  in  lartt 
canvass  bags,  commonly  with  the  aid  of  a  screw  or  hydraulic  press,  into  a  very  dense 
bale,  for  the  convenience  of  transport.  Each  of  the  American  bags  contains  about  340 
lbs.  of  cotton  wool.  When  this  cotton  is  delivered  to  the  manufacturer,  it  is  so  foul  and 
flocky,  that  he  must  clean  and  disentangle  it  with  the  utmost  care  before  he  can  sabjeci 
it  to  the  carding  operation. 

.  Fig.  317,  A  B,  is  a  roller,  about  9  inches  in  diameter, 
which  revolves  in  the  direction  of  the  arrow.  This 
c}'linder  consists  of  a  parallel  series  of  oblique  pointed 
circular  saws  made  fast  to  one  axis,  and  parted  (too 
each  other  by  wooden  rings  nearly  one  inch  and  a  half 
in  thickness.  Above  the  c}'linder,  is  a  kind  of  hopper 
E  F,  into  which  the  ginner  throws  the  seed  cotton,  whieh 
falls  upon  a  grating,  up  through  which  small  segmenti 
of  the  saw-teeth  project,  so  as  to  lay  hold  of  the  fibres  in  their  revolution,  and  pull  then 
throngh,  while  the  seeds,  being  thus  separated,  roll  down  the  slope  of  the  grid,  to  be 
discharged  from  the  spout  i  k.  m  is  a  cylindrical  brush  placed  below  the  grating) 
which  revolves  against  the  saw-teeth,  so  as  to  clear  them  of  the  adhering  cotton 
filaments. 

The  tpiUow^  which  was  CHriginally  a  cylmdrieal  willow  basket,  whence  its  name,  but  if 
now  a  box  made  of  wood,  with  revolving  iron  spikes,  is  the  first  apparatus  to  whick 
cotton  wool  is  exposed,  after  it  has  been  opened  up,  picked,  and  sorted  by  hand  or  > 
rake,  in  what  is  called  a  Mng.  The  willow  exercises  a  winnowing  action,  loosens  tlit 
large  flocks,  and  shakes  out  much  of  the  dirt  contained  in  them.  The  frame  ci  the 
willow  is  attoat  2  feet  wide,  and  turns  with  its  spOces  at  the  rapid  rate  of  600  revohitioBf 
per  minute,  whereby  it  tosses  the  cotton  about  with  great  violence.  The  heavy  iio* 
purities  fall  down  through  the  grid  bottom.  It  is  exposed,  however,  for  only  a 
minutes  to  the  action  of  this  machine.  For  factories,  which  work  up  chiefly  the  coarftf 
and  fouler  cottons  of  India,  and  Upland  Georgia,  the  conical  scSf-acting  willow,  » 
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}fM  hf  Mr.  Lillie  at  Manchester,  is  much  employed.  In  it,  the  cotton  is  put  in  at 
WW  end  of  the  tnincated  cone,  which,  being  spiked,  and  revolving  rapidly  within 
*  eoneentric  ease  upon  a  horizontal  axis,  wafts  it  on  towards  the  wide  end,  while 
iritics  are  partly  riiaken  out  through  Uie  grid  or  perforated  bottom,  and  partly 
op  through  revolving  squirrel  wire  cages,  by  the  centrifugal  action  of  a  fan.  This 
rofol  automatic  engine,  deserving  the  study  of  the  curious,  and  is  as  safe  as  it  is 
J.  The  cone  of  this  huge  machine  makes  from  400  to  600  turns  per  minute,  and 
m  7209  pounds^  or  24  bags,  in  a  day. 

ihakin|(  out  the  grosser  impurities  by  the  willow,  the  cotton  spinner  proceeds 
rate  each  individual  filament  of  cotton  wool  from  its  fellow,  so  as  la  prepare  it 
[iogt  and  to  flree  it  from  every  particle  of  foreign  matter,  whether  lighter  or 
than  itsdf.  This  second  operation  is  performed  by  what  are  called  batting 
),  scutching,  and  blowing  machines,  which  are  all  now  much  the  same,  what- 
brence  of  signification  the  name  may  have.   Indeed,  each  machine  not  only 

beats,  scutches,  but  blows.  Fig.  318  ex- 
hibits a  longitudinal  section  of  a  good 
i>lowing  engine  of  modem  construction. 
The  machine  is  about  18  or  19  feet  long, 
and  three  feet  across  within  the  case.  The 
whole  frame  is  made  of  cast-iron,  lined 
with  boards,  forming  a  dose  box,  which  has 
merely  openings  for  introducii^  the  raw 
cotton  wool,  for  taking  out  the  cleansed 
wool,  and  removing  the  dust  as  it  collects 
at  the  bottom.  These  doors  are  shut  du- 
ring the  operation  of  the  machine,  but  may 
be  opened  at  pleasure,  to  allow  the  interior 
to  be  inspected  and  repaired. 

The  introduction  of  the  cotton  is  effected 
by  means  of  an  endless  cloth  or  double 
apron,  which  moves  in  the  direction  of 
the  arrow  a  a,  at  the  left  end  of  the  figure, 
by  passing  round  the  continually  revolving 
rollers  at  b  and  c.  The  two  rollers  at  e, 
being  the  ones  which  immediately  intro- 
duce the  cotton  into  the  jaws,  as  it  were, 
of  the  machine,  are  called  the  feed  rollers. 
The  batting  arm,  or  revolving  diameter, 
/  e,  turns  in  the  direction  of  the  arrow,  and 
strikes  the  flodcs  violently  as  they  enter,  so 
as  to  throw  down  any  heavy  particles  upon 
the  iron  grating  or  grid  at  n,  while  the 
light  cotton  filaments  are  wafled  onwards 
with  tha  wind,  fVom  the  rotation  of  the 
scutcher^  the  direction  of  arrow  a\  along 
the  secoflH  travelling  apron,  upon  which  the 
squirrel  cage  cylinder  presses,  and  applies 
the  cotton  in  the  form  of  a  lap.  Above  the 
cylindrie  cage  A,  which  turns  in  the  di- 
rection of  its  arrow,  there  is  a  j^pe  k,  the 
eontinuation  of  the  case  i. 


This 


pipe. 


though  broken  off  in  the  figure,  com- 
municates by  a  branch  pipe  with  an  air- 
sucking  fan  ventihitor,  not  seen  in  this 
figure,  but  explained  under  Foundry.  The 
cage  A,  by  its  rotation,  presses  down,  as  we 
have  sakl,  the  half-cleaned  cotton  upon  the 
cloth  of,  which  carries  it  forward  to  the 
second  scotdier  by  the  second  set  of 
^        M4  feed  rollers  e".  The  second  scutcher  throws 

lQr\  down  the  heavy  dust  upon  the  second 

|V       kmL  Snd  n',  through  which  it  falls  upon  the 

rraB  bottom  of  the  case.   The  first  scutcher 

makes  about  1280  strokes  of  each  of  its 
two  arms  in  a  minute ;  the  second  1390. 
d  rollers  for  each  are  fluted.  The  feed  cloth  is  either  sustained  by  a  board,  or 
of  parallel  spars  of  wood,  to  aecure  it  against  bagging,  which  woukl  render  th« 
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delivery  of  the  cotton  irregalar.  The  feed  rollers  moke  8  turni  in  the  mimitei  waAm 
their  diameter  is  ]|  inches,  thej  will  introduce  8  times  their  cirenmferrnoey  or  37*7  incki 
of  the  cotton  spread  upon  the  apron  in  that  time.  Upon  eTery  lUh,  part  of  an  inck  of 
the  cotton,  therefore,  nearly  3  blows  of  the  scutcher  9jrm  wiU  be  applied.  The  weoii 
feed  rollers  move  relatively  with  more  slowness,  so  fhat  for  every  2*4  blows  tk 
scutcher,  only  one  tweliUi  of  an  inch  of  cotton  wool  is  presented. 

The  fan  is  enclosed  in  a  cylindrical  case.  The  wings  or  vanes  revolve  from  120  lo 
150  times  in  the  minute ;  and  while  they  throw  the  air  out  with  nearly  this  velodtj 
at  their  iccentric  outlet  in  the  circumference^  they  cause  it  to  enter,  srith  equal  rt- 
locity,  at  the  centre.  With  this  centre  the  squirrel  cage  is  eonaected  1^  •  ^pe,  as  above 
4fg  tt^'L  stated.  The  sMUid  iiaments  of 

'  -  ^1  cotton  are  arretted  by  the 

sieve  sariace  of  the  cylindric  cage, 
and  nothing  bnt  the  broken  frag- 
ments and  the  light  dust  can  paa 
through. 

The  cotton  wool  in  the  blowinf 
machine  is  wafted  Vy  the  second 
scutcher  into  the  spaee  x,  «, «, 
provided  with  a  fine  grid  bottom; 
or  it  is  sometimes  wound  up  there 
by  rollers  into  a  lap. 

In  fig.  318  an  additional  venti- 
lator is  introduced  beneath  at  «, 
0,  0,  to  aid  the  action  of  tht 
scutchers  in  blowing  the  coltoa 
onwards  into  the  obbng  tnmxk 
a.  The  outlet  of  that  fan  is  it 
t  s  and  it  draws  in  the  air  at  its 
axis  q,  %  and  v  are  two  doon 
or  lids  for  removing  the  deaoed 
cotton  wool.  This  last  fan  is 
suppressed  in  many  blowing  ma- 
chines, as  the  scutching  arms 
supply  a  sufficient  stream  of  air. 
The  dotted  lines  show  how  tbe 
motion  is  transmitted  from  tbe 
first  mover  at  «,  to  the  variois 
parts  of  the  machine.  6'  6'  rep- 
resent the  bands  leading  to  the 
main  shaAing  of  the  mill.  A 
machine  of  this  kind  can  dess 
fully  600  pounds  of  short-stapled 
cotton  wool  in  a  day,  with  tbe 
superintendence  of  one  operatirei 
usually  a  yothig  woman,  to  dis- 
tribute the  cotton  upon  the  first 
feed  doth. 

The  second  Blowing  machise 
is  usually  called  a  lap  machise, 
because,  after  blowing  and  scouk- 
ing  the  cotton,  as  above  described, 
it  eventually  coils  the  fleece  upot 
a  wooden  roller  at  the  delivenig 
end  of  the  apparatus.  It  is  sfl■^ 
times,  also,  called  a  tpruidpi§ 
machtM.  A  section  of  it  is 
shown  in  fig,  319.  The  breadth 
of  this  machine  is  about  3  feet,  n 
the  lap  formed  is  prepared  ftr 
the  usual  breadth  of  the  breaker 
cards,  namdy,  3  feet.  Where  tbe 
cards  are  only  18  inches  bros^ 
the  lap  machine  is  also  made  oi 
the  same  breadth.  In  the  figure  we  see  the  feed-doth,  the  scotching  barrd,  tbe 
squirrd  suction,  and  spreading  cage,  and  the  rollers  for  coUing  up  the  lap.  IV 
lever  shown  below  is  for  removing  the  pressure  weight  from  the  axis  of  ths  Jv 
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when  a  fall  one  is  to  be  removed,  and  replaced  hj  an  empty  one.  m,  at  the  top, 
B  commencement  of  the  pipe  which  leads  to  the  suction  fan,  or  ventilator.  The 
ness  of  the  lap  in  this  machine  must  be  nicely  regulated,  as  it  determines,  in  ■ 
measnre,  the  grist  of  the  card-ends,  and  even  the  rovings.  In  12  hours  such  a  lap 
line  will  prepare  650  pounds  of  cotton. 

g,  320  is  the  first  scutching  machine,  now  never  seen  except  in  the  oldest  factories. 
I  the  feed  cloth ;  g  h  and  m  n  are  the  two  scutcher  frames. 


rdimg  is  the  next  operation  in  a  cotton  factory.  Cards  are  destined  to  disentangle 
■dividual  filaments  from  each  other,  and  to  lay  them  lengthwise,  instead  of  being 
ed  np  and  convoluted,  as  they  usually  are  in  leaving  the  blowing  and  lap 
ines.  Carding  consists  in  the  mutual  action  of  two  opposite  surfaces,  which  are 
ed  thick  with  oblique  angled  hooks.  The  wires  of  which  these  hooks  are  made  must 
ry  hard  drawn  in  order  to  render  them  stiff  and  elastic.  The  middle  part  of  the 
s  shows  one  of  the  staples  or  double  teeth,  the  structure  of  which  has  been  partly 
321  322 


hied  under  Card.  Suppose  a,  fig,  321,  to  be  a  piece  of  a  card  fillet,  and  6  to  be 
er  piece,  each  being  made  fast  with  pins  to  a  board ;  the  teeth  of  these  two  cards 
St  in  opposite  directions,  but  are  very  near  together,  and  parallel.  Now  suppose 
k  or  tuft  of  cotton  placed  between  two  such  bristling  surfaces.  Let  a  be  moved 
5  direction  of  its  arrow,  and  let  b  be  moved  in  the  opposite  direction,  or  even  let  it 
in  at  rest.  Every  filament  of  the  cotton  will  be  laid  hold  of  by  each  set  of  teeth, 
their  surfaces  are  thus  drawn  over  each  other ;  the  teeth  of  a  will  pull  them  in  a 
ltd  direction,  while  those  of  b  will  tend  to  retain  them,  or  to  pull  them  backwards, 
loops  or  doublings  will,  by  both  movements,  be  opened  or  drawn  out,  so  that  the 
I  will  be  converted  into  rows  of  parallel  filaments,  lying  alongside  or  before  each 
*.  Each  tooth  will  secure  to  itself  one  or  more  of  them,  and  by  the  friction  of  its 
,  as  well  as  the  hooks  of  its  points,  will  draw  them  to  their  utmost  elongation. 
If  h  one  stroke  of  the  opposite  cards  be  inadequate  to  produce  this  equable  arrange- 
,  yet  many  repeated  strokes  must  infallibly  accomplish  the  end  in  view,  of  laying 
tlires  parallel. 

1  OS  suppose  this  end  effected,  and  that  all  the  fibres  have  been  transferred  to  the 
a  transverse  stroke  of  6  will  draw  over  to  it  a  certain  number  of  them,  and  in- 
At  each  stroke  there  will  be  a  new  partition  between  the  two  cards,  with  increased 
Udism,  but  still  each  card  will  retain  a  great  deal  of  the  cotton.  To  make  one 
strip  another,  the  teeth  of  one  of  them  must  be  placed  in  a  reverse  position,  as 
m  in  fig,  322. 

m  be  now  drawn  in  the  direction  of  its  arrow  along  the  face  of  6,  it  will  inevitably 
^  oat  all,  or  almost  all,  the  filaments  from  it,  since  the  hooks  of  b  have,  in  this  po- 
Bi  no  power  of  retaining  them.  Even  the  doubled  fibres  or  loops  will  slip  over  the 
ag  pomt  of  6,  in  obedience  to  the  traction  of  a.  By  considering  these  two  relative 
l&ms  of  the  cards,  which  take  place  in  hand  cards,  simply  by  reversing  one  of  them 
imon  will  be  able  to  understand  the  play  of  a  cylinder  card  against  its  flat  top,  or 
■rt  another  cylinder  card,  the  respective  teeth  being  in  what  we  may  call  the  teasing 
Hon  of  fig,  321 ;  and  also  the  play  of  a  cylinder  card  against  the  doffer  cylinder, 

may  be  called  the  stripping  position  of  fig,  322. 
iOmAer  cards,  so  essential  to^  the  continuity  and  despatch  of  cotton  factory  labor, 
ethe  ingenious  invention  of  Lewis  Paul  of  Northampton,  but  were  greatly  improved 
bnroght  into  nearly  their  present  operative  state  by  Sir  Kichard  Arkwright*  A 

23 
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carding  engine  consists  of  one  or  more  cylindrny  covered  with  eard-leather  (sometimei 
called  card  clolh),  and  a  set  of  plane  surfaces  similarly  covered,  made  to  work  agtinit 
each  other,  but  so  that  their  points  do  not  come  into  absolute  conUct.  Some  cards 
consist  entirely  of  cylinders,  the  central  main  cylinder  being  surrounded  by  a  series  of 
smaller  ones  called  urchins  or  squirrels.  These  are  used  solely  for  preparing  the  coaner 
stapled  cotton,  and  sheep's  wool  for  the  wool  spinner. 

Fig.  323  represents  a  card  of  excellent  construction,  which  may  be  called  a  brrdb' 
and  Jiniiher,  as  it  is  capable  of  working  up  the  fleece  roll  of  the  iapi|>ing  machine  di- 
rectly into  a  canl-enJ  or  riband  fit  for  the  drawing  machine.  In  fine  spinning  mills 
there  are  always,  however,  two  cards  j  one  coarser,  called  a  breaka^  which  lums  off 


the  cotton  in  a  broad  fleece  of  extreme  thinness,  which  is  lapped  round  a  cylinder; 
and  cunstltutcs  the  material  presented  to  the  finisher  card,  which  has  teeth  of  a  finff 
construction. 

a  is  one  of  the  two  upright  slots,  which  are  fixed  at  each  side  of  the  engine  for  re- 
ceiving; thcimn  i:ud:;enns  oC  the  wooden  cylinders  round  which  the  fleece  of  the  lapplB? 
machine  is  rolled.  The  circumference  of  this  coil  rests  upon  a  roller  ft,  which  is  mide  m 
turn  slowly  in  such  n  direction  as  to  aid  the  unfolding  of  the  lap  by  the  flulefl  cyhnders 
e.  The  lap  proceeds  along  the  table  seen  beneath  the  letter  r,  in  its  prosrress  to  thcfluleJ 
rollei-,  which  are  an  inch  ami  one  sixth  in  diameter,  and  have  28  flutinss  in  their  cir- 
cumfeienco.  g  is  a  weight  which  hanjrs  upon  the  axis  of  the  upper  roller,  and  can<es 
it  to  jne'-'S  upon  the  nn>ler  one:  /  is  the  main  card  drum;  K  g  g,  the  arch  formed  by 
the  Hat  top  cards;  A,  the  s:nall  card  cylinder  for  stripping  off  the  cotton,  and  therefore 
called  the  dotlVr,  as  wc  have  said ;  z,  the  dofTer-knife  or  comb  for  stripping  the  fleecy 
web  from  the  doller;  klq  m,  the  lever  mechanism  fur  moving  the«e  parts.  At  d  there  is 
a  door  fur  permiltimr  the  tenter  to  have  access  to  the  interior  of  the  engine,  and  torfr 
move  whatever  dirt,  Sec.  may  happen  to  fall  into  it.  In  Jig.  3*24  we  see  the  manner  of  fil- 
ing the  flat  top«i  g  g  over  ihc  drum ;  and  for  makin?  the  matter  clearer,  three  of  the  topf 
arc  removed.  Upon  the  arche<l  cast-iron  side  of  the  frame,  a  row  of  strong  iron  pinslfc 
are  maile  fast  in  the  middle  line ;  and  each  top  piece  has,  at  each  of  its  ends,  a  hole, 
which  lii5  down  upon  two  such  opposite  pins.  /  /  are  screws  whose  heads  serve  as 
supjKjrts  to  the  tops,  by  coming  into  contact  with  the  bottom  of  the  holes,  which  arenoi 
of  course  bored  throunh  the  wood  of  the  tops.  By  turning  the  heads  of  these  screws  i 
little  the  one  way  or  the  other,  the  pins  may  be  lengthened  or  shortened  in  any  degree, 
so  as  to  set  the  tops  very  truly  in  adjustment  with  the  drum  teeth  revolving  beneath 
them,  h'  is  the  small  runner  or  urchin,  and  i'  the  large  runner ;  both  of  which  are 
spirally  covered  from  end  to  end  with  narrow  card  fillets  in  the  same  manner  as  the 
doffer.  The  main  dnim  is  on  the  contrary  covered  with  card  cloth,  in  strips  laid  on 
parallel  to  its  axis,  with  interjacent  parallel  smooth  leather  borders.  The  teeth  of  these 
several  cards  are  set  as  represented  in  the  fissure,  and  their  cylinders  revolve  as  the  arrows 
indicate.  The  runners  as  well  as  the  doffer  cylinder  may  be  set  nearer  to  or  farther 
from  the  drum  /;  but  the  screws  intended  for  this  adjustment  are  omitted  in  the  draw- 
ings, to  avoid  confusion  of  the  lines. 

The  card-end  or  fleece  taken  off  the  doffer  h  by  the  crank  and  comb  mechanism 
passes  through  the  tin  plate  or  brass  funnel  n,fig.  323,  whereby  it  is  hemmed  in  ^ 
contracted  into  a  riband,  which  is  then  passed  through  between  a  pair  of  drawing  roll- 
ers 0.  It  is  next  received  by  the  rollers  u  r,  which  carry  it  off  with  equable  velocity, 
and  let  it  fall  into  the  tin  cans  placed  below,  or  conduct  it  over  a  friction  pulley,  to  ^ 
wound  along  with  many  other  card-ends  upon  a  lap  roller  or  large  bobbin.  The  la"^ 
mecliaaism  is  not  shown  in  this  figure.   A  sloping  curved  tin  or  brass  plate,  channelled'" 
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ridged  alon.s(  its  surface,  conducts  the  card  ribands  separately ;  there  are  two  smootli 
iron  rollers  for  condensing  the  several  ribands,  and  a  wooden  pin  round  which  the  ribands 
are  lapped,  resting  between  two  leather-covered  roUers,  one  of  which  receives  motion 


from  mill  gearing,  and  imparts  it  by  friction  to  the  lap  roller  offer  it.  The  iron  ends  of 
the  lap  roller  lie  in  upright  slots,  which  allow  them  freedom  to  rise  as  the  roller  gets 
fiUed  with  fleece. 

The  two  pairs  of  rollers  at  o  effect  the  extension  of  the  card-end,  and  reduce  its  size. 
The  under  rollers  are  made  of  iron  and  fluted ;  the  upper  ones  are  also  made  of  iron, 
but  they  are  covered  with  a  coat  of  leather,  nicely  glued  on  over  a  coat  of  flannel,  which 
two  coats  render  them  both  smooth  and  elastic.  Two  weights,  w,  press  the  upper  cylin- 
ders steadily  down  upon  the  under  ones.  Between  the  first  and  second  pair  there  is  a 
certain  interval,  which  should  be  proportioned  to  the  length  of  the  cotton  staple.  The 
second,  or  that  furthest  from  the  funnel,  revolves  with  greater  velocity  than  the  first,  and 
therefore  turns  out  a  greater  length  of  riband  than  it  receives  from  its  fellow ;  the  con- 
sequence is  a  corresponding  extension  of  the  riband  in  the  interval  between  the  two  pairs 
of  rollers. 

The  motions  of  the  several  parts  of  the  engine  are  effected  in  the  following  way.  The 
band,  p  p,  fig.  324,  which  comes  down  from  the  pulley  upon  the  main  shaA  near  the  ceiling 
of  the  work-room,  drives,  by  means  of  the  pulley  q,  the  drum  ftfig'  323,  with  a  velocity 
of  from  120  to  140  revolutions  in  a  minute.  From  another  pulley  r,  on  the  axis  of  the 
drum,  the  axis  of  /  is  driven  hy  the  band  t  working  round  the  pulley  t  on  its  end.  This 
shaft  drives  the  crank  and  lever  mechanism  of  the  stripper  knife  t.  A  third  pulley  of  the 
same  size  as  r  is  fixed  just  within  the  frame  to  the  other  end  of  the  drum,  and  from  it  a 
crossed  or  close  band  r'  goes  to  a  pulley  upon  the  small  runner  h',  to  give  this  its  rapid 
rotation.  Upon  ihc  opposite  end  of  the  engine  in  yig.  323,  these  wheels  and  pulleys 
are  marked  with  dotted  lines.  Here  we  may  observe,  first,  a  pulley  y  upon  the  drum,  and 
a  pulley  a',  which  receives  motion  from  it  by  means  of  the  band  z.  The  axis  of  a' 
carries  in  front  a  pinion  m\  which  sets  in  motion  the  wheel  n\  The  latter  imparts  mo- 
tion, by  means  of  a  pinion  and  intermediate  wheel  o',  to  the  wheel  h  on  the  doffer 
cylinder,  and  consequently  to  that  cylinder  on  the  one  hand ;  and  it  turns,  by  the  carrier 
wheel  p',  a  wheel  x,  whose  axis  is  marked  also  with  x  in  fig,  323,  upon  the  other 
Aand.  The  axirf  of  x',fig.  323,  carries,  towards  the  middle  of  the  engine,  a  very  broad 
wheel,  which  is  represented  by  a  small  dotted  circle.  The  toothed  wheel  v  of  the  smooth 
roller  Vffig.  323,  and  the  two  toothed  wheels  o  o,  fig.  324,  of  the  under  rollers  o  o,  fig. 
323,  work  into  that  broad  wheel.  The  wheel  of  the  second  or  delivery  fluted  roller  is 
peen  to  be  smaller  than  that  of  the  first,  by  which  means  the  diflerence  of  their  velocities 
Is  obtained.  The  large  runner  t  is  driven  from  the  main  drum  pulley,  by  means  of  the 
band  f',  and  the  pulley  fig.  323.  The  said  band  is  crossed  twice,  and  is  kept  in  ten- 
sion by  the  pulley  i',  round  which  it  passes.  The  motion  of  the  fluted  rollers  e,  which 
feed  in  the  cotton  fleece,  is  effected  by  means  of  a  bevel  wheel  6'  on  the  end  of  the  doff*er, 
which  worics  into  a  similar  wheel  c'  on  the  oblique  axis  d'  (dotted  lines  across  the  drum), 
of  the  pinion  e'  upon  the  lower  end  of  the  same  axis  which  turns  the  wheel  upon  the 
ander  feed  roller. 

Each  of  the  feed  roller?, 324,  bears  a  pinion  e  e  at  one  end,  so  that  the  upper  roller 
tnms  round  with  the  imJ  jr  uue.   The  roller  b,fig.  323,  is  set  in  motion  by  means  of 
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its  wheel  f  which  is  driven  by  a  wheel  v'  on  the  other  end  of  the  under  feed  raOcr, 
through  the  intenrention  of  the  large  carrier  wheel  w'.  The  original  or  first  motioB  of 
b  most  be  as  quick  as  that  of  the  fluted  feed  rollers  e,  in  order  that  the  fonner  may  uaooil 
as  much  lap  as  the  latter  can  pass  on. 

The  annexed  table  exhibits  the  proper  Telocities  of  the  4jfferent  cylinders  and  rdkrs 
of  the  carding  engine,  which,  however,  are  not  invariable,  but  may  be  nwlified  according 
to  circumstances,  by  changing  the  pinions  e'yjig,  323,  and  10',  according  to  the  quality  or 
length  of  the  cotton  staple.  The  velocities  stated  in  the  table  will  he  obtained  when  the 
pulley  a',  fig,  323,  is  made  greater  than  y  in  the  proportion  of  3  to  M/mod  the  wheels 
and  pinions  have  the  following  number  of  teeth  :  m',  18;  a',  50{  its  pinion,  18;  A,  128; 
z,  24 ;  the  broad  wheel  upon  the  shaft  of  x,  37  teeth ;  the  wheel  0  of  to  Mmt  fluted 
roller,  35;  that  of  the  second,  21 ;  v,  44 ;  6'  and     54  ;  e",  10 ;      63.  • 


Namw  of  Um  ptm. 

 •  

DuuMtar  ia 
iackm. 

Circnmlsnaet 
im  iaehm. 

RtTolotioM  in 

V«locit>. 

35 

109-9 

130 

142-87 

Bofferh  .... 

14 

43-96 

4-38 

192-5 

Runner  or  urchin  - 

6*25 

19*62 

5- 

98-1 

Ditto  /P      -      -      -  - 

8-5 

11* 

470- 

5170- 

Fluted  feed  roller  €  *•     -t  - 

M67 

m64 

0-696 

2-55 

First  drawing  roller  0  - 

1- 

%-14 

68-71 

215-75 

Second  ditto    -      -      -  - 

M67 

3-664 

114^2 

419-6 

Smooth  delivery  roller  v 

2-5 

7*85 

54-66 

429-08 

The  operation  of  the  runners,  h'  and  f,  becomes  very  plain  on  comparing  their  speed 
with  one  another  and  with  that  of  the  main-drum,  and  taking  into  account  the  ({irectios 
of  the  card  teeth.  The  cotton  wool,  taken  ofi*  from  the  feed-rollers  by  the  drum,  is 
caught  by  the  opposite  teeth  of  the  large  runner  t',  which,  on  account  of  its  slower  sur- 
face rotation  (98  inches  per  minute),  may  be  considered  to  be  at  rest  with  reference  to  the 
drum,  and  therefore,  by  holding  the  cotton  in  its  teeth,  will  commence  its  carding.  The 
small  runner  h',  in  consequence  of  its  greater  surface  velocity  (5170  inches  per  minute), 
will  comb  the  cotton-wool  back  out  of  the  teeth  of  the  large  runner,  but  it  will  give  it 
up  in  its  turn  to  the  swiAer  teeth  of  the  drum,  which,  in  carrying  it  forwards,  encoun- 
ters the  teeth  of  the  top  cards,  and  delivers  up  the  filaments  to  their  keeping  for  some 
time.  Wc  thus  see  how  essential  the  runners  are  to  the  perfection  as  well  as  to  the  ac- 
celcrntion  of  the  carding  procfss  for  ordinar}'  cotton  wool,  though  for  the  slenderer  and 
lonper  filaments  of  the  sea-island  kind  they  are  not  so  well  adapted.  In  cleaning  the 
canling-engines  the  Utile  runner  must  be  looked  to  every  time  that  the  drum  is  examined. 
The  large  runner  and  the  doffer  require  to  be  cleaned  together.  The  quantity  of  cotton 
spread  upon  the  feed-cloth,  the  velocity  of  it,  and  of  the  drawing-rollers,  must  all  be 
carefully  adjusted  to  the  grist  of  the  yam  intended  to  be  spun. 

Suppose  the  sizes  and  velocities  to  be  as  represented  in  the  preceding  table,  that  the 
engine  is  a  double  card  36  inches  broad,  and  that  it  is  furnished  with  a  lap  from  the  lap- 
machine  of  which  30  feet  in  length  weigh  5  lbs.  In  one  minute  the  surface  of  the  feed- 
rollers,  c,  passes  2-55  inches  of  that  lap  onwards;  in  the  same  time  the  main-drum  will 
work  it  oft'..  To  card  the  whole  30  feet,  therefore,  141  minutes,  or  2  hours  and  21  minutes 
will  be  required.  In  this  time  the  circumference  of  the  rollers,  u  r,  moves  throueh  t 
space  of  Ml  X  42,908  in.  —  5042  ft.,  and  delivers  a  card-end  of  that  length,  weighing 
5  lbs.,  minus  6  per  cent.  fdT  waste,  that  is,  4  lbs.  1 H  oz.  One  pound  will  form  a  riband 
1072  feet  Ion?,  beine,  according  to  the  English  mode  of  counting,  about  number  J,  or 
0*357.  The  extension  of  the  cotton-fleece  to  this  degree  proceeds  as  follows : — In  the 
141  minutes  which  the  feed-rollers  take  to  introduce  the  30  feet  of  lap,  the  dolfer,  A, 
makes  617*58  revolutions,  and  the  comb,  or  doffer  knife,  t,  detaches  from  the  dofler  teeth 
a  thin  fleecy  web  of  2262  feet  in  length.   The  first  drawing  pair  of  fluted  roUen, 


by  its  quick  motion,  with  the  aid  of  the  fannd, 
m,  converts  this  fleece  into  a  riband  2535  feet 
long.  The  second  pair  of  the  fluted  rollers  a- 
tends  this  riband  to  4390  feet,  since  their  sur- 
face velocity  is  greater  than  the  flrst  pair  in  thst 
proportion.  The  slight  elongation  (of  only  112 
feet,  or  about  )  which  takes  place  betwees 
the  delivery  fluted  rollers  and  the  smoetk  eylil- 
ders,  V,  «,  serves  merely  to  keep  the  caidkid 
steadily  upon  the  stretch  without  ibkiiag.  Fif» 
325  is  a  plan  of  the  card  and  the  fleece^  where  h 
is  the  cylinder,  n  is  the  funnel,  «  the  ftcssog 
rollers,  and  h'  the  card-ends  in  the  can. 
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FigB.  326,  327,  represent  skeletons  of  the  old  eards  to  facflitate  the  comprehenuon  of 
iliese  complex  machines.  Fig.  326  is  a  plan ;  f  is  the  main  druin ;  m  m  is  the  doffer 

327 


knife  or  comb ;  g  the  carded  fleece  hemmed  in  by  the  funnel  a,  pressed  between  the  roU^ 
ers  6,  and  then  falling  in  narrow  into  its  can.  Fig.  327,  k  it^are  the  feed  rollers ; 
4  B  the  card  dram ;  c  d  the  tops ;  j^f  the  doffer  card ;  m  n  <&e  doner  knife ;  d,  b,  r,  the 
card-end  passing  between  compressing  rollers  into  the  can  a. 

Tk€  drawing  and  doubling  are  the  next  operation.  The  ends,  as  they  come  from  th« 
cuds,  are  exceedingly  tender  and  loose,  bat  the  filaments  of  the  cotton  are  not  as  yet  laid 
so  paralld  with  each  other  as  they  need  to  be  for  machine  spinning.  Before  any  degree 
of  torsion  therefore  be  communicated,  a  previous  process  is  required  to  give  the  filaments 
a  level  arrangement  in  the  ribands.  .  .The  drawing  out  and  doubling  accomplish  this  pur- 
pose, and  in  a  manner  equally  simple  and  certain.  The  means  employed  are  drawing- 
rollers,  whose  construction  must  here  be  fully  explained,  as  it  is  employed  in  all  the  fbl- 
lowing  machines ;  one  example  of  their  use  occurred,  indeed,  in  treating  of  the  cards. 
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Let  a  and  b,  Jig.  328,  represent  the  section  of  two  rollers  lying 
over  each  other,  which  touch  with  a  regulated  pressure,  and  turn  in 
contact  upon  their  axes,  in  the  direction  shown  by  the  arrows. 
These  rollers  will  lay  hold  of  the  fleecy  riband  presented  to  them  at 
a,  draw  it  through  between  them,  and  deliver  it  quite  unchanged. 
The  length  of  the  piece  passed  through  in  a  given  time  will  be 
equal  to  the  space  which  a  point  upon  the  circumference  of  the 
roller  would  have  percured  .in  the  same  time ;  that  is,  equal  to  the 
periphery  of  one  of  the  rollers  multiplied  by  the  number  of  its  en* 
tire  revolutions.  The  same  thing  holds  with  regard  to  the  trans- 
miftsion  of  the  riband  through  between  a  second  pair  of  rollers, 
e,  dj  and  a  third,  «,/.  Thus  the  said  riband  issues  from  the  third  pair  exactly  the  same 
«s  it  entered  at  a,  provided  the  surface  speed  of  all  the  rollers  be  the  same.  But  if  the 
svrface  speed  of  c  and  d  be  greater  than  that  of  a  and  6,  then  the  first-named  pair  will 
^diver  a  greater  length  of  riband  than  the  last  receives  and  transmits  to  it.  The  conse- 
qoeiiee  can  be  nothing  else  in  these  circumstances  than  a  regulated  drawing  or  elonga- 
lioa  of  the  riband  in  the  interval  betwixt  a,  6,  and  c,  d,  and  a  condtosation  of  the  filap 
MBts  as  they  glide  over  each  other,  to  assume  a  straight  parallel  direction.  In  like 
Uftiiner  the  drawing  may  be  repeated  by  giving  the  rollers,  e,/;  a  greater  surface  speed 
Iksn  that  of  the  rollers,  c  and  d.  This  increase  of  velocity  may  be  produced,  either  by 
enlarging  the  diameter,  or  by  increasing  the  number  of  turns  in  the  same  time,  or 
flsally  by  both  methods  conjoined.  In  general  the  drawing-machine  is  so  adjusted,  that 
tke  tidef  elongation  takes  place  between  the  second  and  third  pair  of  rollers,  while  that 
between  the  first  and  second  is  but  slight  and  preparatory.  It  is  obvious,  besides,  that 
the'  ipeed  of  the  middle  pair  of  rollers  can  have  no  influence  upon  the  amount  of  the 
eKteasion,  provided  the  speed  of  the  first  and  third  pair  remams  unchanged.  The  roll- 
ers, a,  ft,  and  c,  d,  maintain  towards  each  other  continually  the  same  position,  but  they 
■ay  be  removed  with  their  frame-work,  more  or  less,  fltim  the  third  pair,  «,/,  according 
m  tbe  length  of  the  cotton  staple  may  require.  The  distance  of  the  middle  point  flrom 
ft  mad  d,  or  its  line  of  contact  with  the  upper  roller,  is,  once  for  all,  so  calculated,  that  it 
■hd  exceed  the  length  of  the  cotton  filaments,  and  thereby  that  these  filaments  are  never 
ii  duiger  of  being  torn  asunder  by  the  second  pair  pulling  them  while  the  first  holds 
llwai  fast.  Between  d  and/,  where  the  greatest  extension  takes  place,  the  distance  must 
be  ts  small  as  it  can  be  without  risk  of  tearing  them  in  that  way ;  for  thus  will  the  uni- 
ftoii^  of  the  drawing  be  promoted.  If  the  distance  between  d  and  /  be  very  great,  a 
iftsad  passing  through  will  become  thinner,  or  perhaps  break  in  the  middle ;  wheA«>e  we 
■eediat  the  drawing  is  more  equable,  the  shorter  is  the  portion  submitted  to  extension  at 
*  time,  and  the  nearer  the  rollers  are  to  each  other,  supposing  them  always  diitaBl 
<>osgli  not  to  tear  the  staple. 
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The  under  rollers,  b  df,  are  made  of  iron,  and,  to  enable  them  to  lay  finzter  bold  of  the 
filaments,  their  surfaces  are  fluted  with  triangular  channels  parallel  to  their  axes.  The 
upper  rollers,  ace,  are  also  made  of  iron,  but  they  are  smooth,  and  corered  with  a  dou- 
ble coaling,  which  gives  them  a  certain  degree  of  soAness  and  elasticity.  A  coat  of 
flannel  is  first  applied  by  sewing  or  glueing  the  ends,  and  then  a  coat  of  leather  in  the 
same  way.  The  junction  cdses  of  the  leather  are  cut  slanting,  so  that  when  joined  by 
the  glue  (made  of  isinglass  dissolved  in  ale)  the  surface  of  the  roUer  may  be  smoothly 
cylindrical.  The  top  rollers  are  sometimes  called  the  prttsers,  because  they  press  1^ 
means  of  weights  upon  the  under  ones.  These  weights  are  suspended  to  the  flight  rods 
kk' ;  of  which  the  former  operates  on  the  roller  e  alone,  the  latter  on  the  two  rollen 
a  and  e  together.  For  this  purpose  the  former  is  hung  to  a  c  shaped  ciirTe  t,  whose 
upper  hook  embraces  the  roller  e ;  the  latter  to  a  brass  saddle  h,  which  rests  upon  a  and 
c,  A  bar  of  hard  wood,  g,  whose  under  surface  is  covered  with  flannel,  rests,  wiA 
merely  its  own  weight,  upon  the  top  rollers,  and  strips  ofl*  all  tiie  loose  hanging  filaments. 
Similar  bars  with  the  same  view  arc  made  to  bear  up  under  the  fluted  rollers  b  d  f,  and 
press  against  them  by  a  weight  actini?  through  a  cord  passing  over  a  pulley.  Instead 
of  the  upper  dust-covers,  light  wooden  rollers  covered  with  flannel  are  oceasionaDy 
applied. 

Were  the  drawing  of  a  riband  continued  till  all  its  fibrjrs  acquired  the  desired  degree 
tf  parallelism,  it  would  be  apt,  from  excessive  atte^|||^tion,  to  tear  across,  and  thereby 
to  .defeat  the  purpose  of  the  spinner.  This  dilemma  is  got  rid  of  in  a  very  simple  way, 
namely,  by  laying  several  ribands  together  at  every  repetition  of  the  process,  and  ineor- 
porating  them  by  the  pressure  of  the  rollers.  This  practice  is  caUed  doubling.  It  is  tn 
exact  imitation  of  what  takes  place  when  we  draw  a  tufl  of  cotton  wool  between  our 
fingers  and  thumb  in  order  to  ascertain  the  length  of  the  staple,  and  replace  the  dravn 
filaments  over  each  other,  and  thus  draw  them  forth  again  and  again,  till  they  are  all 
parallel  and  of  nearly  equal  length.  The  doubling  has  another  advantage,  that  of  causinf 
the  inequalities  of  thickness  in  the  ribands  to  disappear,  by  applying  their  thicker  to  their 
thinner  portions,  and  thereby  producing  uniformity  of  substance. 


The  drawing  frame,  as  shown  in  section  in  Jigs.  328,  330,  and  in  a  back  view  in  Jig' 
329,  will  require,  after  the  above  details,  little  further  explanation.  /  /  are  the  weights 
which  press  down  the  top  rollers  upon  the  under  ones,  by  means  of  the  rods  k  k'  and  hook 
1.  Each  fluted  roller  is,  ns  shown  nif^fig.  329,  provided  in  the  middle  of  its  length  with 
a  thinner  smooth  part  called  the  neck,  whereby  it  is  really  divided  into  two  fluted  portions, 
represented  by  f  c  in  the  fisrure.  Upon  this  middle  neck  in  the  pressure  rollers,  the  hook 
t  and  the  saddle  h  immediately  bear,  as  shown  in  the  former  fig.  328.  The  card-ends,  to 
the  number  probably  of  six,  are  introduced  to  the  drawing  frame  either  from  tin  cans, 
placed  at  e  e,fig.  330,  and  at  a, fig.  329,  or  from  lap-bobbins ;  and,  after  passing  thronsrhit, 
the  ribands  or  slivers  are  received  either  into  similar  tin  cans,  as  g,  or  upon  other  lap- 
bobbins  upon  the  other  side.  These  appendages  may  be  readily  conceived,  and  are  therefore 
not  exhibited  in  all  the  drawings.  Three  of  the  slivers  being  laid  together  are  again  intro- 
duced to  the  one  fluted  portion  a  b,fig.  328,  and  three  other  slivers  to  the  other  portion. 
The  sloping  curved  tin  or  brass  plate  5,  fig.  329,  with  its  guide  pins  /,  serves  to  conduct 
the  slivers  to  the  rollers.  When  the  two  threefold  slivers  have  passed  through  between  the 
three  pairs  of  rollers,  and  been  thereby  properly  drawn,  they  run  towards  each  other  in  an 
oblique  direction,  behind  the  last  roller  pair  e  ft  fig,  328,  and  unite,  on  issuing  through  the 
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conical  funnel  m,fig,  329,  into  a  single  riband  or  spongy  sliver;  which  is  immediate!} 
carried  oir  with  equable  velocity  by  two  smooth  cast-iron  rollers,  n  o,Jig»,  329  and  330, 
and  either  dropped  into  a  can,  or  wound  upon  a  large  bobbin.  The  surface  speed  of 
these  rollers  is  made  a  trifle  greater  than  that  of  the  delivery  drawing  rollers,  in  order  to 
keep  the  portion  of  sliver  between  them  always  in  an  extended  slate.  Four  fluted  draw- 
ing portions  are  usually  mounted  in  one  drawing  frame,  which  are  set  a-goins;  or  at  rest 
together.  To  save  aU  unnecessary  carrying  of  the  cans  from  the  back  to  the  front  of 
the  frame,  the  drawing  heads  are  so  placed,  that  the  first  and  third  discharge  their  slivers 
at  the  one  side,  and  tiie  second  and  fourth  at  the  other.  By  this  arrangement,  the  cans 
fiUed  behind  one  head,  are  directly  pushed  aside  in  front  of  the  next  drawing  head;  by 
which  alternate  distribution  the  work  goes  on  without  interrupiioti. 

The  /cut  pulley  «,^g.  330,  by  which  the  whole  machine  is  driven,  derives  its  motion 
from  the  main  shaft  of  the  mill  by  means  of  the  band  tr.  The  similar  pulley  t,  which 
sits  loose  upon  the  axis,  and  turns  independently  of  it,  is  called  the  loose  pulley ;  both 
together  being  technically  styled  riggen.  When  the  operative  desires  to  stop  the  ma- 
chine, he  transfers  the  band  from  the  fast  to  the  loose  pulley  by  means  of  a  lever,  bearing 
a  fork  at  its  end,  which  embraces  the  band.  Upon  y,  four  pulleys  such  as  are  fixed, 
each  of  which  sets  in  motion  a  drawing  head,  by  means  of  a  band  like  v>  going  round 
the  pulleys  x  and  «.  On  account  of  the  inverted  position  of  the  heads,  which  requires 
the  motion  of  u  to  be  inverted,  the  bands  of  the  first  and  third  heads  are  open,  but  those 
of  the  second  and  fourth  are  crossV  Every  head  is  provided  with  a  loose  pulley  r,  as  well 
as  the  fast  pulley  u,  in  order  to  make  the  one  stop  or  move  without  aflfetting  the  others. 
The  shaft  oif  the  pulley  u  is  the  prolonged  shaft  of  the  backmost  fluted  roller  /.  It  car- 
ries besides  a  small  pulley  q,  which,  by  means  of  the  band  r,  and  the  pulley  p,fig»  329, 
sets  in  motion  the  undermost  condensing  roller  o.  The  upper  roller  n  presses  with  its 
whole  weight  upon  it,  and  therefore  turns  by  friction.  The  toothed  wheel-work,  by 
which  the  motions  are  communicated  from  the  backmost  fluted  roller  to  the  middle  and 
front  ones,  is  seen  in  Jig,  330. 

The  wheel  328>  of  20  teeth,  works  in  a  44-toothed  carrier-wheel,  on  whose 

axis  there  are  two  smaller  wheels ;  2  with  26  teeth,  and  1  with  22  teeth.  The  wheel  d, 
fig,  330  of  the  middle  roller,  and  the  wheel  b  of  the  front  roller,  are  set  in  motion  by  other 
carrier  wheels ;  the  first  has  27  teeth,  and  the  last  40.  For  every  revolution  of  b,  the 
roller  d  makes  nearly  If  turns,  and  the  roller  /  4  revolutions.  The  top  rollers  revolve, 
as  we  have  stated,  simply  by  the  friction  of  contact  with  the  lower  ones.  Now  suppose 
the  diameter  of  the  rollers  b  and  d  to  be  1  inch  or  12  lines,  that  of  /  inches  or  15 
lines,  the  surface  velocities  of  the  three  pairs  of  rollers  in  the  series  will  be  as  1,  If,  and 
5.  Every  inch  of  the  cotton  sliver  will  be  therefore  extended  between  the  first  and  second 
pairs  of  rollers  into  If  inches,  and  between  the  second  and  third  or  delivery  pair  into  5 
inches ;  and  after  the  sliver  has  passed  through  all  the  four  drawing  heads,  its  length 
will  be  increased  625  times  =  5X5X6X5. 

The  further  the  drawing  process  is  pushed,  the  more  perfectly  will  its  object  be  ac- 
complished, namely,  the  parallelism  of  the  filaments.  The  fineness  of  the  appearance 
of  the  sliver  after  the  last  draught  depends  upon  the  number  of  doublings  conjointly 
with  the  original  fineness  and  number  of  drawings.  The  degree  of  extension  may  be 
increased  or  diminished,  by  changing  the  wheels  in  Jig,  330,  for  others  with  a  diflferent 
number  of  teeth.  Thus  the  grist  or  fineness  of  the  sliver  may  be  modified  in  any  desired 
degree ;  for,  when  the  subsequent  processes  of  the  mill  remain  the  same,  the  finer  the 
drawings  the  finer  will  be  the  yarn.  For  spinning  coarse  numbers  or  low  counts,  for 
example,  six  card-ends  are  usually  transmitted  through  the  first  drawing  head,  and  con- 
Terted  into  one  riband.  Six  such  ribands  again  form  one  in  the  second  draught ;  six  of 
these  again  go  together  into  the  third  sliver ;  and  this  sliver  passes  five-fold  through  the 
last  draught.  By  this  combination  1080  of  the  original  card-ends  are  united  in  the 
finished  drawn  sliver  =6  X  6  X  6  X  5.  The  fineness  of  the  sliver  is,  however,  in  conse- 
quence of  these  doublings,  not  increased,  but  rather  diminished.  For,  by  the  drawing, 
the  card-end  has  been  made  625  times  loncer,  and  so  much  smaller ;  by  the  doubling 
•k>ne  it  would  have  become  1080  times  thicker;  therefore,  the  original  grist  is  to  the 
present  as  1  to  the  fraction  ;  that  is,  supposing  1072  feet  of  the  riband  delivered 
by  the  card  to  weigh  one  pouna,  625  feet,  the  sliver  of  the  last  drawing,  will  also  weigh 
a  pound,  which  corresponds  in  fineness  to  number  0*24,  or  nearly  |. 

The  rearmost  or  last  drawing  roller  has  a  circumference  of  nearly  4  inches,  and  makes 
about  150  revolutions  per  minute ;  hence,  each  of  these  drawing  heads  may  turn  off 
35^000  feet  of  sliver  in  12  hours. 

Some  manufacturers  have  lately  introduced  a  double  roller  beam,  and  a  double  draught 
It  the  same  doubling,  into  their  drawing  frames.  I  have  seen  this  contrivance  working 
aatisfactorily  in  mills  where  low  counts  were  spun,  and  where  the  tube  roving  frame  was 
employed ;  but  I  was  informed  by  competent  judges,  that  it  was  not  advisable  where  a 
lerel  yam  was  required  for  good  printing  calicoes. 
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The  ktt  whkk  the  cotton  waSStn  is  the  drnwing  firuie  b  qtHe  iMOondanUe.  U 
CQBNitt  of  UuMe  fikaenu  whieh  ranein  apoa  Uw  dmwiif  mlkny  tad  tdOeet,  k  t 
gmt  moMure,  upon  the  AtmmA  Aeinf  of  the  top  od  hoCtom  ffte— '  hMC  R  ii  throwi 
amoBg  the  top  deuungt  of  the  cenUeg  engme.  Whem  fioei  mmt  defttt  lil  the  raUen^ 
or  negligence  in  piecing  the  mnning  tUven»  rennriwhly  fnegnlnr  ^^ortkn  oeeer 
in  the  ribands,  these  most  be  torn  off,  and  letuned  to  the  kp  wmASm  to  be  esakl 
anew. 

The  fiAh  openuioo  mny  be  caUed  the  JlrH  ipfaaf^g  mmem,  aa  in  ll  the  eoCtiNi  diver 
leceives  a  twist ;  whether  the  twist  be  permanent,  as  is  the  bobbin  and  fly  tkmrne,  or  fas 
uidonB  inunediatdy,  as  in  the  tube-roriaf  machine.  In  ftwt,  the  thmgated  riiven  of 
paiallel  filamento  couhl  bear  little  ftether  extension  vithont  bnaidng  aanndar,  nnlea  the 
pieeantion  were  taken  to  condense  the  filaments  hf  n  slight  eonvola&ony  asfl  af  sane 
time  to  entwiae  them  together.  The  twisda^  should  positMsr  go  wo  farther  thaa  to 
fUfil  the  porpose  of  giviag  eohesion,  otherwise  it  woald  place  an  obstnde  in  the  way  of 
the  fntnre  attenuation  into  lerd  thread.  The  eomblaation  of  dnvmg  a*d  twiUfag  ii 
what  mainly  characterises  Qie  spinning  processes,  nnd  with  this  fifth  operstinn,  thcrcAfCb 
eoBimences  the  formation  of  yam.  Am,  however,  a  sadden  esteMta  to  the  wishcd4br 
fineness  is  not  practicable,  the  draoght  is  thrice  rqieated  in  machine  spinning  and  sAsi 
each  draught  a  new  portion  of  torsion  is  given  to  the  yam,  till  at  last  it  possesses  the 
demnee  of  fineness  and  twiit  proportioned  to  its  use. 

The  preliminary  spisninf  pocess  is  caUed  ming.  *  At  first  the  tcffsiQa  ii  slight  h 
proportion  to  the  eitension,  smce  the  solidity  of  the  still  coarse  divtr  needs  that  ewesivf 

aid  only  in  n  small  degree^  and  ieoscacsi 
of  texture  mast  be  ssaintained  to  fecilitats 
to  the  utBMst  the  fhrther  doagatkm 

Fig.m  is  a  section  of  the  can  romi^ 
ftame,  the  ingeaions  invention  of  AA 
Wright,  which,  till  within  theoe  14  yesnk 
was  the  prbdpal  machine  ftreaaanni 
catiag  the  incipient  torsion  to  the  spongi 
cord  lUmished  by  the  drawing  heads,  h 
differs  firom  that  frame  in  nothing  bat 
the  twisting  meehaniHn;  nnd  eonsists  d 
two  pairs  of  drawii^  roDeiB^  •  and  be 
tween  which  the  sliver  is  extended  in  tk 
usual  way ;  e  are  brushes  for  cleaning  thf 
rollers ;  and  d  is  the  weight  which  pressei 
the  upper  set  upon  the  lower.   The  wipisi 
covers  (not  shown  here)  rest  upon  a  h. 
The  surface  speed  of  the  posterior  or  seoonf 
pair  of  rollers  is  3,  4,  or  5  times  great« 
than  that  of  the  front  or  receiving  pabf 
according  to  the  desired  degree  of  attenua- 
tion.  Two  drawn  slivers  were  generally  united  into  one  by  this  machine,  as  is  shown  in 
the  figure,  where  they  are  seen  coming  from  the  two  cans  e  e,  to  be  brought  together  by 
the  pressure  rollers,  biefore  they  reach  the  drawing  rollers  a  fr.   The  sliver,  as  it  escapes 
iroDi  these  rollers,  is  conducted  into  the  revolving  conical  lantern  g,  throogh  the  foaaeh 
/  at  its  top.   This  lantern-can  receives  its  motion  by  means  of  a  cord  passing  over  m 
pulley  ky  placed  a  little  way  above  the  step  on  whieh  it  turns.   The  motion  is  ateadieiS 
by  the  collet  of  the  funnel  /,  being  embraced  by  a  brass  busk.   Such  a  nwchine  gene* 
rally  contained  four  drawing  heads,  each  mounted  with  two  lanterns;  in  whose  aide  thercsr 
was  a  door  for  taking  out  the  conical  coil  of  roving. 

The  motion  imparted  {o  the  back  roller  by  the  band  pulley  or  rigger  m,  was  ooQVeyei0 
to  the  front  one  by  toothed  wheel  work. 

The  vertical  guide  pulley  at  bottom,  a,  served  to  lead  the  driving  band  deseenda^g 
from  the  top  of  the  frame  round  the  horizontal  whorl  or  pulley  upon  the  under  end 
the  lantern.  The  operation  of  this  can-frame  was  pleasing  to  behold ;  as  the  centrifugal 
force  served  both  to  distribute  the  soft  cord  in  a  regular  coU,  and  also  to  condense  a  greastf 
deal  of  it  most  gently  within  a  moderate  space.  Whenever  th^  lantern  was  filled,  th^ 
tenter  carried  the  roving  to  a  simple  machine,  where  it  was  wound  upon  bobbins  b^ 
hand.  Notwithstanding  every  care  in  thb  transfer,  the  delicate  texture  was  Teiy  apt  t^ 
he  seriously  injured,  so  as  to  cause  corresponding  injuries  in  every  subsequent  operatioimtt 
and  in  the  finished  yam.  Messrs.  Cocker  and  Higgins,  of  Salfoid,  had  the  aingnkn^ 
merit,  as  I  have  said,  of  superseding  that  beautiful  but  defective  mechanism,  which  h^^ 
held  a  prominent  place  in  all  cotton  mills  from  akoost  the  infancy  of  the  (hOory  aystcaWa 
by  the  following  apparatus. 
The  Bobbin  and  Fly  frame  is  now  the  great  roving  'w^Kf'**  of  the  eotton  mamifa^*- 
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ire ;  to  whieh  may  be  added,  for  coane  spmiiiBg,  the  tube  roring  fVame.  Of  radi  a 
amplicated  machine  as  the  bobbin  and  fly  fhune,  it  is  not  possible  to  give  an  ade- 
—  qaately  detailed  description  in  the 

space  due  to  the  sabject  in  this 
Dictionary.  Its  mechanical  com- 
binations are,  howeyer,  so  admira- 
ble as  to  require  such  an  account 
as  win  make  its  functions  intelli- 
gible by  the  general  reader. 


Fig,  332  exhibits  a  back  view  oiT 
this  machine ;  and  Jig,  333  a  sec- 
tion of  some  of  the  parts  not  very 
visible  in  the  former  figure.  The 
back  of  the  machine  is  the  side  at 
which  the  cotton  is  introduced  be- 
tween the  drawing  rollers. 

The  cans,  or  lap-bobbins  filled 
with  slivers  at  the  drawing  frame, 
are  placed  in  the  situation  marked 
B,  Jig.  333,  in  rows  parallel  with 
the  length  of  the  machine.  The 
sliver  of  each  can,  or  the  united 
slivers  of  twp  contiguous  cans,  are 
conducted  upwards  along  the  sur- 
face of  a  sloping  board  /,  and 
through  an  iron  staple  or  guide  e, 
betwixt  the  usual  triple  pair  of 
drawing  rollers,  the  first  of  which 
is  indicated  by  a,  b.  In  Jig,  332y 
for  the  purpose  of  simplifying  the 
figure,  the  greater  part  of  Uiese 
rollers  and  their  subordinate  parts 
are  omitted.  After  the  slivers 
have  been  sufficiently  extended 
and  attenuated  between  the  rollers, 
they  proceed  forwards,  towards  the 
spindles  t  i  i,  where  they  receive 
the  twist,  and  are  wound  upon  the 
bobbins  h.  The  machine  deline 
ated  contains  thirty  spindles,  but 
many  bobbin  and  fly  frames  con- 
tain double  or  even  four  times  that 
number.  Only  a  few  of  the  spia 
dies  are  shown  in  Jig.  332,  for  fear 
of  confusing  the  ((rawing. 


Willi  legazd  to  tho  drawing  functiont  of  this  machine^  I  have  already  given  abundaat 
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explanation,  so  far  as  the  properties  and  operation  of  the  rollers  are  concerned.  Tbe 
frame-work  of  this  part  of  the  machine,  calloi  the  rolUr-beam,  is  a  cast-iron  bench,  npoa 
which  nine  bearers,  c,  are  mounted  for  carrying  the  rollers.  The  flnt^  rollen  a  a  a,  fig, 
334,  are  constructed  in  four  pieces  for  the  whole  length,  which  are  parted  from  ndi 
other  by  thinner  smooth  cylindric  portions,  2,  called  nedcs.  Seven  such  partings  for 
four  rollers,  and  one  parting  for  two  rollers,  constitute  together  the  30  flated  rollen  of 
which  the  whole  series  consists.  The  coupling  of  these  roller  fabdivisions  into  one 
cylinder,  is  secured  by  the  square  holes  x,  and  square  pins  y^fig'  334,  which  fit  jjito  the 

334  holes  of  the  adjoining  sabdivision.  The 

top  or  pressure  rollers  6,  are  two-fold  ors 

I    the  whole  set;  and  the  weighted  saddle 
presses  upon  the  neck  to,  which  coaneds 
every  pair,  as  was  already  explained  under 
Jig.  329.   These  weights  g  g,Jig.  333,  are  applied  in  this  as  in  the  drawing  framg ;  d  are 
the  bars  faced  with  flannel  for  cleaning  the  top  rollers.   A  similar  bar  is  applied  beneath 
the  rollers,  to  keep  the  flutings  clean. 
The  structure  and  operation  of  the  spindles  t  may  be  best  understood  by  examiaiag 

335  the  section  Jig,  335.   They  are  made  of  iron,  are  cylindrical  from 
the  top  down  to  a9,  but  from  this  part  down  to  the  steel  tipped  rounded 

^  point*  they  are  conical.  Upon  this  conical  portion  there  is  a  pulley 
ky  furnished  with  two  grooves  in  its  circumference,  in  which  the  cosd 
runs  tiiat  causes  the  spindle  to  revolve.  The  wooden  bobbin  k  n 
slid  upon  the  cylindrical  part,  which  must  move  freely  upon  it,  at 
will  be  presently  explained.  To  the  bobbin  another  two-grooved 
pulley  or  whorl  g  is  made  fhst  by  means  of  a  pin  r,  which  passes 
throifgh  it ;  by  removing  this  pin,  the  bobbin  can  be  instantly  takes 
oflf  the  spindle.  The  upper  end  of  the  spindle  bears  a  fork  #  /, 
which  may  be  taken  off  at  pleasure  by  means  of  its  leA-handed 
screw ;  this  fork,  or  flier,  has  a  funnel-formed  hole  at  v.  One  ann 
of  the  fork  is  a  tube,  «,  «,  open  at  top  and  bottom ;  the  leg,  t,  is 
added  merely  as  a  counterpoise  to  the  other.  In  Jig.  333,  for  the 
sake  of  clearness,  the  forks  or  fliers  of  the  two  spindles  here  repre- 
sented are  left  out ;  and  in  Jig.  332,  only  one  is  portrayed  for  the 
same  reason.  It  is  likewise  manifest  from  a  comparison  of  these 
two  figures  thai  the  spindles  are  aJlemalely  placed  in  two  rows,  » 
that  each  spindle  of  the  back  range  stands  opposite  the  interral 
between  two  in  the  front  range.  The  object  of  this  di«itribntion 
is  economy  of  space,  as  the  machine  would  need  to  be  greatly  longer 
if  the  spindles  stood  all  in  one  line.  If  we  suppose  the  spindles  aod 
the  bobbins  (both  of  which  have  independent  motions)  to  revolw 
simultaneously  and  in  the  same  direction,  their  operation  will  be 
as  follows :  The  sliver,  properly  drawn  by  the  fluted  rollers,  cnten 
the  opening  of  the  funnel  r,  proceeds  thence  downwards  tlirongb 
the  hole  in  the  arm  of  the  fork,  runs  along  its  tube  ft,  3,  and  the& 
winds  round  the  bobbin.  This  path  is  marked,  in  Jig,  335,  by  a  dot- 
ted line. 

The  revolution  of  the  spindles  in  the  above  circumstances  effects  the  twisting  of  the 
sliver  into  a  soft  cord ;  and  the  flier  a,  or  particularly  its  tubular  arm  j,  lays  this  cord 
upon  the  bobbin.  Were  the  speed  of  the  bobbins  equal  to  that  of  the  spindles,  thit  ff, 
did  the  bobbin  and  spindle  make  the  same  number  of  turns  in  the  same  time,  the  pro- 
cess would  be  limited  to  mere  twisting.  But  the  bobbin  anticipates  the  fliers  a  little, 
that  is,  it  makes  in  a  eiven  time  a  somewhat  greater  number  of  revolutions  than  the 
spindle,  and  thereby  ctrecls  the  continuous  winding  of  the  cord  upon  itself.  Suppose 
the  bobbin  to  make  40  revolutions,  while  the  spindle  completes  only  30;  30  of  these  revo- 
lutions of  the  bobbin  will  be  inoperative  towards  the  winding-on,  because  the  fliers  fol- 
low at  that  rate,  so  that  the  cord  or  twisted  sliver  will  only  be  coiled  10  times  round  the 
bobbin,  and  the  result  as  to  the  winding-on  will  be  the  same  as  if  the  spindle  had  stood 
still,  and  the  bobbin  had  made  40  —  30  =  IQ  turns.  The  30  turns  of  the  spindles  serre. 
therefore,  merely  the  purpose  of  conmiunicating  twist. 

The  mounting  and  operation  of  the  spindles  are  obviously  the  same  as  they  are  npoo 
the  household  flax  wheel.  In  the  bobbin  and  fly  frame  there  are  some  circumstaoces 
which  render  the  construction  and  the  winding-on  somewhat  difficult,  and  the  mechaoisn 
not  a  little  complicated.  It  may  be  remarked,  in  the  first  place,  that  as  the  cord  is  wound 
on,  the  diameter  of  the  bobbin  increases  very  rapidly,  and  therefore  every  turn  made 
round  it  causes  a  greater  length  of  roving  to  be  taken  up  in  succession.  Were  the 
motions  of  the  bobbins  to  continue  unchanged  in  this  predicament,  the  increafi*" 
velocity  of  the  winding-on  would  require  an  increased  degree  of  extension,  or  it  wow 
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occasion  the  rupture  of  the  cord,  because  the  fVont  fluted  rollers  move  with  uniform 
speed,  and  therefore  deliver  always  the  same  ]enq:th  of  sliver  in  the  same  time.  It 
is  therefor^  necessary  to  diminish  the  velocity  of  the  bobbins,  or  the  number  of  their 
turns,  in  the  same  proportion  as  their  diameter  increases,  in  order  that  the  primary 
velocity  may  remain  unchanged.  Moreover,  it  is  requisite  for  the  proper  distribution 
of  the  cord  upon  the  bobbin,  and  the  regular  increase  of  its  diameter,  that  two  of  its 
successive  oonvolutioos  should  not  be  applied  over  each  other,  but  that  they  should  be 
laid  close  side  by  side.  This  object  is  attained  by  the  up  and  down  sliding  motion  of  the 
bobbin  upon  the  spindle,  to  the  same  extent  as  the  length  of  the  bobbin  barrel.  This 
up  and  down  motion  most  become  progressively  slower,  since  it  increases  the  diameter 
of  the  bobbin  at  each  range,  by  a  quantity  equal  to  the  diameter  of  the  sliver.  What 
has  now  been  stated  generally,  will  become  more  intelligible  by  an  example. 

Let  it  be  assumed  that  the  drawing  rollers  deliver,  in  10  seconds,  45  inches  of 
roring,  and  that  this  length  receives  30  twists.  The  spindles  must,  in  consequence^ 
make  30  revolutions  in  10  seconds,  and  the  bobbins  must  turn  with  such  speed,  that 
they  wind  up  the  45  inches  in  10  seconds.  The  diameter  of  the  bobbin  barrels  being 
1)  inches,  their  circumference  of  course  4^  inches,  they  must  make  10  revolutions  more 
in  the  same  time  than  the  spindles.  The  effective  speed  of  the  bobbins  will  be  thus 
30-|- 10=40  turns  in  10  seconds.  Should  the  bobbins  increase  to  3  inches  diameter, 
by  the  winding-on  of  the  sliver,  they  will  take  up  9  inchA  at  each  turn,  and  con- 
sequently 45  inches  in  5  turns.  Their  speed  should  therefore  be  reduced  to  30-|-5=35 
turns  in  10  seconds.  In  general,  the  excess  in  number  of  revolutions,  which  the 
bobbins  must  make  over  the  spindles,  is  inversely  as  the  diameter  of  the  bobbins. 
The  speed  of  the  bobbins  must  remain  uniform  during  the  period  of  one  ascent  or 
descent  upon  the  spindle,  and  must  diminish  at  the  instant  of  changing  the  direction 
of  their  up  jind  down  motion ;  because  a  fresh  range  of  convolutions  then  begins  with 
a  greater  diameter.  When,  for  example,  30  coils  of  the  sliver  or  roove  are  laid  in  one 
length  of  the  bobbin  barrel,  the  bobbin  mu;.t  complete  its  vertical  movement  up  or 
down,  within  30  seconds  in  the  first  case  above  mentioned,  and  within  60  seconds  in 
the  second  case. 

The  motions  of  the  drawing  rollers,  the  spindles,  and  bobbins,  are  produced  in  the 
following  manner : — A  shaft  c'.  Jigs,  332  and  333,  extending  the  whole  length  of  the 
machine,  and  mounted  with  a  fly  wheel  d',  is  set  in  motion  by  a  band  from  the  running 
pulley  upon  the  shaft  of  the  mill,  which  actuates  the  pulley  a',  6'  is  the  loose  pulley 
upon  which  the  band  is  shifted  when  the  machine  is  set  at  rest.  Within  the  pulley  a', 
but  on  the  outside  of  the  frame,  the  shaft  c.  carries  a  toothed  wheel  with  50  teeth, 
which  by  means  of  the  intermediate  wheel  turns  the  wheel  (fs  upon  the  prolonged 
shaft  of  the  backmost  fluted  roller  (ma,  fig.  333.)  This  wheel  di  has  usually  54  teeth; 
but  it  may  be  changed  when  the  roove  is  to  receive  more  or  less  twist;  for  as  the 
spindles  revolve  with  uniform  velocity,  they  communicate  the  more  torsion  the  less 
length  of  sliver  is  delivered  by  the  rollers  in  a  given  time.  Upon  the  same  shaft  with 
<2s,  a  pinion  eH  of  32  teeth  is  fiXed,  which  works  in  a  wheel  /s  of  72  teeth.  Within 
the  frame  a  change  pinion  ga  is  made  fast  to  the  shaft  of  fi.  This  pinion,  which  has 
usually  from  24  to  SiS  teeth,  regulates  the  drawing,  and  thereby  the  fineness  or  number 
of  the  roviu!?.  It  works  in  a  48-toothed  wheel  As  upon  the  end  of  the  backmost  fluted 
roller  a,  fig.  333.  The  other  extremity  of  the  same  roller,  or,  properly  speaking,  line  of 
rollers,  carries  a  pinion  /2,  furnished  with  26  teeth,  which,  by  means  of  the  broad 
intermediate  wheel  ki,  sets  in  motion  the  pinion  t'3  of  22  teeth  upon  the  middle  roller. 
When  the  diameter  of  all  the  drawing  rollers  is  the  same,  suppose  1  inch,  their  propor- 
tional Tdocities  will  be,  with  the  above  number  of  teeth  in  the  wheel  work,  if  gs  hare 
24  teeth,  as  1  :  1*18  :4-5;  and  the  drawn  sliver  will  have  4|  times  its  original  length. 
The  front  or  delivery  roller  of  the  drawing  frame  is  of  late  years  usually  made  1^  or 
]|  inches  in  diameter.  If  625  feet  of  the  sliver  from  the  drawing  frame  weighed  one 
pound,  2790  feet  of  the  roving  will  now  go  to  this  weight,  and  the  number  will  be 
1*12;  that  is,  1  hank  and  12  hundredths  to  the  pound.  The  front  pair  of  fluted 
roUers  makes  about  90  revolutions,  and  deliven  282*6  inches  of  roving  in  the  minute, 
when  of  one  inch  diameter. 

The  spindles  i  (figs.  332  and  333),  rest,  with  their  lower  ends,  in  steps  /,  which  are 
fixed  in  an  immoveable  beam  or  bar  m.  To  protect  it  from  dust  and  cotton  filaments, 
tins  beam  is  furnished  with  a  wooden  cover  n,  in  which  there  are  small  holes  for  the 
psssage  of  the  spindles  right  over  the  steps.  In  fig.  332,  two  of  the  eight  covers  n,  which 
compose  the  whole  range  m,  are  removed  to  let  the  steps  be  seen.  The  cylindrical  part 
of  each  spindle  passes  through  a  brass  ring  o ;  and  all  these  30  rings,  whose  centres 
omtt  be  Tertically  over  the  steps  ly  are  made  fast  to  the  copping  beam  p.  This  beam 
ii  to  called,  because  it  is  destined  not  merely  to  keep  the  spindles  upright  by  the  ringt 
tttaehed  to  it,  but,  at  the  same  time,  to  raise  and  lower  along  the  spindles  the  bobbins 
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which  reit  on  these  rings;  ftr  whieh  poqiose  ttm  t«l  ndEMTMlMI  tan  wm ^ 
iMde  fsst  to  it,  ve  designed,  ns  win  he  pnsently  eipWafld.  T^ffkti  tcmMb 
of  the  spindles,  there  nre  nttnehed  to  the  mnim  shnft  two  i  ~ 
benring  foor  grooves  of  eqanl  diniiieter.  £nch  of  thi 
niadles  in  motion,  by  menns  of  a  eord,  whieh,  after 
loor  times  aboit  the  poUeys  of  the  shnlt  (f, 
ud  two  others  with  a  single  groove,  whidi  tmrn 
the  above  shaft,  serve  to  give  the  whorl  eoids  pn^cr  i 
them  tight.  The  spindles  revolve  200  times  or  thereby  im  the 
iomart  two  turns  or  twists  to  every  three  iaehesof  the  nnrn 
The  revolution  of  the.bobbtns  is  independent  of  that  of  I 
wise  proceeds  from  the  shaft  c',  and  differs  ftom  it  hi  beiag  « 
aotion.  The  simplest  method  of  effeetug  this  mocioa,  is  hf  mmm  of  the 
tin  plate  eone  fc",  whieh  revolves  equally  with  the  shaft  ^,  mad  at  the  mm  tiaisHv 
ahmg  it. 

The  manner  in  whieh  this  operates  is  shown  in  section  ns  Jig,  316.  Ban  we  |» 
eeive  the  rod  ft,  which  extends  from  the  base  toward  the  aarraw  ead  af  the  tmsilri 
cone,  and  |it  a  forked  bearer  or  carrier  made  fhst  to  the  shaft  e'  by  a  senw,  lAiA 
eompeLs  the  oone,  by  means  of  that  rod,  to  obey  the  movements  of  e'.  In  the  Inige  eii 


of  the  cone  there  is  an  tpertare,  through  which  the  bearer  can  be  got  at.   The  i  

end  carries  outside  a  projection  os,  provided  with  a  groove,  which  is  embraeed  by  the 
forked  end  of  a  rod  ^,fig.  337,  that  serves  to  shove  the  cone  along  upon  the  shaft 
Directly  under  the  cone,  there  is  an  upright  round  pillar  p'y  upon  which  the  holder  # 
of  the  two  guide  pulleys  T  is  adjustable.  A  bar  r  s  placed  along-side  of  the  hoUo^ 
prevents  its  turning  roand,  but  allows  it  to  slide  along  p'  by  friction.  The  weight  of  ths 
holder  and  the  pulley  is  sufficient  to  distend  the  endless  band  n\  whieh  rana  from  ths 
eone  k',  throusrh  under  the  pulley  l\  and  round  the  small  drum  m'  on  the  shaft  A  A 
pulley  or  whorl  /s,  with  four  grooves,  is  made  fast  by  means  of  a  tube  to  this  aimft,  sal 
slides  along  it  backwards  and  forwards,  without  ever  ceasing  to  follow  its  revohitioM* 
The  shaA  possesses  for  this  purpose  a  long  fork,  and  the  interior  of  the  tube  a  cent* 
spooding  tongne  or  catch.  There  is  besides  upon  the  tube  beneath  the  pnUey,  ata%i 
groove  that  go<*8  round  it,  in  which  the  staple  or  forked  end  of  an  arm  like  Jig.  33l| 
made  fast  to  the  copping  beam  p,  catches.  By  the  up  and  down  movement  oif  ttat 
beam,  the  pulley  / 1  takes  along  with  it  the  arm  that  embraces  the  tube,  which  therelct 
rises  and  falls  equally  with  the  bobbins  k\  and  their  pulleys  or  whorls  q.  This  il 
requisite,  since  the  bobbins  are  made  to  revolve  by  the  pulleys  by  means  of  two  endhs 
cords  or  bands. 

The  mo*t  intrieate  part  of  the  mechanism  is  the  adljustment,  by  which  the  rerolatian 
of  the  bobbins  is  eontinually  retarded,  and  their  up  and  down,  or  copping  motiony  aksf 
the  spindles,  is  also  retarded  in  like  proportion.  The  vertical  pulley  /'  (townrdi  the 
left  end  of  the  shaft  c)  has  at  its  right  side  a  somewhat  larger  kite  or  sheave  |» 
with  a  perfectly  uniform,  bnt  not  a  very  smooth  snHkce.  Upon  this  sheave^  n  flusw 
horisootal  pulley  rubs,  whose  upper  face  is  covered  withleAher  to  inereaae  the  ftietioi. 
The  under  end  of  the  shaft  y<  of  the  pulley  tAms  in  a  step,  which  is  so  Qonneetod  wdl 
the  arm  o'  of  the  krge  bent  lever  ^  v',  that  it  always  stands  horizoatallyy  whatefcr 
direction  the  arms  of  that  lever  may  assume.  The  shaft  ys  is  steadied  at  top  byss 
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urakr  holkf  er  wldeh  e^ltraoei  the  fast  arm  H  with  iu  forked  end.  Upon  its 
ipottte  nde,  this  ami  carries  a  ^ley  yi,  upon  whieh  a  cord  goes,  that  is  made  fast  fo 
e  holder  of  the  shaft  and  loaded  with  the  weight  z".  The  weight  presses  the 
illey     against  the  wirface  of  g',  in  such  wise  as  to  effect  the  degree  of  friction  necessary 

order  that  the  rerolnlion  of  g"  may  produce  an  uninterrupted  revolution  in  x'.  A 
■iM  w'y  whose  lengtli  must  he  equal  at  least  to  the  semi-diameter  of  the  sheave  g',  is 
and  npaa  the  undefrepd  of  the  shaft  jft.  It  has  22  teeth,  and  takes  into  a  62-toothed 
riioatal  wheel  zt.  Upon  the  upper  end  of  this  wheel  the  conical  pinion  a»  is  made 
it,  which  may  he  changed  for  changing  the  speed,  but  usually  has  from  28  to  30  teeth, 
r  this  pinion  the  conical  wheel  b»  is  turned,  which  has  30  teeth,  and  whose  shaft  is  cs. 
im  shaft,  carries  upon  its  opposite  end  a  six-leaved  pinion,  ds,  which  takes  into  the 
lender  wheel  fi^  formed  trith  cogs  like  a  trundle,  upon  the  long  shaft  es.  In  Jig.  338 
e  wheel  fi  is  exhibited  with  its  pinion  ds.  Here  we  may  remark,  that  in  the  circum- 
reoee  of  the  wheel  there  is  a  vacant  place,  gt,  void  of  teeth.  When,  by  the  motion  of 
e  wheel,  the  pinion  comes  opposite  to  this  opening,  it  turns  round  about  the  last  tooth 

the  wheel,  falls  into  the  inside  of  the  toothed  circle  mariced  the  dotted  lines,  and 
IS  gives  now  an  inverse  movement  to  the  wheel  fi,  while  itself  revolves  always  in  the 
Be  direction.  This  reversed  motion  eoatinues  till  the  opening  gs  comes  once  more 


Kisite  to  the  pinion,  when  this  turns  round  about  the  kst  tooth  of  that  side,  and  begins 
in  to  work  in  the  exterior  teeth.  Thus,  by  the  uniform  motion  of  ds  and  its 
leadant  parts,  the  wheel  with  its  shaft  es,  revolves  alternately  to  the  right  hand 
i  the  left.  That  this  result  may  ensue,  the  shaft  cs  of  the  pinion  must  be  able  to 
e  endwise,  without  losing  its  hold  of  as  and  6b.  This  a4)ustment  is  effected  Iff 
eing  the  end  of  the  said  shaft,  nearest  6s,  ia  a  box  or  holder  is,  in  which  it  can  tunu 
I  which  forms  a  vertical  tube  to  this  box,  as  a  downward  prolongation  which  is  fixed 
the  tail  of  the  conical  pinion  an.  FU.  339  shows  this  construction  in  section  upon 
enlarged  scale.  The  second  bearer  of  the  shaft  nearest  d>,  must  possess  likewise  the 
SOS  of  lateral  motion.  When  therefore  the  pinion  dB  shifts  through  the  opening 
the  wheel  /•  outwards  or  inwards,  its  shaft  c«,  makes  a  corresponding  small  angular 
tkm  upon  the  pivot  of  «),  by  means  of  the  tube  ts  {  a*  and  6s  reniain  thereby  oom- 
tely  in  gear  with  one  another. 

Pbe  above-described  alternate  revolutions  of  the  wheel  /•  serve  to  produce  the  «p 
I  down  motions  of  the  bobbins.  The  shift  «b  has  for  this  purpose  two  pinions  ns  ai^ 
icil  work  in  the  rack  teeth  ms  of  the  copping  rail  and  thus  alternately  raise  and 
k  it  with  the  bobbins  which  rest  upon  it.  The  weight  of  the  copping  beam  and  all 
dependant  parts,  is  poised  by  two  counterweights  m4,  whose  cords  run  over  the 
leys  04  04  04,  fig,  332,  and  have  their  ends  made  fast  to  the  frame,  so  as  to  make  the 
fwd  motSoa  as  easy  as  the  downward.  The  two  upper  pulleys  out  of  the  three  of 
h  weight  are  fixed  to  the  frame ;  the  under  one,  loond  which  the  cord  first  run%  is 
idled  lo  the  copping  bean,  lising  and  iUling  along  with  it. 

b  leng  as  the  fVietion  dtec  stf  remains  al  the  same  height,  the  piilley  g"  derives  its 
Aon  finoiii  the  seme  circle  of  the  said  disc,  and  the  up  end  down  motion  of  the  copping 
■I  is  also  unifenB.  But  when  that  disc  ascends  so  as  to  describe  with  its  edge  a  small 
de  vpoB  the  fhoe  of  g",  its  motion  must  become  proportionally  more  slow.  This  is  the 
ftd,  or  principle  retarding  the  copping  motions  of  the  bobbins.  It  has  been  shown, 
itrer,  that  the  rotiAnnef  the  bobbins  should  be  also  retarded  in  a  progressive  maaner. 
is  object  is  eflfeeted  by  means  of  tiie  eone  hf^  which,  as  the  band  %  progressively 
piOMtes  towards  its  smaller  diameter,  drives  the  pnUeys  or  whorls  ^  of  the  bobbins 
deoeasing  speed,  though  itself  moves  uniformly  qnick  with  the  shaft  c.  To  eflfoct 
li  vtrlttion,  the  cone  is  shifted  lengthwise  along  its  shaft,  while  the  band  running 
m  h  remains  continnatly  in  the  same  vertical  plane,  and  is  kept  distended  by  the 
dghtdf  ifte  pulley  o'.  The  foHewing  mechanism  serves  to  shift  the  oone,  which  may 
!begtuiider«toodbytiieaidof  the  figures  340, 841,  and  337.  A  long  cast  iron  barni^ 
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which  bears  two  horizontal  projecting  puppets,  osos,  is  made  fait  to  the  firaot  Qprifikt 
face  of  the  copping  beam  a.   Through  the  above  puppeU  a  ejUvMal  rod  «s  puaes  fiedf, 

340 


which  is  leA  out  in  Jig,  337,  that  the  parts  lying  behind  it  may  be  better  teen.  Upoa 
this  rod  there  is  a  kind  of  fork,  p3,  to  which  the  alternating  rack  bars  ^  are  made 
fast.  The  teeth  of  these  racks  are  at  unequal  distances  from  each  other,  and  are  to 
arranged,  that  each  tooth  of  the  under  side  corresponds  to  the  space  "between  two  teeth 
in  the  upper  side.  Their  number  depends  upon  the  number  of  coils  of  roving  that  may 
be  required  to  fill  a  bobbin ;  and  consists  in  the  usual  machines  of  from  20  to  22.  Hie 
iwl  n3  may  be  shifted  im  the  puppet  os,  like  the  fork  of  the  rack-rod,  upon  tiie  roi 
and  alongitfie  surface  of  ms,  where  two  wings  tiS  to  are  placed,  to  keep  the  foik  ia 
A  Straight  direction.  Upon  the  bar  ms,  there  are  the  pivots  or  fulcra  of  two  stop  catches 
to3  j:3,  of  which  the  uppermost  presses  merely  by  its  own  weight,  but  the  undermost  by 
means  of  a  covnterweighi  ys,  ngainst  the  rack,  and  causes  them  thus  to  fall  in  between 
the  lecth.  In  fig,  341,  »•  shows  the  pivot  of  the  catch  or  detent  ip»  by  itseU^  the 
detent  itself  being  omitted,  to  fender  the  construction  plainer.  A  pushing  rod  t^,  upoo 
which  there  is  a  pin  above  at  «3,  that  passes  behind  the  rack  rod,  between  this  and 
the  bar  ms,  has  for  its  object  to  remove  at  pleasure  the  one  or  the  other  of  the  two 
catches;  the  upper,  when  the  upper  end  of  the  rod  pushes  against  it;  the  under,  hy 
means  of  the  above  mentioacd  pin  33.  Both  the  catches  are  never  raised  at  once,  bat 
either  the  under  or  the  upper  holds  the  rack  bar  fast,  by  pressing  against  one  of  the 
teeth.  The  vertical  motion  up  or  down,  which  the  rod  /3  must  take  to  effect  the  liAin? 
of  the  catches,  is  given  to  it  from  the  copping  beam  p ;  since  upon  it  a  horizontal  am 
r2,  fig.  3  U,  is  fixed,  that  lays  hold  of  that  rod.  Upon  the  pushing  rod  are  two  rings, 
hi  and  each  made  fast  by  a  screw.  When  the  copping  beam  is  in  the  act  of  goiif 
up,  the  arm  at  the  end  of  this  movement,  pushes  against  the  ring  hi,  raises  up  the 
rod  l3,  and  thus  removes  the  catch  tf3,  fig,  337,  from  the  teeth  of  the  rod  ^3,  before 
which  it  lies  flat.  At  the  descent  of  the  copping  rail,  vi  meets  the  ring  fc3,  when  the 
motion  in  this  direction  is  nearly  completed,  draws  down  the  rod  l3  a  little,  by  means  of 
the  same,  and  thereby  effects  the  removal  of  the  catch  x3,  fig,  337,  from  the  rod 
Every  lime  that  one  of  the  catches  is  liAed,  the  rack  recovers  its  freedom  to  advance  a 
little  bit  in  the  direction  of  the  arrow;  so  far,  namely,  till  the  other  catch  lays  bold  npoo 
the  tooth  that  next  meets  it.  The  reason  is  thus  manifest  why  the  teeth  of  the  upper 
and  under  sides  of  the  bar  93  axe  not  right  opposite  to  each  other^  but  in  an  alternate 
position. 

From  the  rack-bar,  the  sliding  of  the  cone  ^,  and  the  raising  of  the  shaft  each 
minute  steps  at  a  time,  is  produced  as  follows :  — 

A  large  rectangular  lever  /i,  v^,  whose  centre  of  motion  is  at  pi,  has  at  the  upper  end 
of  its  long  arm  /i,  a  long  slot  through  which  a  stud  rs  upon  the  radc  5*  goes,  (figi-  340, 
341,  337,)  so  that  the  lever  must  follow  the  motions  of  the  rack  bar.  The  end  of  the 
short  arm  of  the  lever  bears,  as  already  mentioned,  the  step  of  the  shaft  y< ;  hence  the 
friction  disc  x'  will  be  raised  in  proportion  as  the  rack  bar  advances,  and  will  come 
nearer  to  the  middle  point  of  ;  consequently,  its  revolution  and  the  shifling  of  the 
bobbins  will  become  slower.  Upon  the  cylindrical  rod  ns,  the  piece  <^  9^  fornished 
with  a  long  slot  is  made  fast,  by  means  of  a  tube  «»,  (fig,  337,)  and  a  screw.  A  forjf 
«  u,  which  by  means  of  the  screw  nut  a*  is  made  fast  in  the  slot,  embraces  the  arm  ci 
the  bent  lever ;  and  a  tube  r»  riveted  to  the  surface  of  *i,  is  destined  to  take  up  the  draW 
rod  of  the  cone  k^,fig,  337.  A  weight  /*,  whose  cord  bi  is  made  fast  to  the  cylindri- 
cal rod  n3,  endeavors  to  draw  this  rod  continually  in  the  direction  of  the  arrow. 
consequence  of  this  arraneemcnt,  every  time  that  the  pushing  bar  ^3  lifts  up  one  of  tb« 
catches,  the  cone  fe«,  the  lever  <i  v^,  and  by  it  the  rack  bar  5s,  are  set  in  motion.  It 
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obrious,  that  the  motion  of  the  cone  may  be  made  greater  or  less,  according  as  the  fork 
«»  «  is  fixed  further  up  or  down  in  the  slot  of  s^. 

The  number  of  the  teeth  upon  the  bar  98  is  so  ordered,  that  the  bobbins  are  quite  full 
when  the  last  tooth  has  retched  the  catch  and  is  released  by  it.  The  rack  bar,  being 
restrained  by  nothing,  immediately  slides  onwards,  in  consequence  of  the  traction  of  the 
weight  /4,  and  brings  the  machine  to  repose  by  this  very  movement,  for  which  purpose 
the  following  construction  is  employed.  A  rectangular  lever  which  has  its  centre  of 
motion  in  g*  is  attached  to  the  side  face  of  the  beam  a,  and  has  at  the  end  of  its  hori- 
zontal arm  a  pulley  over  which  the  cord  b*  of  the  counterweight  f*  is  passed.  The 
end  of  the  perpendicular  arm  is  forked  and  embraces  the  long  and  thin  rod  fe4,  to  whose 
opposite  end  the  fork  2^  is  made  fast.  Through  this  fork  the  band  which  puts  the  ma- 
chine in  motion  passes  down  to  the  pulley  aK  With  the  bent  lever  another  rod  (4  is 
connected  at  M,  which  lies  upon  the  puppet  es  with  a  slot  at  e*,  and  hereby  keeps  the 
lever  gi  in  its  upright  position  notwithstanding  the  weight  f*.  In  the  moment  when,  as 
above  stated,  the  rack  bar  ^  becomes  free,  the  arm  pi  of  its  fork  pushes  in  its  rapid 
advance  against  the  under  oblique  side  of  e*y  raises  this  rod,  and  thereby  sets  the  lever  gi 
free,  whose  upright  arm  bends  down  by  the  traction  of  the  weight,  drives  the  rod 
before  it  into  the  rini;  U  fastened  to  it,  and  thus,  by  means  of  the  fork  2«,  shiils  the  band 
upon  the  loose  pulley  61.  But  the  machine  may  be  brought  to  repose  or  put  out  of  gear 
at  any  time  merely  by  shifting  the  rod  ^4  with  the  hand. 

The  operation  of  the  bobbin  and  fly  frame  may  be  fully  understood  from  the  preceding 
description.   A  few  observations  remain  to  be  made  upon  the  cone  fc*,  the  rack^bar 
and  the  speed  of  the  work. 

When  we  know  the  diameter  of  the  empty  bobbins,  and  how  many  turns  they  should 
make  in  a  given  time  in  order  to  wind-on  the  sliver  delivered  by  the  fluted  rollers  anl  the 
spindles;  when  we  consider  the  diameters  of  the  spindle  |ftilleys  g,  and  as  Abo  the 
drum  mi,ySg.  332,  we  may  easily  find  the  diameter  which  the  cone  tnst  have  fiv  pr^ 
ducing  that  number  of  turns.  This  is  the  diameter  for  the  greatest  periphery  of  fkit 
base.  The  diameter  of  the  smaller  is  obtained  in  the  same  way,  when  the  diameter  jf 
the  bobbins  before  the  last  winding-on,  as  well  as  Ihe  nlttaber  of  turns  necessary  in  ti 
given  time,  are  known.  * 

A  bobbin  and  fly  frame  of  the  construction  just  described  delivers  from  eaeli  spindle 
in  a  day  of  twelve  hours,  from  6  to  8  lbs.  of  roving  of  the  fineness  of  1|  English  counts. 
One  person  can  superintend  two  frames,  piece  the  broken  slivers,  and  replace  the  full 
bobbins  by  empty  ones.  The  loss  of  cotton  wool  in  this  machine  consists  in  the  portions 
carried  off  from  the  torn  slivers,  and  must  be  returned  t*  the  lapping  machine. 

The  fine  bobbin  and  Jly  frame  does  not  differ  essentially  from  the  preceding  machine. 
The  rovings  from  the  coarse  bobbin  and  fly  frame  are  placed  in  their  bobbins  in  a  frame 
ealled  the  era/,  behind  and  above  the  roller  beam,  two  bobbins  being  allowed  for  one 
fluted  portion  of  the  rollers.  These  rovings  are  united  into  one,  so  as  to  increase  the 
uniformity  of  the  slivers. 

The  invention  of  the  beautiful  machine  above  described  is  due  to  Messrs.  Cocker  and 
Higgins,  of  Manchester,  and  as  lately  improved  by  Henry  Houldsworth,  jun.,  Esq.,  it 
may  be  considered  the  most  ingeniously  combined  apparatus  in  the  whole  range  of  pro- 
ductive industry. 

In  the  fine  roving  frame  the  sliver  is  twisted  in  the  contrary  direction  to  that  of  the 
eoarse  roving  frame.  For  this  reason  the  position  of  the  cone  is  reversed,  so  as  to  pre- 
sent in  succession  to  the  band,  or  strap,  diameters  continually  greater,  in  order  that  the 
rotation  of  the  bobbins  may  be  accelerated  in  proportion  as  their  size  is  increased, 
because  here  the  flier  and  the  bobbin  turn  in  the  same  direction,  and  the  winding-on 
it  effected  by  the  precession  of  the  bobbin ;  but  if  the  winding-on  took  place  by  its  falling 
behind,  as  in  the  coarse  bobbin  and  fly  frame,  that  is,  if  the  flier  turned  less  quickly  than 
the  bobbin,  the  rotatory  speed  of  the  bobbin  would  be  uniformly  retarded ;  in  which  case 
the  cone  would  be  disposed  as  in  the  coarse  frame. 

When,  by  any  means  whatever,  a  uniform  length  of  thread  is  delivered  by  the  rollers 
in  a  given  time,  the  bobbin  -must  wind  it  up  as  it  is  given  out,  and  must  therefore  turn 
with  a  speed  decreasing  with  the  increase  of  its  diameter  by  successive  layers  of  thread. 
Hence  proceeds  the  proposition,  that  the  velocity  of  the  bobbin  must  be  in  the  inverse 
latio  of  its  diameter,  as  already  explained. 

With  respect  to  the  bobbin  and  fly  frame,  the  twist  is  given  to  the  sliver  by 
Beans  of  a  spindle,  or  flier,  which  turns  in  the  same  direction  with  the  bobbin,  but 
quicker  or  slower  than  it,  which  establishes  two  predicaments.  The  first  case  is  where 
Uie  flier  turns  faster  than  the  bobbin*  Here  the  winding-on  goes  in  advance,  as  in 
the  coarse  roving  frame,  or  as  in  throstle  spinning,  where  the  yam  is  wound  on  merely 
in  consequence  of  the  friction  of  the  lower  disc  or  washer  of  the  bobbin  upon  the 
eopping  rail,  and  of  the  drag  of  the  yam.  The  second  case  is  where  the  flier  revolves 
more  slowly  than  the  bobbin.   Here  the  winding  goes  on  in  arrear,  and  as  the  bobbin 
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turns  fnster,  it  must  receive  a  peculiar  motion,  which  is  nnifoniily  retmided  ttk  the  ntiD 
of  its  incren<ie  of  diameter.  This  is  the  case  with  the  fine  bobbin  and  fly  frame.  Wbei 
the  cone  is  placed  as  in  Jig.  332,  the  winding-on,  in  either  the  coarte  or  fine  frame,  re- 
sults from  the  difference,  whether  greater  or  less,  between  the  rotatory  speed  of  the  flior 
and  bobbin. 

The  motion  of  the  bobbin  and  spindle  is  simultaneous,  and  takes  place  in  the  sane 
direction,  with  a  difference  varyini?  more  or  less  with  the  varying  diaoieters  of  the 
bobbins.  To  render  the  matter  still  clearer,  suppose  fur  a  moment  the  ftpindle  to  be 
motionless,  then  the  bobbin  must  revolve  with  such  a  speed  as  to  lap-on  the  roviu(  M 
fast  as  the  rollers  deliver  it.  The  sliver  comes  forwand  uniformly ;  but  the  bobbin,  bf 
its  inert  a^e  of  diameter,  must  revolve  with  a  fspeed  proffressively  slower.  Now,  Mp> 
pose  the  spindle  set  a-whirline,  it  is  obvious  thai  the  bobbin  must  add  to  the  movemot 
requisite  fur  winding-on  the  sliver,  that  of  the  spindle  in  the  case  of  winding-on  ii 
arrear,  or  when  it  follows  the  fliers,  and  subtract  its  own  motion  from  the  twistiig 
motion  of  the  spindles,  in  the  case  of  winding-on  in  advance,  that  is,  whc*n  the  bobbii 
precedes  or  turns  faster  than  the  fliers;  for  the  diameter  of  the  bobbin  being  1} 
inches,  10  turns  will  take  up  45  inches.  Deducting  these  10  turns  from  the  30  made 
by  the  spindle  in  the  same  time,  there  will  remain  for  the  effective  movement  of  tk 
bobbin  only  20  turns ;  or  when  the  diameter  of  the  bobbin  becomes  3  inches,  6  tnni 
will  take  up  the  45  inches,  if  the  spindle  be  at  rei^t ;  but  if  it  ntakes  30  turns  in  the 
time,  the  effective  velocity  of  the  bobbin  will  be  25  turns,  =  30  —  5.  Hence  in  the 
fine  bobbin  and  fly  frame,  the  number  of  turns  of  the  spindle,  mimtt  the  number  of 
turns  made  by  the  bobbin  in  equal  fimes,  is  in  the  inverse  ratio  of  the  diameter  of  tlw 
bobbin.  We  thus  perceive,  that  in  the  coarse  frame  the  bobbin  should  move  faster 
than  the  spindle,  nnd  that  its  speed  should  always  diminish ;  whilst  in  the  fine  fjaine 
the  bobbin  should  move  slower  than  the  spindle,  but  its  speed  should  always  increase. 
It  is  ensy  to  conceive,  therefore,  why  the  cones  are  placed  in  reverse  directions  in  the 
two  machines.  Not  that  this  inversion  is  indispensably  necessary ;  the  cone  of  the  fiae 
roving  frame  might,  in  fact,  be  placed  like  that  of  the  coarse  roving  frame ;  but  as  the 
torsion  of  the  rovinc  becomes  now  considerable,  and  as  on  that  account  the  bobbiu  would 
need  to  move  still  faster,  which  would  consume  a  creater  quantity  of  the  moving  power, 
it  has  been  deemed  more  economical  to  give  its  movement  an  opposite  direction. 

We  mentioned  that  the  twist  of  the  sliver  in  the  fine  roving  frame  was  the  reverse  of 
that  in  the  coarse ;  this  is  a  habit  of  the  spinners,  for  which  no  good  reason  has  bees 
given. 

The  divisions  of  the  rack-bar,  and  the  successive  diameters  of  the  cone,  must  be 
nicely  adjusted  to  ench  other.  The  first  thing  to  determine  is,  how  much  the  rack 
should  ndvnnco  for  every  layer  or  range  of  roving  applied  to  the  bobbin,  in  order  thit 
the  cone  mny  occupy  such  a  place  that  the  strap  which  regulates  the  pulley  barrel  mty 
be  at  the  proper  dinmeler,  and  thus  fulfil  cver>'  condition.  The  extent  of  this  pnv 
gxessive  movement  of  the  rack  depends  upon  the  greater  or  less  taper  of  the  cone,  and 
the  increase  which  the  diameter  of  the  bobbin  receives  with  ever}'  traverse,  that  is,  every 
layer  of  rovinu  laid  on.  But  care  should  be  taken  not  to  taper  the  cone  too  rapidly,  espe- 
cially in  the  fine  roving  frame,  because  in  its  progress  towards  the  smaller  end  the  strap 
would  not  «ilifle  w^ith  certainty  and  ease.  We  have  already  shown  that  the  number  rf 
effective  turns  of  the  bobbin  is  inversely,  as  the  diameter  of  the  bobbin;  or  directly, tt 
the  succe>*«ive  diameters  of  the  different  points  of  the  cone. 

H.  Houldsworth,  jun.  Esq.  has  introduced  a  capital  improvement  into  the  bobbin  and 
fly  frame,  by  his  dillerenlial  or  equation-box  mechanism,  and  by  his  spring  fingers,  which, 
by  pressing  the  soft  «iliver  upon  the  bobbin,  cause  at  least  a  double  quantity  to  be  woaid 
upon  its  barrel.  With  the  description  of  his  patent  equation-box,  I  shall  conclude  the 
description  of  the  bobbin  nnd  fly  frame. 

Fig.  342  rei>ref.enls  a  portion  of  a  fly  frame  with  Mr.  HouldsworthV  inventioi. 
a  a  a  are  the  front  drawin?  rollers,  turning  upon  bearings  in  the  top  of  the  machiie^ 
and  worked  by  a  train  of  toothed  wheels,  in  the  way  that  drawing  rollers  are  usually 
actuated. 

From  the  drawing  rollers,  the  filaments  of  cotton  or  other  material,  6  6,  are  brought 
down  to,  and  passed  through  the  arms  of  the  fliers  c  r,  mounted  on  the  top^  of  the 
spindles  fi  r/,  which  spindles  also  carr>'  the  loose  bobbins  e  c.  In  the  ordinary  mode  of 
constructing  such  machines,  the  spindles  are  turned  by  cords  or  bands  passing  from  a 
rotatory  drum  rouml  their  respective  pulleys  or  whirls  /,  and  the  loose  bobbins  e,  tun 
with  them  by  the  friction  of  their  slicht  contact  to  the  spindle,  as  before  said ;  iu  the 
improved  machine,  however,  the  movements  of  the  spindles  and  the  bobbins  are  ind^ 
pendent  nnd  distinct  from  each  other,  beini;  actuated  from  different  sources. 

The  main  shaft  f)f  the  encinc  g,  turned  by  a  band  and  rigger  a  as  usual,  commuuieatai 
motion  by  a  train  of  wh(*e1s  h,  through  the  shaA  t,  to  the  drawing  rollers  at  the 
reverse  end  of  the  machine,  and  causes  them  to  deliver  the  filaments  to  be  twisted. 
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Upcm  the  main  shad  g,  is  mounted  a  cylindrical  hollow  box  or  drum-pulley,  whenee 
jne  cord  passes  to  drive  the  whirls  and  spindles  /  and  d,  and  another  to  drive  the 
t»bbins  «. 


This  cylinilrical  box  pulley  is  made  in  two  parts,  k  and  /,  and  slipped  upon  the  axle  with 
a  toothed  wheel  m,  interveninsr  between  them.  The  box  and  wheel  are  shown  detached 
in  fig.  343,  and  partly  in  section  at  fig;.  344.  That  portion  of  the  box  with  its  pulley 
marked  2,  is  fixed  to  the  shaft  g ;  but  the  other  part  of  the  box  and  its  pulley  A%  and  the 
toothed  wheel  ni,  slide  loosely  round  upon  the  shaft  g,  and  when  broui^iit  in  contact  and 
eonfined  by  a  fixed  collar  w,  as  in  the  machine  shown  at  fig.  342,  ihey  constitute  two 
distinct  pulleys,  one  being  intended  to  actuate  the  spindles,  and  the  other  the  bobbins. 

In  the  Wfcb  of  the  wheel  w,  a  small  bevel  pinion  o,  is  mounted  upon  an  axle  standing 
at  right  angles  to  the  shaft  g,  which  pinion  is  intended  to  take  into  the  two  l)eve1  pinions 
p  and  q,  respectively  fixed  upon  bosses,  embracing  the  shaft  in  the  interior  of  the  boxes  k 
and  /.  Now  it  being  remembered  that  the  pinion  and  its  box  /,  are  fixed  lo  the  shaA 
g,  and  turn  with  it,  if  the  loose  wheel  m  be  independently  turned  upon  the  shaft,  with  a 
different  velocity,  its  pinion  o,  takinu;  into  9,  will  be  made  lo  revolve  upon  its  axle,  and 
to  drive  the  pinion  p,  and  pulley  box  k,  in  the  same  direction  as  the  wheel  m  ;  and  this 
rotatory  movement  of  the  box  k  and  wheel  m,  may  he  faster  or  slower  than  the  shaft  g, 
and  box  /,  according  to  the  velocity  with  which  the  wheel  m  is  turned. 

Having  explained  the  construction  of  the  box  pulleys  k  and  /,  which  are  the  peculiar 
features  of  novelty  claimed  under  thi!$  patent,  their  office  and  advantage  will  be  seen  by 
deieribing  the  general  movements  of  the  machine. 

The  main  shaft  g,  being  turned  by  the  band  and  riirjfer  A,  as  above  said,  the  train  of 
'heels  h,  connected  with  it.  drives  the  shafll  t,  which  at  its  reverse  end  has  a  pinion  (not 
*een  in  the  figure)  that  actuates  the  whole  series  of  drawing  rollers  a.    Upon  the  shaft 
'there  is  a  sliding  pulley  r,  carrying  a  band  s,  which  passes  down  to  a  tension  pulley 
*ad  is  kept  distended  by  a  weight.    This  band  s,  in  its  descent,  comes  in  contact  with 
Mie  surface  of  the  cone  ft,  and  causes  the  cone  to  revolve  by  the  friction  of  the  band 
'inning  against  it.   The  pulley  r  is  progressively  slidden  along  the  shaft  1,  by  means  of 
^  T«ek  and  weight  not  shown,  but  well  understood  as  common  in  these  kind  of  machines, 
•«>d  which  movement  of  the  pulley  is  for  the  purpose  of  progressively  shifting  the  band 
•  from  the  smaller  to  the  larger  diameter  of  the  cone,  in  order  that  the  speed  of  its 
'^(^t^tioQ  may  gradually  diminish  as  the  bobbins  fill  by  the  winding-on  of  the  yams. 

At  the  end  of  the  axle  of  the  cone  u  a  ^all  pinion  r  is  fixed,  which  takes  into  the 
'^eth  of  the  loose  wheel  m,  and,  as  the  cone  turns,  drives  the  wheel  m  round  upon  the 
gy  with  a  speed  dependant  always  npon  the  rapidity  of  the  rotation  of  the  cone, 
the  box  pulley  /,  being  fixed  to  the  main  i?haft  g,  turns  with  one  uniform  speedy 
by  cords  passing  from  it  orer  guides  to  the  whorls  /,  drives  all  the  spindles  and 
^^rs,  which  twist  the  yarns  with  one  continued  uniform  velocity  ;  but  the  box  pulley  Jlr^ 
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being  loose  upon  the  slmA,  and  actuated  by  the  bevel  pinions  within,  at  described^  ii 
made  to  revdlve  by  the  rotation  of  the  \vhcel  m,  independent  of  the  shaft,  and  with  i 
diffcrrnt  ^wvi\  fiom  the  pulley  hc»x  /;  cords  passing  from  this  pulley  box  If,  over  gvidei 
to  small  pulleys  under  the  iKjbbins,  communicate  the  motion,  whatever  it  may  be,  of  the 
pulley  box  A*,  lo  the  bobbins,  and  cause  ihem  to  turn,  and  to  take  up  or  wind  Ihc  yin 
with  a  speed  derived  from  this  source,  independent  of,  and  different  from,  the  speed  of 
the  spindle  and  flier  which  twist  the  yarn. 

It  will  now  be  perceived,  tiint  these  parts  being  all  adjusted  to  accommodate  tbe 
takins:  up  movements  to  the  twi-tin?  or  spinning  of  any  particular  quality  of  yini 
intended  to  be  prcilureil,  nny  variations  between  the  velocities  of  the  spinning  tid 
takinsr  ap,  which  armtiier  quality  of  yum  may  require,  can  easily  be  effected,  by  merdr 
chnnsin?  the  pinion  r,  fur  one  with  a  different  number  of  teeth,  which  will  ciose  tie 
wheel  ni,  and  the  pulley  l>o\  /.\  to  drive  the  bobbins  faster  or  slower,  as  wonid  be  required 
in  winding-on  fine  or  coarse  \arn,  the  speed  of  the  twisting  or  spinning  being  the 
same. 

The  rovincs  or  "^ivmsy  conis,  of  greater  or  less  tenuity,  made  on  the  bobbin  and  fly, 
or  tube  roviuu'  frame,  ate  either  spun  immediately  into  firm  cohesive  yam,  or  receiwi 
further  preparntiim  process  in  the  stretching  frame,  which  is,  in  fact,  merely  a  mviit- 
jenny,  without  the  sr'cond  draught  and  second  speed,  and  therefore  need  not  be  described 
at  pre^ent,  as  it  will  be  in  its  place  afterwards. 

The  Jinishins;  u.arhincx  of  n  cotton  mill,  which  spin  the  cohesive  yarn,  are  of  two 
clashes ;  1.  the  water-twist  or  lhro>tle,  in  which  the  twisting  and  winding  are  performed 
simultaneously  upon  pniqressive  portions  of  the  roving;  and,  2.  the  mule,  in  which  the 
Ihtead  is  drawn  out  and  stretched,  with  little  twist,  till  a  certain  length  of  about  5  feet 
is  txtemicil,  then  the  torsion  i«s  coirjpleled,  and  the  finished  thread  is  immediately  wound 
upon  the  spindles  into  double  conical  coils  called  cops. 

The  water-lwi<l  frame,  so  ealli-d  by  its  inventor,  Sir  R.  Arkwright,  because  it  was  fint 
driven  by  water,  is  now  generally  supers<'ded  by  the  throstle  frame,  in  which  the  mt- 
chanicnl  spinninij  finiMTs,  s(»  to  spenk,  are  essentially  the  same,  but  the  mode  of  commii* 
nicalinsr  the  motion  «.f  the  mill  cearinir  to  them  is  somewhat  different.  Fig,  ^Ab  exhibits 
a  vertical  section  of  the  throstle.  This  machine  is  double,  possessing  upon  each  sidecf 
its  frame  a  row  tf  spindles  with  all  their  subsidiary  parts.  The  bobbins,  filled  with 
rovincs  from  the  bobbin  and  fly,  or  the  tube  frame,  arc  set  up  in  the  creel  a  a,  ia  two 
raniv's.  />.  //,  are  the  ilr.ee  usunl  pairs  ( f  drawinir  rollers,  through  which  the  ynrn 
i*;  ;ill(.'!iiin(e.i  to  the  prop«*r  rlrirn  e  of  lliienr:-"^,  upon  the  princip:t*s  already  explaiifd. 
At  IIn  e^f'Mpe  fmiri  the  front  n  Ih  i-,  v\r\\  thrc;)-!  inns  throuth  a  guide  eyelet  €  of  wi'f, 
'.vhicli  L'ives  it  the  vertical  •  c!!,  ;:  1  iwr.  fi)\vii:f!<  the  spindles/, fl'.  The  spindles  which 
P'Mr.)!rn  ;it  onre  and  uiii;il<  rif|.;,./ly  ;!.<  'ui>lini  an<l  winilini:-on  of  the  threa<l  deliver?:! 
l  y  tl  »•  toiler^,  arc  iiMinlly  ri  a  li  i  t"  >!.  «  !.  !  if'ii.pf  led  at  their  hiwer  ends.  They  sfan-l 
at  i;  in  str-ps,  ].as-  at  r  t!;n  v  jli  a  l>:a^v  Lnsli  or  n-ilel  which  keeps  them  uprinht.  and 
revolve  wiih  reinarKahlc  >\\rrx\  upon  tl.elr  avo.  The  bobbins  A,  destine<l  to  inke  «p  the 
yarn  as  it  is  si)iin,  jfre  slurK  loo^i.-ly  upon  ih*-  s;. indies,  and  rest  independently  ol*  the 
rotation  of  the  >pind!i  s  upon  the  coppinsr  b*  am  /,  with  a  leathei  washer  between.  ri>on 
liie  lop  of  the  spindlt  s  an  iron-wire  fork,  called  a  fly  or  flier,  i,  k,  is  made  fast  hy  a 
h'ft-hand  screw,  and  l"\s  one  of  its  furks  turned  round  at  the  end  into  a  little  rinc. 
The  ]i:anch  of  the  fli»-r  at  /  is  tubular,  to  allow  the  thread  to  pass  ihrourh,  and  to 
t-raj)!.'  by  a  litilc  hole  at  its  «>ide,  in  ordf  r  to  reach  the  eyelet  at  the  end  of  that  fork. 
rn.v.i  li.is  f'yeh  t  /,  it  proceeds  directly  to  ihr-  li.,l.bin.  By  the  twirlinc  of  the  spinillei 
the  twi^liui:  of  the  portion  of  thread  belwrrn  the  front  roller  d  and  the  nozzle  / 
effected.  TIk;  windinc-on  takes  place  in  the  follnwinsr  way; — Since  the  bobbin  has  W 
f)?lier  connexion  with  the  spindle  than  that  tf  the  tl.r'  ad,  it  would,  but  for  it,  remain 
entirely  motionless,  relatively  to  the  spindle.  But  the  bobbin  is  pulled  after  it  by  the 
t'irend,  so  that  it  must  folhtw  the  rotation  of  the  spindle  and  fly.  When  we  consider 
that  the  thread  is  pinched  by  the  front  roller  r/,  and  is  thereby  kept  fully  upon  the 
stretch,  we  perceive  that  the  rotation  of  the  bobbin  must  he  the  result.  Suppose  no* 
the  tension  to  be  suspended  for  an  instant,  while  the  rollers  d  deliver,  for  example,  one 
inch  of  yarn.  The  inertia  or  weight  of  the  bobbin,  and  its  friction  upon  the  coppifl? 
beam  /,  by  means  of  the  leather  washer,  will,  under  this  circumstance,  cause  the  bobbin 
to  hang  back  in  a  state  of  rest,  till  the  said  inch  of  yarn  be  wound  on  by  the  whirliBj 
of  the  fly  /,  and  the  former  tension  be  restored.  The  delivery  of  the  yarn  by  the  drawia? 
rollers,  however,  does  not  lake  place  inch  after  inch,  by  starts,  but  at  a  certain  continu- 
ous rate ;  from  whence  results  a  continuous  retardation  or  loitering,  so  to  speak, 
bobbins  behind  the  spindles,  just  to  such  an  amount  that  the  delivered  yam  is  wwmdop 
at  the  same  lime  during  the  rotation. 

This  process  in  spinning  is  essentially  the  same  as  what  occurs  in  the  fine  bobbin 
and  fly  frame,  but  is  here  simplified,  as  the  retardation  regulates  itself  according  ^ 
Jhe  diameter  of  the  bobbin  by  the  drag  of  the  thread.    In  the  fly  frame  the  employinO^ 
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oftbb  tensioa  is  impossible,  because  the  roving  lias  too  little  cohesion  to  bear  the  strain ; 
jud  hence  it  is  necessary  to  give  the  bobbins  that  independent  movement  of  rotation 
which  80  complicates  this  machine. 

The  up  and  down  motion  of  the  bobbins  along  the  spindles,  which  is  required  fbr 
the  equal  distribution  of  the  yarn,  and  must  have  the  same  range  as  the  length  of  the 
bobbin  barrels,  is  performed  by  the  following  mechanism.  Every  copping  rail,  /,  is 
made  fast  to  a  bar  m,  and  thb,  which  slides  in  a  vertical  groove  or  slot  at  the  end  of 
the  frame,  is  connected  by  a  rod  it,  with  an  equal-armed,  moveable  lever  o.  The  rod  p 
carries  a  weight  r,  sospended  from  this  lever ;  another  roid,  g,  connects  the  great  lever  o 
with  a  smaller  one  #,  t,  upon  which  a  heart-shaped  disc  or  pulley,  it,  works  from  below 
at  /.  By  the  rotation  of  the  disc  u,  the  arm  /,  being  pressed  constantly  down  upon  it  by 
the  reaction,  the  weight  r  must  alternately  rise  and  fall ;  and  thus  the  copping  rail  /  must 
obvioasly  move  with  the  bobbins  A  up  and  down ;  the  bobbins  npon  one  side  of  the  frame 
rising,  as  those  upon  the  other  sink.  Strictly  considered,  this  copping  motion  should 
beosne  slower  as  the  winding-on  proceeds,  as  in  the  fly  roving  frame ;  but,  on  account 
of  the  smailness  of  the  finished  thread,  this  construction,  which  would  render  the 
machine  complicated,  is  without  incunvenience  neglected,  with  the  result  merely  that  the 
coils  of  the  yarn  are  successively  more  sparsely  laid  on,  as  the  diameter  of  tlie  bobbin 
increases. 

The  movement  of  the  whole  machine  proceeds  from  the  shaf\  of  a  horizontal  drum, 
which  drives  the  spindles  by  means  of  the  endless  bands  x  x.  Each  spindle  is  mounted 
with  a  small  pulley  or  wharf,  tr,  at  its  lower  part,  and  a  particular  band,  which  goes 
round  that  wharf  or  whorl,  and  the  drum  y.  The  bands  are  not  drawn  tense,  but  hang 
down  in  a  somewhat  slanting  direction,  being  kept  distended  only  by  their  own  weight. 
Thus  every  spindle,  when  its  thread  breaks,  can  readily  be  stopped  alone,  by  applying  a 
slight  pressure  with  the  hand  or  knee,  the  band  meanwhile  gliding  loosely  round  the  whorl. 

The  velocities  of  rotation  of  the  three  drawing  rollers  are,  according  to  this  arrange- 
ment, in  the  proportion  of  1  ;  1^  :  8;  and  as  their  diameters  are  the  same,  namely,  one 
inch,  the  elongation  of  the  yarn  in  spinning  is  eight-fold.  If,  for  example,  the  roving 
was  of  the  number  4^,  the  yarn  would  become  No.  36.  The  extension  of  the  thread 
may  be  changed  by  changing  the  wheels  of  the  drawing  rollers.  To  perceive  the  power 
of  this  change,  let  us  put,  for  example,  in  the  place  of  the  18-toothed  wheel  of  the  back 
rollers,  a  wheel  with  16  teeth ;  we  shall  find  that  the  elongation  will  amount,  in  that 
case,  only  to  7^  limes,  whence  the  number  of  the  yarn  would  come  out  32  =  7i  X  4J. 
The  extension  by  the  throstle  is  extremely  various :  it  amounts,  in  some  cases,  to  only  4 
times;  at  others  to  10,  12,  or  even  15. 

The  copping  motion  of  the  bobbins  is  produced  in  consequence  of  a  bevel  pinion  work- 
ing in  a  small  bevel  wheel  upon  an  upright  shaft;  while  this  witeel  gives  a  slow  motion 
by  means  of  a  worm  screw  to  the  wheel  of  the  heart-shaped  pulley  tt,^g.  345. 

345  The  driving  pulley  makes  about  600 

turns  in  a  minute ;  and  as  the  diameter  of 
the  drum  y,  Jig,  345,  is  six  times  the  di- 
ameter of  the  spindle  wharves  w,  it  will 
give  3()00  turns  to  the  spindle  in  that  time. 
If  the  pulley  be  driven  faster,  for  example, 
700  limes  in  a  minute,  it  will  increase  the 
revolutions  of  the  spindles  to  4200.  The 
degree  of  twist  which  will  be  thereby  im- 
parted to  the  yarn,  depends,  with  like  speed 
of  spindles,  upon  the  rate  at  which  the  soft 
yarn  is  delivered  by  the  drawing- rollers ; 
for  the  quicker  this  delivery  the  quicker  is 
the  winding-on,  and  the  less  twist  goes  into 
a  given  length  of  yarn.  If,  for  example, 
the  front  rollers  d  turn  24  times  in  a 
minute,  giving  out  of  course  72  inches  of 
yam  in  this  time,  upon  which  the  3600 
revolutions  of  the  spindle  are  expended, 
there  will  be  50  twists  to  every  inch  of 
yarn.  By  changing  the  wheel-work  of 
fig.  345,  or  by  sticking  greater  or  smaller  wharves  upon  the  spindles,  the  proportion  be- 
tween their  velocity  and  that  of  t|ie  drawintc  rollers,  and  thence  the  degree  of  twist,  can 
be  modified  at  pleasure. 

The  number  of  spindles  in  a  throstle  frame  12  feet  long  is  about  60  on  each  side. 
The  drawing  rollers  arc  coupled  together  as  in  the  bobbin  and  fly  frame,  so  that  each 
raw  fbnns  pne  continuous  cylinder.  There  is  a  complete  roller  beam  on  each  side; 
each  of  the  rollers  of  the  front  row  is  pressed  bv  its  top  rollers  with  a  weight  of  ten  04 
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twelve  pounds ;  but  Uiose  of  the  middle  and  back  rows  bear  weights  of  only  one  ponnd. 
In  the  throstles,  there  is  a  guide  bar  whicli  traverses  a  small  way  horlEontaUy  to  the  left 
and  light,  in  front  of  the  roller  beam,  to  lead  the  thread  along  different  pointa  of  the 
rollers,  and  thus  prevent  the  leather  of  the  top  ones  from  being  groorixl  by  its  i 
pressure  in  one  line. 

For  the  service  of  240  spindles,  in  two  double  frames,  one  yonng  woman  and  mn  t 
ant  piecer  ore  sufficient.   They  mend  the  broken  ends,  and  replace  the  empty  1 
in  the  creel  with  full  ones,  and  the  full  bobbins  of  the  throstle  by  empty  oaea 
avenuzc  quantity  of  yam  turned  off  in  a  week  of  69  honrs  is  about  24  banks  per  i 

of  30  s  twist.   Throstle  yarn  is  of  a  firm  wiry  quality,  adapted  to  the  warps  of  fi  

and  other  strong  stufls,  as  well  as  to  the  manufacture  of  stockings  and  sewing  thr^. 

There  are  many  modifications  of  the  throstle  s>'stem  besides  the  one  above  descrM; 
the  most  celebrated  of  which  are  Danforth's,  called  the  American  throstle,  MontgomeiyX 
and  Gore's.  I  must  refer  for  an  account  of  them  to  my  work  entitled  The  Cotton  Ma- 
nufacture of  Great  Britain,*'  where  they  are  minutely  described  and  illustrated  vilk 
accurate  figures. 

Mule-spiunin^, — The  general  principles  of  the  mule  have  been  already  stated.  Thii 
machine  is  so  named  because  it  is  the  oflspring,  so  to  speak,  of  two  older  machines,  the 
jenny  and  the  water-frame.  A  mule  is  mounted  with  from  240  to  1000  spindles,  asd 
spins,  of  course,  as  many  threads. 

Fig.  346  represents  the 
original  jnmy  of  Hir- 
346  ^  X.  I  "./^  greaves,  by  which  one 

*    ^  '  ^  ^  person  was  enabled  to 

spin  from  16  to  40  threads 
at  once.  The  soft  cords 
of  rovincs  wound  in  dou- 
ble conical  cops  npoa 
skewers  were  placed  io 
the  inclined  frame  at  c; 
the  spindles  for  first 
twisting  and  then  wind- 
ing-on  the  spun  yam 
were  set  upright  in  steps 
and  bushes  at  a,  being 
furnished  near  their  lower 
ends  with  whorls,  and  rndless  cords,  which  were  driven  by  passing  round  the  lone- 
revolving  drum  of  tin  plate  e.  n  is  the  clnsp  or  clove,  havin?  n  handle  fur  liftine 
its  upper  jaw  a  liitlc  way,  in  order  to  allow  a  few  inches  of  the  soft  roving  to  be 

intHKlnced.     The  com- 
pound clovo  D  beinc  now 
pushed  forwanl  upon  it« 
friction  wheels  to  a,  was 
next    gradually  drawn 
backwani,  while  the  spin- 
dles were  made  to  revolve 
wiih  proper  speed  by  the 
right  hand  of  the  opera- 
tive  turning  the  fly-wheel 
B.  Whenever  one  iirttd 
was  thereby  spun,  the 
clove   frame   was  slid 
home  towards  a;  the 
spindles  being  simulta- 
neously whirled  slowly 
to  take  up   the  fwn, 
which  was  laid  on'int 
conical  cop  by  the  dse 
depression  of  the  iti^ 
wire  at  a  with  the  spis- 
ner's  left  hand. 

Fig.  347  is  a  dit?rt» 
of  Arkwright*s  oriirisil 
teater  -  frame  spinniBg 
machine,  called  aAe^ 
wards  the  water -tvi^ 
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frame.  The  roYings  mounted  upon  bob- 
bins ia  the  creel  a  a,  hare  their  ends  led 
through  between  the  three  sets  of  twin 
rollers  below  b  b,  thence  down  through 
the  eyelet  hooks  upon  the  end  of  the  fliers 
of  the  spindles  c,  and  finally  attached  to 
their  bobbins.  The  spindles  being  driven 
by  the  band  d  d  upon  their  lower  part,  con- 
tinuously twist  and  wind  the  finished  yam 
npon  the  bobbins;  constituting  the  first 
unremitting  automatic  machine  foi  spinning 
which  the  world  ever  saw. 

Contrast  with  the  above  admirable  sys- 
tem, the  primitive  cotton  wheel  of  India,  at 
represented  in  the  annexed  figure  348.  By 
the  aid  of  mechanical  fingers,  one  English- 
man at  his  mule  can  turn  ofi"  daily  more 
yarn  and  of  for  finer  quality  than  200  of 
be  most  diligent  spinsters  of  Hindostan. 

Fig.  349  is  a  transverse  section  of  the  mule,  in  which  its  principal  parts  are  shown* 


The  machine  consists  of  two  main  parts ;  a  fixed  one  corresponding  in  some 
%tfe  IP  the  water-frame  or  throstle,  and  a  moveable  one  corresponding  to  the  jenny. 
The  first  eontains  in  a  suitable  frame  the  drawing  roller-beam  and  the  chief  moving 
Hmcbinery :  the  second  is  called  the  ciu-riage,  in  which  the  remainder  of  the  moving 
l^trliiniirm  and  the  spindles  are  mounted. 

The  frame  of  the  fixed  part  consists  of  two  upright  sides,  and  two  or  more  intermediate 
trwf bearings,  upon  which  the  horizontal  roller  beam  a,  the  basis  of  the  drawing  rollers 
6  Mpported.  6,  c,  are  the  three  ranges  of  fluted  iron  rollers ;  e,  /,  g,  are  the  upper  iron 
««lkn  covered  with  leather ;  A,  the  wooden  wiper-rollers  covered  with  flannel,  wliidi 
Wing  oeeastonally  rubbed  with  chalk,  imparts  some  of  it  to  the  pressure  rollers  beneatl^ 
M  M  to  jrsvent  the  cotton  filaments  adhering  to  them.  The  rollers  are  made  thrmi^ 
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out  the  whole  lengtli  oP  the  mule  in  portions  coniaiaing  six  flutings,  which  are  eoapled 
together  by  j/iuared  ends  litted  into  square  holes. 

The  skewers  upon  which  the  bobbins  contniuing  the  rovings  from  the  bobbin  tod  If 
or  stretching  frame  are  set  up,  are  seen  at  a»,  ai,  a»,  arranged  in  three  rowi  in  tfce 
creel;.  The  soft  threads  unwound  fiom  these  bobbins,  in  their  way  to  the  dimvioc 
<*ollers,  pass  first  through  eyelets  in  the  ends  of  the  wire  arnis  6*,  then  throagh  the 
rings  or  ejes  of  the  cuide  bar  an.l  enter  between  the  back  pair  of  roUen.  Ike 
number  of  thi^e  bobbins  is  e<iunl  to  the  number  of  spindles  in  the  mule,  and  twieeu 
great  as  the  number  of  fluted  portions  of  the  rollers;  for  two  threads  are  awignedlo 
each  portion. 

The  can  inge  consists  of  two  cast-iron  side  pieces,  and  several  cast-iron  inlermediide 
similar  pieces,  such  as  which  all  tou'ethcr  are  made  fast  to  the  planks  tft,  c^dK  The 
top  is  covered  in  with  llie  plank  hi.  The  cai  riase  runs  by  means  of  its  cast-iron  sraoid 
wheels,  upon  the  cast-iron  railway     which  is  fixed  level  on  the  floor. 

The  spindles  stand  upon  the  cnniaLT  in  a  frame,  which  consists  of  two  slant  nOixi^ 
2^y  connected  by  two  slen.ler  nnU  yij  nnil  which  frame  may  \ye  set  more  or  less  obliqnelj. 
The  lower  rail  carries  the  brass  steps  fi.r  th'*  points  of  the  spindles  63;  upon  the  upper 
rail  brass  slips  are  fixed  pierced  with  Imles  through  which  the  tops  of  the  spindles  pky. 
The  spindles  are  as  usual  made  of  j«teel,  perfectly  straight,  turned  truly  round,  and  tie 
all  arranged  in  one  plane.  To  each  of  them  a  small  wooden  or  cast-iron  whorl  p  is 
made  fast.  They  are  (!i?aributed  into  uronp^  of  '2\,  and  the  whorls  aie  arranged  it 
such  dilferent  heights,  that  only  two  of  them  in  rach  'j:roup  are  upon  n  level  with  nek 
other.  A  small  brass  head  wliicli  every  spindle  ha^  beneath  the  upper  slant  rail  uf 
the  frame  x2,  prevents  tiieir  &>ilting  down  into  the  step,  during  their  rotatioD,  oi 
sliding  ofl'  their  cop  of  yarn. 

c3  are  drums,  inountiNl  in  the  carriage  in  a  plane  at  risht  ancles  to  the  plane  in 
which  the  spindks  are  placed.  At  top  they  have  a  double  groove  fur  a  cord  lo  rnn 
in,  and  the  motion  which  they  leceive  from  the  great  fly  wheel,  or  rim  of  the  male  (not 
visible  in  this  view)  they  impart  to  the  spindles.  Such  a  drum  is  assigned  to  every  24 
spindles ;  and  therefore  a  mule  of  -180  spindles  contains  20  drums.  In  the  middle  of 
the  carriage  is  seen  the  horizontal  pulh'y  furnished  with  three  groove^  which  stands 
in  a  line  with  the  drums  cs. 

The  motion  is  civen  to  the  drums  f3,  upon  the  right  hand  half  of  the  carriage,  by  a 
single  endifss  band  vt  cord  which  proceeds  from  the  middle  groove  of  the  pulley  i3. 
The  rotation  of  ihr  spindl(;s  is  i^rodiiccd  l)y  a  slender  cord,  of  which  there  are  12  upon 
each  drum  c'^i  b'  cnuse  every  sucli  cord  gof  s  nnind  the  drum,  and  also  every  two  wharrrs 
whii'h  slanil  at  the  snine  levi  1  uj  un  thv  vjMiidlrs.  It  is  obvious  that  the  drums,  and 
con««eqnenlly  the  spindles,  must  continue  lo  rrvidve  as  lonjr  as  the  main  rim  of  the  mule 
is  tnrnf'd,  whether  the  cnrrinije  be  at  rest  or  in  mntion  iip«Mi  it^  railway. 

If  we  suppose  the  carriauc  to  be  run  in  to  its  slandinir  point,  or  to  be  pushed  home 
to  the  spot  from  which  it  starts  in  spinning,  its  back  plank  ih  will  strike  the  post  9) 
upon  the  fixcil  frame,  and  the  i)oint5  of  the  spindles  will  be  close  in  front  of  the  roller 
beam.  The  rollers  now  begin  to  turn  and  to  deliver  threads,  which  receive  immediately 
a  portion  of  thrir  twist  from  the  f^iindles;  the  carrinsre  retires  from  the  roller  beam 
with  somewhat  greater  si)eed  than  the  surface  speecl  of  th<?  front  rollers,  whereby  the 
threads  receive  a  certain  dej^ree  of  stretching,  which  alfects  most  their  thicker  and  less 
twisted  portions,  and  thereby  contribute^s  greatly  to  the  levelness  of  the  yarn.  When 
the  carriage  has  run  out  lo  the  end  of  its  course,  or  has  completed  a  stretch,  the  fluted 
rollers  suddenly  cease  to  revolve  (and  sometimes  even  beforehand,  when  a  second 
stretch  is  to  be  made),  but  the  spindles  continue  to  whirl  till  the  fully  extended  threads 
have  received  the  proper  second  or  after-twist.  Then  the  carriage  must  be  put  up,  or  mo 
back  towards  the  ndb'rs,  and  the  threads  must  be  wound  upon  the  spindles. 

This  is  the  order  of  movements  which  belong  to  the  mule.  It  has  been  shown  how 
the  rotation  of  the  spindles  is  produced. 

For  winding-on  the  yarn  the  carriage  has  a  peculiar  apparatus,  which  we  shall  now 
describe.  In  front  of  it,  throuuh  the  whole  extent  to  the  rii^ht  hand  as  well  as  the  left, 
a  slender  iron  rod,  runs  horizontally  alon?,  in  a  line  somewhat  higher  than  the  mid- 
dle of  the  copping  portion  of  the  spindles,  and  is  supported  by  several  prop?,  such  as 
e«.  Upon  each  end  of  the  two  rods,  /is,  there  is  an  arm,  gs ;  and  betwixt  these  arms  an 
iron  wire,  called  the  copping  wire,  /S,  is  stretched,  parallel  with  the  rod  rfs.  For  the 
support  of  this  wire,  there  arc  several  slender  bent  arms  ha  extended  from  the  rod  d» 
at  several  points  betwixt  the  straight  arms  gs.  The  rod  da  has,  besides,  a  wooden 
handle  at  the  place  opposite  to  where  the  spinner  stands,  by  which  it  can  be  readily 
grasped.  This  movement  is  applied  at  the  left  division  of  the  machine,  and  it  b  com- 
■innicated  to  the  riirht  by  an  apparatus  which  resembles  a  crane's  bill.  The  two  arms, 
gfl,  in  the  middle  of  the  machine,  project  over  the  rods  rfs,  and  are  connected  by  hinges 
with  two  vertical  rods  js,  which  hang  together  downwards  in  like  manner  with  two  arms 
iff  proceeding  from  a  horizontal  axis  ks. 
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Bf  means  of  thnt  apparalns  the  yam  is  wound  upon  the  spinrlles  in  the  followinfr 
■uner.  As  kmg  as  the  stretching  and  twistine  go  on,  the  threads  form  an  obtuse  angle 
with  Che  spindles,  and  thereby  slide  continually  over  their  soK>oth  rounded  tips  during 
tbfir  revolution,  without  the  possibility  of  coiling  upon  them.  When,  however,  the  spin- 
■iBf  process  is  completed,  the  spinner  seizes  the  carriage  with  his  leA  hand  and  pushes 
il  back  towards  the  roller  beam,  while  with  his  right  hand  he  turns  round  the  handle  of 
the  rim  or  fly  wheel,  and  consequently  the  spindles.  At  the  same  time,  by  means  of 
the  handle  upon  the  rod  ds,  he  moves  the  copping-wire  fa,  so  that  it  presses  down  nil  the 
threads  at  once,  and  places  them  in  a  direction  nearly  perpendicular  to  the  spindles ; 
as  shown  by  the  dotted  line  ys.  That  this  movement  of  the  copping  wire,  however,  may 
lake  place  withoot  injury  to  the  yarn,  it  is  necessary  to  turn  the  rim  beforehand  a  little 
in  the  opposite  direction,  so  that  the  threads  may  gel  uncoiled  from  the  upper  imrt  of  the 
ipindles,  and  become  slack ;  an  operation  called  in  technical  language  the  backing  off. 
The  ranire  npon  which  the  threads  should  be  wound,  in  order  to  form  a  conical  cop  upon 
the  spindle,  is  hit  by  depressing  the  copping  wire  to  various  angles,  nicely  graduated  by 
an  experienced  eye.  This  faller  wire  alone  is  not,  however,  sufficient  for  the  purpose  of 
winding-on  a  seemly  cop,  as  there  are  always  some  loose  threads  which  it  cannot  reach 
without  breaking  others. 

Another  wire  called  the  count er-falkr,  Is,  must  be  applied  undor  the  threads.  It  may 
he  raised  to  an  elevation  limited  by  the  angular  piece  ps  ;  and  is  counterpoised  by  a  very 
light  weight  mfi,  applied  through  the  bent  lever  n^,  which  turns  upon  the  fulcrum  os. 
This  wire,  which  applies  but  a  gentle  pressure,  gives  tension  to  all  the  threads,  and 
brines  them  regularly  into  the  height  and  ranije  of  the  faller  /«.  This  wire  must  be 
mised  once  more,  whenever  the  carriage  approaches  the  roller  beam.  At  this  instant  a 
■ew  stretch  commences ;  the  rollers  beein  again  to  revolve,  and  the  carriage  resumes  its 
ibrmer  course.   These  motions  are  performed  by  the  automatic  machinery. 

There  is  a  little  eccentric  pulley  mechanism  for  moving  the  guide  beam  to  and  frc 
with  the  soft  yarns,  as  they  enter  between  the  back  rollers.  On  the  richt  hand  end  of 
the  back  roller  shaft,  a  worm  screw  is  formed  which  works  into  the  oblifjue  teeth  of  a 
piaion  attached  to  the  end  of  the  guide  beam,  in  which  there  is  a  series  of  holes  for  the 
pas«affe  of  the  threads,  two  threads  being  assigned  to  each  fluted  roller.  In  the  flat  disc 
of  the  pinion,  an  eccentric  pin  stands  up  which  takes  into  the  jointed  lever  upon  the  end 
of  the  guide  beam,  and,  as  it  revolves,  pushes  that  beam  alternately  to  the  left  and  the 
right  by  a  space  equal  to  its  eccentricity.  This  motion  is  exceedincly  slow,  since  foi 
etch  revolution  of  the  back  roller,  the  pinion  advances  only  by  one  tooth  out  of  the  33 
which  are  cat  in  its  circumference. 

After  counting  the  number  of  teeth  in  the  different  wheels  and  pinions  of  the  mule,  or 
aeasuring  their  relative  diameters,  it  is  easy  to  compute  the  ^tension  and  twist  of  the 
yirn« ;  and  when  the  last  fineness  is  given  to  ascertain  their  marketable  value.  Lrt  the 
lalio  of  speed  between  the  three  drawing  rollers  be  1  :  1^^«  :  7| ;  and  the  diameter  of  the 
btek  and  middle  roller  three  quarters  of  an  inch  :  that  of  the  front  roller  one  inch ;  in 
vfatrh  case  the  drawing  is  thereby  increased  Ji  times,  and  7^  X  li  =  10.  If  the  ruvlngi 
in  the  creel  bobbins  have  been  No.  4,  the  yarn,  after  passing  through  the  rollers,  will  be 
No.  40.  By  altering  the  chanre  pinion  (not  visible  in  this  view)  the  fineness  may  be 
chanffd  within  certain  limits,  by  altering  the  relative  speed  of  the  rollers.  For  one  revo- 
hrtion  of  the  great  rim  or  fly  wheel  of  the  mule,  the  front  roller  makes  about  6  tenths  of 
ttam,  and  delivers  therefore  22*6  lines  or  12ths  of  an  inch  of  yarn,  which,  in  conse- 
qnence  of  the  tenfold  draught  through  the  rollers,  corresponds  to  2*26  lines  of  roving  fed 
IB  at  the  back  rollers.  The  spindles  or  their  whorls  make  about  6(>  revolutions  for  one 
tarn  of  the  rim.  The  pulleys  or  grooved  wheels  on  which  the  carriage  runs,  perform 
4^107  part  of  a  turn  while  the  rim  makes  one  revolution,  and  move  the  carriage  24*1 
liaes  npon  its  rails,  the  wheels  being  6  inches  in  diameter. 

The  lines  of  soft  yarn  delivered  by  the  front  rollers  will  be  stretched  1)  lines 
by  the  carriaire  advancing  24*1  lines  in  the  same  time.  Let  the  length  of  the  railway, 
or  of  each  stretch,  be  5  feet,  the  carriage  will  complete  its  course  after  30  revolutions  of 
the  rim  wheel,  and  the  5  feet  length  of  yarn  (of  which  56)  inches  issue  from  the  drawing 
laller*,  and  3)  inches  proceed  from  the  stretching)  is,  the  simultaneous  whirling  of 
the  spindles,  twisted  1980  times,  being  at  the  rate  of  33  twists  for  every  inch.  The 
neottd  twist,  which  the  threads  receive  after  the  carriase  has  come  to  repose,  is  regn- 
Itted  according  to  the  qnalitv  of  the  cotton  wool,  and  the  purpose  for  which  the  yam  is 
ipaa.  For  warp  yarn  of  No.  40  or  50,  for  example,  6  or  8  turns  of  the  rim  wheel,  that 
is  from  396  to  528  whiris  of  the  spindles  for  the  whole  stretch,  therefore  from  7  to  9 
twirts  per  inch  will  be  soflicient.  The  finished  yam  thus  receives  from  40  to  42  twists 
ycrineh. 

One  spianer  attends  to  two  mule<«,  which  face  each  other,  so  that  he  needs  merely 
m  reand  in  the  spot  where  he  stands,  to  find  hims«>lf  in  the  proper  {woition  for  the 
dher  mole.   For  this  reason  the  rim  wheel  and  handle,  by  which  he  operates,  are  not 
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placed  in  the  middle  of-  the  length  of  the  machine,  but  about  two  fifths  of  the  icpindlo 
are  to  the  rif:ht  hand  and  three  fifths  to  the  left;  the  rim  wheel  beinp  towards  his  rigbt 
hand.  The  cnrria:ro  of  the  one  mule  is  in  the  act  of  i^ing  out  and  spinning^  while  ttel 
of  the  other  is  Gni>hini;  its  twist,  and  bein?  put  \ip  by  the  spinner. 

The  quantity  of  yarn  manufactured  by  a  mule  in  a  given  time,  depends  diredlf 
upon  \hv  number  of  the  spindles,  ami  upon  the  lime  taken  to  complete  every  strelchcf 
the  cnrrince.  IVInny  circumstances  have  an  indirect  influence  upon  that  quantity,  airi 
paiticuliirly  the  deirrre  of  skill  p(issr?scd  by  the  spinner.  The  better  the  machine,  the 
stendior  uud  sc-Hlt  al!  i^s  pans  irvolve,  the  b«*tter  and  more  abundant  is  its  prodactim. 
When  the  toothfd  whrds  do  not  work  truly  into  their  pinions,  when  the  spindles  shtke 
in  their  bushes,  f  r  nre  not  accu;ntely  m.nle,  mnny  threads  break,  nnd  the  work  ii 
much  injtired  and  relar.ltd.  The  better  the  staple  of  the  cotton  wool,  and  the  ma* 
careful  Ims  Iwcn  its  preparation  in  the  cardins:,  drnwin?,  and  roving  process€»}',  the  man 
easy  and  e}ccelN.nt  the  spinnin?  will  become  :  warmth,  dryness,  cr>ld,  and  moiitiire 
have  !7reat  influence  on  the  ductility,  so  to  speak,  of  Cdtton.  A  temperature  of  6y  F., 
with  an  atmosphere  not  too  arid,  is  found  most  suitable  to  the  operations  of  a  spiDDiii 
mill.  The  finer  the  yarn,  the  slower  is  the  spinninsr.  For  numbers  from  20  to  3^ 
from  2  to  3  slreiclirs  of  warp  may  be  made  in  a  minute,  and  nearly  3  stretches  of  weft; 
for  nun;ber>  alwve  50  up  to  100,  alwul  2  stretches ;  and  for  numbers  from  100  to  150, 
one  St:  etch  in  the  minute.  i>till  finer  yarns  are  spun  more  slowly,  which  is  not 
wonderful,  since,  in  the  fine  spinninsr  mills  of  Kneland,  the  mules  usually  cQDtni 
upwards  of  500  spindles  each,  in  order  that  one  operative  may  manasre  a  $nreat  nnmber 
of  them,  and  thereby  earn  such  high  wages  as  shall  fully  remunerate  his  assidoitr 
and  skill. 

In  spinninij  fine  nuujbers,  the  second  speed  is  civen  before  the  earriace  is  run  oat  to 
the  end  of  iis  railway  ;  durint  which  course  of  about  six  inches,  it  is  made  to  move  my 
slowly.  This  is  called  the  second  stretch,  and  is  of  use  in  making  the  yarn  level  by 
drawing  down  the  thicker  parts  of  it,  which  lake  on  the  twist  less  readily  than  the 
thinner,  nnd  then  fore  rrniain  softer  and  more  extensible.  The  stretch  may  therefore 
be  divided  into  three  stnces.  The  carria«^e  fir«it  moves  steadily  out  for  about  4  feel, 
while  the  drawing  ndleis  and  spindles  are  in  full  play;  now  the  rollers  stop,  but  the 
spindUs  CO  on  whiilinj*  with  accelerated  speed,  and  the  carrinee  advances  slowly  ahont 
6  inchfs  !r>ore;  then  it  also  comts  to  rest,  while  the  spindles  continue  to  re^'olvc  fori 
little  lon£;rr,  to  cive  the  final  d<-2'r»^e  of  twist.  The  acceleration  of  the  spindles  in  the 
second  nntl  tiiird  staiies,  which  hsis  no  othrr  object  but  to  save  time,  is  eflectcd  by  i 
mechani^t^  call''«l  the  »  om/i/o,  wliii  h  shirts  the  drivinc  band,  nt  the  pn^per  time,  upon  ih? 
loose  ]iiilU'y,  and.  inorccner,  a  socoitd  hand,  which  had,  till  now,  lain  upon  its  loose  pul- 
ley, v.\um  a  smnll  drivinir  piill'-y  of  the  ririj->hart.  At  length,  both  bands  are  shirte-d  upoD 
their  looso  pulleys,  and  the  rnulr  Ci)rnes  to  a  >tate  of  quiescence. 

The  SI  I  K-ACTOR  MI  LK,  or  the  iiwin  .m\n,  as  it  has  been  called  in  Lancashire,  is  an 
invention  to  which  the  coinhinaiions  ainone  the  oprralive  spinners  obliged  the  roasters 
to  have  recourse.  It  now  spins  ^ood  yarn  up  to  4()s  with  sreat  uiiifi»rmity  anJ 
promptitude,  and  requires  nuly  juvi  nile  hands  to  conduct  it,  to  piece  the  broken  yarn?, 
to  reidare  the  b<  bbiiis  of  ro\in;.'s  in  the  creel,  and  to  remove  the  finished  cops  from  ihf 
spindles. 

The  s«  If-nctinsr  mule's  were  first  constructed.  I  believe,  by  ISfes^rs.  Eaton,  formerly  of 
Manchester,  who  mounted  ten  or  twelve;  of  them  in  that  town,  f»»nr  at  \Viln,  in  Derby- 
shire, and  a  few  in  Tiance.    IVom  their  threat  coinpleNiiy  and  small  prcKiuctivenes*:,  the 
whole  were  s<jf.n  relinf|ui«jhed,  except  those  nt  Wiln.    M.  de  Jon?  obtained  two  patents 
for  solf-aclinc;  !iiuk«i.  and  put  twelve  of  lliem  in  (operation  in  a  mill  nt  Warrinston,  of 
which  he  was  ])ait  proprietor;  but  with  an  unsuccrs'^rul  result.    I  saw  the  dt'br  is  of  one- 
of  M.  dc  Jonii'x  s'  lf-actdis  in  the  faclcry  of  M.  Nichidas  Scliluinbercer,  al  Guebwiller  - 
in  Alsace,  where  the  machine  had  been  wtuked  for  three  m(mths,  without  advantage  — 
under  the  care  of  the  inventor,  who  is  a  native  of  that  valley. 

Th(!  first  approximation  to  a  Miccessful  accomplishment  of  the  objects  in  view,  was  ar^i 
invention  of  a  self-aclinir  mule,  by  Mr.  Ruberis,  of  Manchester;  one  of  the  principt- ^ 
points  of  M'hich  was  the  mode  i>f  covernincr  the  windint'-on  of  the  yarn  into  the  form  off"  " 
a  cop  :  the  entire  novelty  nnd  crcat  inuenuity  of  which  invention  was  universally  admit  - 
ted,  and  proved  the  main  step  to  the  final  accomplishment  of  what  had  so  long  heen^^ 
desideratum.  For  that  invention  a  patent  was  obtained  in  and  several  headstocki^^ 
upon  the  principle  were  made,  which  are  still  workinv:  successfully. 

In  1«30,  ]Mr.  Koberts  obtained  a  patent  for  the  invention  of  certain  improvements 
and  by  a  combination  of  both  his  inventions,  he  produced  a  self-actinif  mule,  which 
generally  admitted  to  haA'e  exceeded  the  most  sansuine  expectations,  and  which  has  beeC^ 
extensively  adopted.  There  are  probably,  at  present,  upwards  of  half  a  million  of  spin—  J 
dies  of  Messrs.  Sharp,  Roberts,  and  Co.-s  construction,  at  work  in  the  United  Kingdom  ^ 
and  civinc  great  satisfaction  to  their  possessors.  The  advantages  of  these  self-actor^^ 
are  the  following : — 
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aving  of  a  spinner's  ^ges  lo  each  pair  of  mules,  pieeers  only  being  reqaired, 
Yerlooker  is  sufficient  to  manage  six  or  eight  pairs  of  mules.  The  production 
Iter  quantity  of  yarn,  in  the  ratio  of  from  15  to  20  per  cent.  The  yam  pos- 
more  uniform  degree  of  twist,  and  is  not  liable  to  be  strained  during  the  spin- 
in  winding-on,  to  form  the  cop;  consequently,  fewer  threadbare  broken  in  these 
!i,  and  the  yarn,  from  having  fewer  piecings,  is  more  regular, 
ops  are  made  firmer,  of  better  shape,  and  with  undeviating  uniformity ;  and,  from 
ore  regularly  and  firmly  wound,  contain  from  one  third  to  one  half  more  yam 
>s  of  equal  bulk  wound  by  hand ;  they  arc  consequently  less  liable  to  ihjnry  in 
or  in  carriage,  and  the  expense  of  packages  and  flreight  (when  charged  by 
ncnt)  is  considerably  reduced. 

the  cops  being  more  regularly  and  firmly  wound,  combined  with  their  superior 
n,  the  yam  intended  for  warps  less  frequently  breaks  in  winding  or  reeling,  con- 
f  there  is  a  considerable  saving  of  waste  in  those  processes, 
lly,  the  advantages  connected  with  weaving. 

»ps  being  more  regularly  and  firmly  wound,  the  yam,  when  used  as  weft,  sel- 
iks  in  weaving ;  and  as  the  cops  also  contain  a  greater  quantity  of  weft,  there 
!r  bottoms,  consequently  there  is  a  very  material  saving  of  waste  in  the  process 
ing. 

those  combined  circumstances,  thi»  quality  of  the  cloth  is  improved,  by  being 
«  from  defects  caused  by  the  breakage  of  the  warp  or  weft,  as  well  as  the  sel- 
ing  more  regular. 

ooms  can  also  be  worked  at  greater  speed ;  and,  from  there  being  fewer  stop- 
greater  quantity  of  cloth  may  be  produced. 

iie  advantasres  thus  CQumcrated,  as  derivable  from  the  use  of  self-acting  mules, 
t  been  overrated,  but,  in  many  instances,  have  been  considerably  exceeded,  I 
extensive  personal  inquiry  and  observation,  had  ample  opportunity  of  ascer- 

lent  of  the  quantity  of  yarn  produced  on  Messrs.  Sharp,  Roberts,  and  Co.'s  self- 
lules,  in  twelve  working  hours,  including  the  usual  stoppages  connected  with 
,  estimated  on  the  average  of  upwards  of  twenty  mills : — 
o.  of  Yarn.  No.  «>f  Twiit.  No.  of  Weft. 

16      -      -      4^  hanks      -      -      4|  hanks  per  spindle. 
24      -      -  ~   4i   —         -      -      4|  — 
32      -      -      4     —         -      -      4f  — 
40      -      -      3»   —         .      -      4i  — 

!  intermediate  numbers  the  quantities  are  proportionate. 

5  of  trials  made  by  Messrs.  Sharp,  Roberts,  and  Co.,  at  various  mills,  to  ascei^ 
comparative  power  required  to  work  self-acting  mules,  in  reference  to  hand- 
kiring  the  spinning,  up  lo  the  period  of  backing  off. 


Particulars  of  the  trials  referred  to,  and  their  results : — 


Mill,  and  the  Deacnpliun  of 
Male. 

No.  and  kind 
of  Yarn. 

2s| 
«l 

■SB 

h 
JJ 

a  h. 

Total  Force 
Employed  in 
Spinning. 

rr*.  Birtey  and  Kirk, 

We/t. 

Ins. 

lbs. 

lbs. 

ing  mule,  360  sps.  -  - 

30  to  34 

12 

58 

30 

5463 

l-mu1e,  180  sps.  -   -  - 

ditto 

15 

36 

26 

3669) 
X2=7338  5 

«.  Leech  and  Vandrey, 

Twist, 

cting  mule,  324  sps.  - 

36 

12 

70 

36 

7912 

Dules,  324  sps.  -   -  - 

36 

29 

58 

16J 

7273 

rrt.  Duckworth  4r  Co, 

Twist. 

ting  mule,  324  sps.  -  - 

40 

12 

62 

33 

6421 

Bule,  324  sps.    -   -  - 

40 

47 

36 

15i 

6646 

lode  adopted  to  make  the  trials  was  as  follows,  viz. : 

«,  indicated  by  weight  in  pounds,  was  applied  to  the  strap  working  upon  the 


iftl  was  disailYanU^eoai  for  the  hand-mnles,  being  two  for  360  apindlei. 

ill  wac  diaadYantageoua  for  the  aelf-aeting  mulw,  beiaff  driTen  by  a  Tery  ihort  and  light  Vf  rtM 
hud-aaoL'  haTing  a  long  horizontal  atrap. 
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driving-pulley  of  ll:e  respoclivc  mules,  snfficieni  to  maintain  the  motion  of  the  ffid*' 
wiiilst  »ipiniiiiii;,  which  weight,  bf'inv  miiltiplietl  by  the  lencth  of  strap  delivered  by  each 
rev(<Iiition  of  Ihc  pulley,  and  asain  by  the  number  of  revolutions  made  by  the  pnlin 
whilst  spinnii:«,  irave  the  total  force  in  ])ounds,  applied  to  the  respective  mulr-s  ubilrt 
^pinninc: ;  for  instan^,  suppose  a  mule  tu  be  driven  by  a  pulley  12  inches  diameter  (3'14 
feet  in  ciiciiinferenc<0,  such  pulley  makin?  58  revolutions  during  the  spinning  as  above, 
and  liint  it  required  a  force  equal  to  30  lbs.  weight  to  maintain  the  motion  of  the  mok. 
Ihe-n  30  lbs.  X  3-14  feel  circuniference  of  pulley  X  58  revolutions  in  spinning  =  5,463  Ibi! 
of  force  employed  durini:  the  spinning,  to  the  period  of  backing  off. 

Mr.  James  Smith,  of  Dennstone  cotton  works  in  Gotland,  obtained  a  patent  for  tkc 
invention  of  a  W/'-fic'or,  in  February,  He  does  not  perform  the  backing-off  bjr 

reversing?  the  rotation  of  the  spindle,  as  in  common  mules,  or  as  in  Mr.  Roberts',  but  bi 
elevating  the  counierfiiller  wire,  which,  beini;  bi*low  the  ends  of  the  yam  or  threid, 
aloni?  the  whole  extent  of  the  carriaire,  thereby  pulls  off  or  strips  the  spiral  coiJs  at  the 
point  of  the  spindle,  instead  of  unwindmg  them,  as  of  old.  This  movement  he  cos- 
siders  to  he  of  creat  importance  towaids  simplifying  the  machiner}'  for  renderinc  the 
mule  sHf-uctin?;  and  the  paiticular  way  in  which  he  brings  the  .stripper  into  actioB  if 
no  doubt  ingenious,  but  it  hns  l>een  supposed  by  many  to  strain  the  yam.  He  claims  v 
his  invent it-n  the  application  and  adaptation  (»f  a  niangle  wheel  or  mangle  rack  to  tke 
mule,  for  eliecting  certain  successive  movements,  either  separately  or  in  conjunction;  lie 
claims  that  arrnni:ement  of  the  carriages  of  a  pair  of  mules,  by  which  the  stretch  is 
caused  to  take  place  over  pnrt  of  the  same  uround  by  both  carriages,  and  thereby  the 
space  required  for  the  workintr  of  the  pair  of  mules  is  i;reutly  dimini.«hed;  and  he  claiios 
the  application  of  a  wei<:ht,  spring,  or  friction,  for  balancing  the  tension  of  the  cods  of 
the  threads. 

A  patent  was  grouted,  in  April,  1835,  to  Mr.  Joseph  Whii worth,  engineer  in  Mti- 
Chester,  for  some  ingenious  imKlilications  of  the  mechanism  of  the  mule,  subservient  to 
automatic  puri)oses.  His  macliinery  is  designed,  fust,  to  traverse  the  carriage  in  and 
oat.  by  means  of  screws  or  worm-shafts,  which  are  placed  so  as  to  keep  the  carriage 
parallel  to  the  drawing  rolh-rs,  and  prevrnt  the  necessity  cf  squarini;  bands,  hiiheito 
universally  employed  :  seojndly,  his  inventit)n  consists  in  an  improved  manner  of  work- 
ing the  druuiS  of  a  self-acting  mule  by  cear;  thirdly,  in  the  means  of  effecting  thf 
backing  off;  fourthly,  in  the  mechanism  for  working  the  faller-wire  in  buikiins 
the  cops;  and  fifthly,  in  th**  appatafus  for  elfectinp  the  windinir  of  the  yarns  «poo 
the  <pin(lli  <i.  As  reiianl*;  th<'  ihrostlrs  and  doubling  frames,  his  improvements  applj; 
first,  to  the  ]i(  cnliar  nu  thnd  of  constructing  and  ad.ipting  the  flyers  and  spindles,  and 
piodnciuc  tli(  drMii ;  and,  secondly,  to  the  nrinngemf  nl  of  the  ether  parts  of  the  douWioc 
machinery. 

Sre  La(  f-!\Iaki.\»;,  Singkinj;,  Tkxtilk  Faubic,  Thrhad  Ma.nufacturi:,  an<3 
Wkav  inc. 

The  Imports  of  Cotton  Wool  for  home  consumj)tion  into  the  United  Kingdom  were,  in 
the  year  ending  5th  January — 


From  the  British  possessions  in  America    -    -    -    -  - 
do.        do.           East  Indies  -    -   -  - 
United  States  of  America  

Total  

1,346,220 
43.404.0r)8 
287,346,721 
26,87i>.779 
5,184,743 
6,789,603 

1,0  n,  134 
34,060.055 
309,027,306 
20,822.509 

7,465.774 

5,602,(K)2  , 

370,951,121 

378.0IiM5S(> 

—  Yarn  

£           ]  £ 
18.511,692  13,625,461 
6,120,366  1      6,953,467  . 

COURT  PLASTEK  is  a  considerable  object  of  ninnnfaclure.  It  is  made  as  follow^ 
Black  silk  is  strained  and  brushed  (jver  ten  or  twelve  times  with  the  foUowing  prepar^^: 
tion : — Dissolve  I  an  ounce  of  balsam  of  benzoin  in  6  ounces  of  rectified  spirits  ^ 
wine ;  and  in  a  separate  vessel  dissolve  1  ounce  of  isinulnss  in  as  little  water  as  may 
Strain  each  solution,  mix  them,  and  let  the  mixture  rest,  so  that  any  undissolved  par^^^ 
may  snbMdr*;  when  the  clear  liquid  is  cold  it  will  form  a  jelly,  which  must  be  warme^^ 
before  it  i>  applied  to  the  silk.    When  the  silk  coated  with  it  is  quite  dr>',  it  must  1^^ 
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d  off  with  a  coat  of  a  solation  of  4  ounces  of  Chian  turpentine  in  6  ounces  of 
•c  of  benzoin,  to  prevent  its  cracking.* 

IPE.  (Crhpe,  Ft.;  Krepp,  Germ.)  A  transparent  textile  fabric,  somewhat 
mze,  made  of  raw  silk,  gummed  and  twisted  at  the  mill.  It  is  woven  with  any 
ig  or  tweel.  When  dyed  black,  it  is  much  worn  by  ladies  a#  a  mourning  dress. 
I  are  crisped  (crepSs)  or  smooth ;  the  former  being  double,  are  used  in  close 
ing,  the  latter  in  less  deep.   White  crape  is  appropriate  to  young  unmarried 

and  to  virgins  on  taking  the  veil  in  nunneries.  The  silk  destined  for  the 
I  spun  harder  than  for  the  second ;  since  the  degree  of  twist,  particularly  of  the 
determines  the  degree  of  crisping  which  it  assumes  aAer  being  taken  from  the 

It  is  for  this  purpose  steeped  in  clear  water,  and  rubbed  with  prepared  war. 
s  are  all  woven  and  dyed  with  the  silk  in  the  raw  stale.  They  are  finished  with 
en  ing  of  gum  water. 

pe  is  a  Bolognese  invention,  but  has  been  long  manufactured  with  superior 
ence  at  Lyons  in  France,  and  Norwich  in  England.  There  is  now  a  magnificeiit 
of  it  at  Yarmouth,  by  power- loom  machinery. 

*re  is  another  kind  of  stuff,  called  crepon,  made  either  of  fine  wool,  or  of  wool  and 
f  which  the  warp  is  twisted  much  harder  than  the  weA.  The  crepons  of  Naples 
t  altogether  of  silk. 

AYONS.  (Eng.  and  Fr.;  Pastehtifle,  Germ.)  Slender,  soft,  and  somewhat 
;  cylinders,  variously  colored  for  delineating  figures  upon  paper,  usually  called 

drawings.  Red,  green,  brown,  and  other  colored  crayons,  are  made  with  fine 
yc  china  clay  paste,  intimately  mixed  with  earthy  or  metallic  pigments,  or  in 
tl  with  body  or  surface  colors,  then  moulded  and  dried.   The  brothers  Joel,  io 

employ  as  crayon  cement  the  following  composition :  6  parts  of  shellac,  4  parts 
fit  cSr  wine,  2  parts  of  turpentine,  12  parts  of  a  coloring  powder,  such  as  Prussian- 
>rpiracnt,  white  lead,  vermilion,  &c.,  and  12  parts  of  blue  clay.  The  clay  being 
ited,  passed  through  a  hair  sieve,  and  dried,  is  to  be  well  incorporated  by  Iritu- 

with  the  solution  of  the  shellac  in  the  spirit  of  wine,  the  turpentine,  and  the 
nt ;  and  the  doughy  mass  is  to  be  pressed  in  proper  moulds,  so  as  to  acquire  the 
1  shape.   They  are  then  dried  by  a  stove  heat. 

»rder  to  make  cylindrical  crayons,  a  copper  cylinder  is  employed,  about  2  inches 
tmeter,  and  1 J  inches  long,  open  at  one  end,  and  closed  at  the  other  with  a  per- 
d  plate,  containing  holes  corresponding  to  the  sizes  of  the  crayons.  The  paste  is 
ueed  into  the  open  end,  and  forced  through  the  holes  of  the  bottom  by  a  piston 
I  by  a  strong  press.  The  vermicular  pieces  that  pass  through  are  cut  to  the 
r  lengths,  and  dried.  As  the  quality  of  the  crayons  depends  entirely  upon  the 
ss  of  the  paste,  mechanical  means  must  be  resorted  to  for  efiecting  this  object  in 
est  manner.  The  following  machine  has  been  found  to  answer  the  purpose  exceed 
well. 


*  Paris*!  PhanxuMologia. 
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Fi't^.  ^.oO  is  a  vci  ticnl  section  through  the  centre  of  the  crayon  mill.  Fig,  351  iii 
view  of  ilif>  iiiill  from  nlxivc.  a,  the  mill  tub,  whose  bottom  b  muBt  be  ft  hani  flat  phk 
of  cast-iron  ;  the  sides  a  btin?  of  w(-(mI  or  iron  at  pleasure.  In  the  centre  of  the  botta 
there  i>  n  pivot  r,  screwed  into  n  socket  cast  upon  the  bottom,  and  which  miy  k 
stren&thoiud  by  iwu  cn  ss  bars  i\  made  fnst  to  the  frame  e.  f,  the  Riillstone  of  cM- 
iron,  eniicave,  whose  diainott-r  is  considerably  smaller  than  that  of  the  vessel  a;  it  ■ 
fnrnishf*:!  wiihin  with  a  circulnr  Uisin  of  wo(xl  g,  which  receives  the  material*  to  W 
ground,  and  directs  thi-m  to  tho  l:oIr>s  ii,  which  nitow  them  to  pass  down  betveeithe 
undrT  part  of  the  miiller.  nnd  the  iKillcm  of  Ihf  tub,  to  undergo  trituration. 

By  ihf*  CfntnfuL'nl  i:  (>tion,  thr-  paste  i<  driven  towards  the  sides  of  the  vessel,  riw 
over  the  >idos  <.f  the  mulli-r,  nnrl  comes  n^nin  throush  the  holes  if,  so  as  to  be  repotdl^ 
subject'd  to  tlio  iirin  lin'^  op-nitinn.  This  millstone  is  mounted  \\\yon  an  uprisht  fkft 
1,  which  rccfivi's  rotatory  mot  inn  from  the  bevel  wheel  work  K,  driven  by  the  wiochL 

The  l\irnnc(>  in  which  seme  kinds  of  cra\ons.  und  especially  the  factitious  Mackkii 
pencils  are  baked,  is  n-presentfd  in.//£r.  3r)*2  in  a  front  elevation;  and  in  fig.  353,  vlui 
is  a  vrrtit  nl  section  through  the  middle  of  the  chimney. 

A  A,  six  tul)es  of  creaier  or  less  si/e,  ncconlins  as  the  substance  of  the  crayoos  ill 
bettor  or  worse  conductor  of  heat.  These  tubes,  into  which  the  crayons  intended  ftr 
bakinc  are  to  be  put,  traverse  horizontally  the  laborntor}'  b  of  the  furnace,  and  areii^ 
ported  by  two  plates  (\  piercj"*!  wiih  six  sf|uare  holes  for  coverine  the  axes  of  the  tabs 
A.  These  two  plates  are  hun<;  upon  a  common  axis  d  ;  one  of  them,  with  a  ledge,  skill 
the  cylindrical  part  of  the  furnace,  ns  is  shown  in  the  figure.  At  the  extremity  of  the 
bottom,  the  axis  n  is  supported  hy  an  iron  fork  fixed  in  the  brickwork  ;  at  the  ihat  it 
crosses  the  plate  c,  and  lets  through  an  end  about  four  inches  square  to  receive  a  kc7,tf 
means  of  which  the  axis  i)  may  be  turned  round  at  pleasure,  and  thereby  the  two  pfala 
c,  and  the  six  tubes  a,  are  thus  exposed  in  succession  to  the  action  of  the  fire  ii 
an  efjual  manner  upon  each  of  lln'ir  sides.  At  the  two  extremities  of  the  furnace  lit 
two  chimneys  e,  for  the  purpose  of  dilfiisinff  the  heat  more  equably  over  the  body  of  Ik 
crayons.  f,  Jif;.  35'-?,  is  the  door  of  the  fire-place,  by  which  the  fuel  is  introduced;  G» 
fig.  'Sy.i,  the  ash-pit;  n,  the  fire-place;  i,  holes  of  the  grate  which  separate  the  fin- 
place  from  I  lie  ash-pit ;  K,  brickwork  exterior  to  the  furnace. 

Geneinl  I<^met  proposers  the  following  comp<»sition  for  red  crayons.  He  takei 
the  softest  hematite,  qrinds  it  upon  a  porphyr)'  slab;  and  then  carefully  elntiiatfs  iL 
He  makes  it  into  a  plastic  paste  with  ?um  arabic  and  a  little  white  soap,  which  hefonas 
by  mouldiuL',  us  above,  thrr)U'jh  a  syringe,  and  dry  ing,  into  crayons.  The  proportkm 
of  the  inirredients  require  to  !)<•  caiefully  studied. 

CRAVOXS,  lifhopraphir.    Variems  formula?  have  been  civen  for  the  formation  ef 
these cra\ons.     One  (»f  these  prescribes,  wliile  wax,  I  parts;  hard  tallnw-soap,  shellac, 
of  each  2  parts;  lamp  black,  1  part.    Another  is,  dried  tallow  soap  and  white  wax,  eidi 
6  parts;  Innij)  black,  1  part.    Tins  niixture,  beini:  lused  with  a  gentle  heat,  is  to  be  C89l  • 
into  mould^i  fir  forminc  crajon:^  of  a  pioper  si/e. 

CRI'X)SOTK.  or  thv  jifsli  prcserirr,  from  ki  -.i.  nnd  r<,M,*(.»,  is  the  most  important  of  the  j 
five  new  chemical  profliicis  obtain'd  fiom  wo*-*!  tar  by  Dr.  Reichl^bach.  Theolherfow, 
parajfinc,  €nfnone,})ir(nnur,  nnd  pittacaL  have  hitherto  been  npplietl  to  no  use  in  thetrti, 
and  may  be  recanled  at  present  as  mere  analytical  curiosities. 

Creosote  may  bo  preparf'd  either  from  tar  or  from  crude  pynjliirncous  acid.  The  Va 
must  be  di-tilled  till  it  acquires  the  consistence  of  pilch,  nnd  at  the  utmost  till  it  begin* 
to  exhale  the  white  vapors  of  parnffine.  The  li(|uor  which  parses  into  the  rcceiw 
divides  its»  lf  into  3  strata,  a  watery  one  in  the  mi«i(lle,  placed  between  a  heavy  andaligkt 
oil.    The  low(fr  stratum  alone  is  adapted  to  the  preparation  of  creosote. 

1.  The  liquor,  beini  saturated  with  carlmnate  of  iwtash,  is  to  be  allowed  to  settle,  aad 
the  oil}  matter  which  floats  at  top  is  to  be  decanted  ofl'.     When  this  oil  is  distilled,  it 
affords,  at  first,  products  lighter  than  water,  which  are  to  be  rejected,  but  the  heavieroil  \ 
which  fidlows  is  to  be  separated,  washeti  repeatedly  by  agitation,  with  fresh  portions  of 
dilute  ph(Jsphonc  acid,  to  free  it  from  ammonia,  then  left  some  time  at  rest,  after  whick 

it  must  be  washed  by  water  from  all  traces  of  acidity,  and  finally  distilled  alon?  with 
a  new  portion  of  dilute  phosphoric  acid,  taking  care  to  cohobate,  or  pour  back  the  dis- 
tilled prmluct  repeatedly  into  the  retort. 

2.  The  oily  liquid  thus  rectified  is  colorless ;  it  contains  much  creoso/e,  but  at  the 
same  time  some  eupiorie,  fee.  It  must  theref<»re  be  mixed  with  potash  ley  nt  M2  »p« 
grav.,  which  dissolves  the  creosote.  The  upione  floats  upon  the  surface  of  that  solatioBf 
and  may  be  decanted  oflf.  The  alkaline  solution  is  to  be  exposed  to  the  air,  till  »J 
Blackens  by  decomposition  of  some  foreign  matter.  The  potash  being  then  saturate** 
with  dilute  sulphuric  acid,  the  creosote  becomes  free,  when  it  may  be  decanted 
syphonecl  oflf  and  distilled. 

3.  The  treatment  by  potash,  sulphuric  acid,  &c.,  is  to  be  repeated  upon  the  browni*** 
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eosole  till  it  remains  colorless,  or  nearly  so,  even  upon  exposure  to  air.  It  must  be 
w  Hi*<olved  in  Ihe  stron(?(f5t  potash  ley,  stibjected  to  distillation  anew,  and,  lastly,  re- 
itilled  wiih  the  rejection  of  the  flr^t  products  which  contain  much  water,  retaining  only 
r  fbllowinsr,  but  takins^  care  not  to  push  the  process  loo  far. 

In  operating;  upon  pyroli^neous  acid,  if  we  dissolve  effloresced  sulphate  of  soda  in  it  to 
tnrmtion,  at  the  temperature  of  167°  F.,  the  crensote  oil  will  separate,  ond  float  upon 
c  surface.  It  is  to  be  decanted,  left  in  repo<e  for  some  days,  during  which  it  will  part 
itK  a  fresh  portion  of  the  vinegar  and  salt.  Being  now  saturated  while  hot,  with  car- 
mate  of  potash,  and  distilled  with  water,  an  oily  liquor  is  obtained,  of  a  pnle  yellow 
»1or.  This  is  to  be  rectified  by  phosphoric  nciil,  &c.,  like  the  crude  product  of  creosote 
am  tar. 

Creosote  is  apparently  composed  of  7fi*2  carbon,  7*8  hydrosen,  and  16*0  oiypcn,  in  100 
Kits.  It  is  an  oily  looking?  liquid,  s^iiqihtly  greasy  to  the  touch,  void  of  color,  having  an 
end  burning  taste,  and  capable  of  coiroding  the  epidermis  in  a  short  time.  It  possesses 
penetrntiiisr  di>agreeable  sinrll,  like  that  of  hishly  smoked  hams,  and,  when  inhaled  up 
le  nostrils,  causes  a  flow  of  tears.  Its  specific  gravity  is  1*037,  at  68**  F.  Its  consist- 
■ee  is  similar  to  that  of  oil  of  nimonds.  It  has  no  action  upon  the  colors  of  litmus  or 
■rmeric,  but  communicates  to  white  paper  a  stain  which  disappears  spontaneously  in  a 
tw  hours,  and  rapidly  by  the  application  of  heat. 

It  boils  without  decomposition  at  398°  F.,  under  the  average  barometric  pressure, 
emains  fluid  at  IfP  F.,  is  a  non-conductor  of  electricity,  refracts  light  powerfully,  and 
MUns  in  a  lamp  with  a  ruddy  smoky  flame. 

When  mixed  with  water  at  5^^^  F.  it  forms  two  diflferent  combinations,  the  first  being  a 
Mdation  of  1  part  of  creosote  in  400  of  water;  the  second,  a  combination  of  1  part  of 
nUer  with  10  pails  of  creosote.  It  unites  in  all  proportions  with  alcohol,  hydric  ether, 
leetic  ether,  napthn,  eupione.  cnrbnrrl  of  sulphur,  &c. 

Crrosrite  dissolves  a  hirm^  quantity  (if  iodine  and  phosphorus,  as  also  of  sulphur  with 
;be  aid  of  heat,  but  it  depo>iles  the  <::reater  part  of  them  in  crystals,  on  cooling.  It  com- 
nnes  with  potn-^h,  soda,  nmmonii,  lime,  baryta,  and  oxyde  of  copper.  Oxyde  of  mercury 
XHiTerts  creosote  into  a  resinous  matter,  while  itself  is  reduced  to  the  metallic  state. 
Strong  sulphuric  and  nitric  acids  decompose  it. 

Creosote  dissolves  several  ^nlts,  particularly  the  acetates,  and  the  chlorides  of  calcium 
and  tin ;  it  reduces  the  nitrate  and  acetate  of  silver.  It  also  dissolves  indigo  blue;  a 
remarkable  circumstance.  It«;  acti(.n  upon  animal  matters  is  very  interesting.  It  coagu- 
lates albumen,  and  prevents  the  pulrelaction  of  butchers'  meat  and  fish.  For  this  pur- 
pose these  substances  must  he  streped  a  quarter  of  an  hour  in  a  weak  watery  solution  of 
creosote,  then  drained  and  hunir  up  in  the  air  to  dry.  Hence  Reichenbach  has  inferred 
that  it  is  owins  to  the  presence  of  creosote  that  meat  is  cured  by  smoking ;  but  he  is  not 
eorrect  in  ascribing  the  ellV  cl  lo  the  mere  coagulation  of  the  albumen,  since  Jibrine  alone, 
without  creosote,  will  putrefy  in  the  course  of  24  hours,  during  the  heats  of  summer.  It 
kiDs  plants  and  small  animals.  Ii  preserves  flour  paste  unchanged  for  a  long  time. 
Crtosote  exists  in  thenar  of  heech-wood,  to  the  amount  of  from  20  to  25  per  cent.,  and 

Is  crude  pyrolicncous  acid,  to  that  of  1^. 
It  ought  lo  be  kept  in  well-stoppered  bottles,  because  when  left  open  it  becomes  pro- 

gRSsiveiy  yellow,  brown,  and  thick. 
Creosote  has  considerable  )>ower  upon  the  nervous  system,  and  has  been  applied  to  the 

teeth  with  advantage  in  odontalgia,  as  well  as  to  the  skin  in  recent  scalds.   But  its  me- 

iietnal  and  surgical  virtues  have  been  much  exaggerated.    Its  flesh-preserving  quality 

it  rendered  of  little  use,  from  the  difficulty  of  removing  the  rank  flavor  which  it 

iaparts. 

CRUCIBLES  (Cre«TP/5,  Fr. ;  Schirnhficgel,  Germ.)  are  small  conical  Tcssels,  nar- 
wwer  at  the  bottom  than  the  mouth,  for  reducing  ores  in  docimasy  by  the  dry  analy- 
ai,  for  fusinz  mixtures  of  earthy  and  other  substances,  for  melting  metals,  and  com- 
pomiding  metallic  alloys.  They  ousht  to  be  refractory  in  the  strongest  heats  not  readily 
•eted  upon  by  the  substances  ignited  in  them,  not  porous  to  liquids,  and  capable  of 
baring  considerable  alternations  of  temperature  without  cracking;  on  which  account 
t^  should  not  be  made  loo  thick.  The  best  crucibles  are  formed  from  a  pure  fire  clay, 
■ixed  with  finely  ground  cement  of  old  crucibles,  and  a  portion  of  black-lead  or  graphite. 
Some  pounded  coke  may  be  mixed  with  the  plumbago.  The  clay  should  be  prepared 
h  t  similar  way  as  for  making  pottery  ware ;  the  vessels  after  being  formed  must  be 
i^y  dried,  and  then  propeTly  baked  in  the  kiln.  Crucibles  formed  of  a  mixture 
j[8  paru  in  bulk  of  Stourbridge  clay  and  cement,  5  of  coke,  and  4  of  graphite,  have 
"a  found  to  stand  23  meltings  of  76  pounds  of  iron  each,  in  the  Royal  Berlin 
^nAvf,  Suc](^  crucibles  resisted  the  greatest  possible  heat  that  could  be  produced,  in 
Jwch  even  wrought  iron  was  melted,  equal  to  150°  or  165°  Wedgewood ;  and  bore  sud- 
^  cooling  without  cracking.  Another  composition  for  brass-founding  crucibles  is 
^  foUowing: — |  Stourbridge  clay;  }  burned  clay  cement;  |  coke  powder;  f  pipe 
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clay.  The  pasty  moss  must  be  compressed  in  moaUls.  The  Hessian  crociUes  fiuD 
Great  Almerode  and  Epterode  arc  made  from  a  fire  day  which  eontains  a  little  iron,  te 
no  lime ;  it  is  incorporated  with  siliciuas  sand.  The  doogh  is  oompreHcd  in  a  jboiI^ 
dried,  and  strongly  kilned.  They  stand  saline  and  leaden  fluxes  in  docimastie  opeiilioai 
very  well;  are  rather  porous  on  account  of  the  coarseness  of  the  sand,  but  are  thstkf 
less  apt  to  crack  from  sudden  heatins;  or  cooling.  They  melt  under  the  fusing  poiit  of 
bar  iron.  B^'aufay  in  Paris  hos  lately  succeeded  in  making  a  tolerable  imitaiioa  of  tie 
Hessian  crucibles  with  a  Are  clay  found  ncor  Namur  in  the  Ardennes. 

Berthicr  has  published  the  following  elaborate  analyses  of  several  kinds  of  en- 
cibles : — 


„    ,  .   -  ISf.  Etirnnf 
Encliith  fin, 

^''""^"•'  ICi.t  Steel. 

Gl««t  Fata 

:ii  NViiiouri 

Bohaniaa 

ClaM  Putt. 

GIibFUi 

oTCmMti 

Silica  ... 

70-9 

C4-6 

03*7 

65-2 

67-4 

68-0 

68-0  ' 

Alumina    -  - 

24-8 

34-4 

SO-7 

25-0 

320 

29-0 

Oxydeof  Ircm  - 

1-0 

4-0 

7-2 

0-8 

2-2 

2-0 

Mn^ncsia  -  - 

trace 

trace 

trace 

0-5 

trace 

Water  -   -  - 

10-3  • 

i-0 

Wurzer  states  the  com]M)sition  of  the  sand  and  clay  in  the  Hessian  crneibles  h  fol- 
lows : — 

Clay;  silica  10*1 ;  alumina  Of)-! ;  cxvdcs  cf  iron  and  manganese  1*2;  lime  0*3 ;  water  23 
Sand;         95'()  2-1  1-5  0-8 

Black  lead  crucibles  arc  made  of  two  parts  of  crnphite  and  one  of  fire  clay ;  mixed 
with  water  into  a  paste,  pressed  in  mouMs,  and  well  dried ;  but  not  baked  hard  io  tbe 
kiln.  Thoy  bear  a  hicher  heat  than  the  Hessian  crucibles,  as  well  as  sudden  chances  cf 
temperature;  have  a  smooth  surface,  and  are  therefore  preferred  by  the  melters  of  gold 
and  silver.    This  con)i><)und  furms  excellent  small  or  portable  furnaces. 

Mr.  Anstey  describes  his  i»atent  process  for  making  crucibles,  as  follows  :  Take  two 
parts  of  fine  cronnd  raw  Stourbridge  clay,  and  one  part  of  the  hardest  gas  coke,  pn- 
viously  pulverized,  and  siAetl  ihrouiili  a  sieve  of  one  ei«hih  of  an  inch  mesh  (if  lie 
coke  is  tricmnd  too  fine  the  pots  are  xcry  apt  to  crack).    Mix  the  ingredients  together  with 
the  proper  quantity  of  wal(?r,  and  tread  the  mass  well.    The  pot  is  moulded  by  hand  upon 
a  wooden  block,  supporteil  on  a  >i)in(lle  wliich  turns  in  a  hole  in  the  bench;  there i^i 
uauge  to  regulate  the  thirkness  of  llie  mrlting  iK)t,  and  a  cap  of  linen  or  cotton  placed 
wet  upon  the  core  before  the  clay  is  applied,  to  prevent  the  clay  from  sticking  partially 
to  the  core,  in  the  taking  off;  the  cap  adiieres  to  the  pot  only  while  wet,  and  may  be 
removed  without  trouble  or  hazard  when  dry.    He  employs  a  wooden  bat  to  assist  in 
mouldinsr  the  iM)t;  when  mouldwl,  it  is  carefully  dried  at  a  gentle  heat.    A  pot  dried  « 
above,  when  wanted  for  use,  is  first  warmed  by  the  Sre-side,  and  is  then  laid  in  the  fur- 
nace with  the  mouth  downwanls  (the  n?d  cokes  heing  previously  damped  with  cpM 
ones  in  order  to  lessen  the  heat) ;  more  coke  is  then  thrown  in  till  the  pot  is  covered, 
and  it  is  now  bronuht  up  irradunlly  to  n  red  heat.    The  pot  is  next  turned  and  fixed  in  i 
proper  position  in  the  furnace,  without  heinu:  allowed  to  cool,  and  is  then  charged  wilk 
cold  iron,  so  that  the  metal,  when  melted,  shall  have  its  surface  a  little  below  the  roovtb 
of  the  pot.    The  iron  is  melted  in  about  an  hour  and  a  half,  and  no  flux  or  addition  of 
any  kind  is  made  use  of.    A  p<»t  will  last  for  fourteen  or  even  eii^hteen  successive  melt* 
ings,  provided  it  is  not  allowed  to  cool  in  the  intervals ;  but  if  it  cool,  it  will  probably 
crack.    These  pots,  it  is  said,  can  bear  a  greater  heat  than  others  without  soAening,  aod 
will,  consequently,  deliver  the  metal  in  a  more  fluid  state  than  the  best  Birmingbam  pots 
will.    See  a  ficure  of  the  enicible  mould  under  Stf.el. 

CRYSTAL  is  the  geometrical  form  possessed  by  a  vast  number  of  mineral  and  sili»c 
substances;  as  also  by  many  vegetable  and  animal  products.  The  integrant  particles  of 
matter  have  undoubtedly  determinate  forms,  and  combine  with  one  another,  by  the 
attraction  of  cohesion,  according  to  certain  laws,  and  points  of  polarity,  whereby  tbej 
assume  a  vast  variety  of  secondary  cr)-stallinc  fonns.  The  investigation  of  these  Itvs 
belones  to  crystallography,  and  is  foreign  to  the  practical  purpose  of  this  volume.  ^ 
stnictirms  are  given  under  each  object  of  manufacture  which  requires  crystalliatioD,  ho* 
to  conduct  this  process;  see  Borax,  Salt,  &c. 

CUDBKAR  was  first  made  an  article  of  trade  in  this  country,  by  Dr.  Cnthbert 
Gordon,  from  whom  it  derived  its  name,  and  was  originally  manufactured  on  s  ftfi 
scale  by  Mr.  G.  Mackintosh  at  Glasgow,  nearly  60  years  ago.   Cudbear  orpersk)  is* 

*  Tlui  crucible  had  been  analyzed  Itefore  beings  iMlcad  in  the  kila. 
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olet  red  color,  difficult  to  moisten  with  water,  and  of  a  peculiar  but  not 
lor.  It  is  partially  soluble  in  boiling  water,  becomes  red  with  acids,  and 
h  alkalis.  It  is  prepared  in  the  same  way  as  archil,  only  towards  the 
nee  is  dried  in  the  air,  and  is  then  ground  to  a  fine  powder,  taking  care  to 
sition,  which  renders  it  glutinous.  In  Scotland  they  use  the  lichen  tar- 
vrely  the  lichen  calcareus,  and  omphalodes ;  most  of  which  lichens  are 
Sweden  and  Norway,  under  the  name  of  rock  moss.  The  lichen  is  suffered 
a  month,  and  is  then  stirred  about  to  allow  any  stones  which  may  be  pre- 
;he  bottom.  The  red  mass  is  next  poured  into  a  flat  vessel,  and  IcA  to 
its  urinous  smell  has  disappeared,  and  till  it  has  assumed  an  agreeable 
ipon  violeL  It  is  then  ground  to  fine  powder.  Daring  the  fermentation 
it  is  watered  with  stale  urine,  or  with  an  equivalent  ammoniacal  liquor  of 
making  archil. 

riON  is  a  mode  of  analj'zing  gold,  silver,  palladium,  and  platinum,  by 
il  portions  of  alloys,  containing  these  metals,  a  bit  of  lead,  fusing  the 
ttle  cup  of  bone  earth  called  a  cupeJ,  then  by  the  joint  action  of  heat  and 
the  copper,  (in,  &c.,  present  in  the  precious  metals.  The  oxydes  thus  pro- 
olved  and  carried  down  into  the  porous  cupel  in  a  liquid  state,  by  the 
of  lead.   See  Assay,  Gold,  and  Silveiu 

J  OF  LEATHER  (Corroyer,  Fr. ;  Zurichteu,  Germ.)  is  the  art  of 
after  they  are  tanned,  for  the  purpose  of  the  shoe-maker,  coach  and  harness 
'  of  giving  them  the  necessary  smoothness,  lustre,  color,  and  suppleness, 
(hop  has  no  resemblance  to  the  tanner's  premises,  having  a  quite  different 
d  manipulations. 

employs  a  stron?  hurdle  about  a  yard  square,  made  either  of  basket  twigs, 
spars,  fixed  rectangularly  like  trellis  work,  with  holes  3  inches  square, 
:  treads  the  leather,  or  beats  it  with  a  mallet  or  hammer,  in  order  to  soften 
it  flexible. 

liftf  called  in  French  couteau  It  revert,  on  account  of  the  form  of  its  edge, 
h  turned  over,  i<t  a  tool  5  or  6  inches  broad,  and  15  or  16  long;  with 
tne  in  the  dircclion  of  the  blade,  and  the  other  perpendicular  to  it,  for  the 


purpose  of  guiding  the 
edge  more  truly  upon 
the  skin.  The  pommel 
(paumelle)  is  so  called 
because  it  clothes  the 
palm  of  the  hand,  and 
performs  its  functions. 
It  is  made  of  hard  wood, 
and  is  of  a  rectangular 
shape,  1  foot  long,  5 
inches  broad,  flat  above 
and  rounded  below.  It  is 
furrowed  over  the  round- 
ed surface  with  transverse 
parallel  straight  grooves. 
These  grooves  are  in 
section  sharp-edged  isos- 
celes triangles.  Figt. 
354  and  355,  repre- 
sent the  pommel  in  an 


ider  view.  The  flat  surface  is  provided  with  a  leather  strap  for  secur- 
:  hand  of  the  workman.  Pommels  are  made  of  diflferent  sizes,  and 
of  various  degrees  of  fineness.  Cork  pommels  are  also  used,  but  they 
*d.  Pommels  serve  to  give  grain  and  pliancy  to  the  dcins. 
tng  iroiif  fig,  356,  is  a  flat  plate  of  iron  or  copper,  fully  a  fourth  of  an 
top,  and  thinning  off  at  bottom  in  a  blunt  edge,  shaped  like  the  arc  of  a 
i  diameter,  having  the  angles  a  and  b  rounded,  lest  in  working  they  should 
leather.  The  top  c  is  mounted  with  leather  to  prevent  it  from  hurting  the 
pper  stretching  knife  is  used  for  delicate  skins.  The  workman  holds  this 
rpendlcular,  and  scrapes  the  thick  places  powerfully  with  his  two  hands, 
se  where  some  tan  or  flesh  remains.  He  thus  equalizes  the  thickness  of 
renders  it  at  the  same  time  more  dense  and  uniform  in  texture.  This  tool 
sral  use  in  curr}'ing. 

knife,  figs.  357  and  358  (lunette  in  French),  is  a  circular  knife  from  10  to 
liameter,  with  a  round  4  or  5  inch  hole  in  its  centre,  for  introducing  the 
rkiog  it.    It  is  concave,  as  shown  in  the  section  fig.  358,  presenting  the 
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form  of  a  spherical  zone.  Thp  concave  pari  is  that  applied  to  the  skin.  Its  edge  is  not 
l)erfeclly  straight ;  but  is  a  little  lurned  over  on  the  side  opposite  to  the  skin,  to  prcTcnt 

it  from  enterinjET  too  far  into  the  la- 
ther. The  currier  first  slopes  off  witk 
the  head  knife  from  the  edsr«>»  a  ptx^ 
tion  equal  to  what  he  aAervards  re- 
moves with  the  round  one.  Bj  ihii 
division  the  work  is  done  sooner  and 
more  exactly.  All  the  oiled  or  &rrcased 
Aiinn  are  dressed  with  the  round  knife. 

The  cirnner  is  a  straight  two-hai- 
dled  knife  two  inches  broad,  of  which 
there  arc  two  kinds,  a  sharp-edited  and  a  blunt  one.    Fis;,  359. 

The  marc  is  made  of  wood,  having  a  handle  .*10  inches  long,  with  a  cubical  head  or 
mnl|pt ;  upon  the  two  faces  of  which,  parallel  to  the  line  of  the  handle,  there  are  4  peg! 
of  hard  woo:l  Inrnod  of  an  eeir-shnpe,  and  well  p(»li^hcd,  so  as  not  to  tear  the  moistened 
leather  whvn  it  is  strontrly  beat  and  softened  with  the  mace. 

The  hoi-se  or  trestle,/?.  360,  consists  of  a  stront:  w<iodcn  frame,  A  n  c  D,  which  serves  as 
a  leg  or  foot.  Upon  the  middle  of  this  frame  there  arc  two  uprights,  e  f,  and  a  strong 
cross  beam,  r;,  for  supporting  the  thick  plank  ii,  upon  which  the  skins  are  worked.  Thb 
plank  may  be  set  at  a  greater  or  less  slope,  accordin?  as  its  lower  end  is  engasred  in  one 
or  other  of  the  cross  bars,  1 1 1 1,  of  the  frame.  In  the  fisiore,  a  skin  K  is  represented  upon 
the  plank  with  the  head  knife  upon  it,  in  the  act  of  b<'in2  pared. 

A  cylindrical  bar  fixed  horizontally  at  its  end*  to  twt>  buttresses  projectinir  from  the 
wall,  serves  by  means  of  a  parallel  stretched  cord,  to  li\  a  skin  by  a  coil  or  twrt  in  order 
to  dress  it.  This  is  acconlincly  called  the  f/rr>vv.  'Vho  tallow  cloth  is  inertly  a  mcp 
made  of  stout  rags,  without  the  long  handle  ;  of  wliirh  fliere  are  several,  (»ne  Rr  wax. 
another  for  ».'il,  &c.  Si ron:;- toothed  luncrrs  with  I.oc  k-end  handle*,  drawn  ttfcether 
by  an  endless  conl,  are  employed  to  stietch  the  leather  iu  any  direction,  while  it  is  beinu 
dressed.  Tin*  currier  uses  clamps  like  the  lett'  r  T,  to  fix  the  nlces  of  the  ler.thcrlo  fri» 
table.  His  jxdisher  is  a  round  piece  of  hard  wockI,  slich'ly  convex  below,  with  n  haniile 
standin?  upriirlil  in  its  upper  surface,  lor  seizing  ii  liii;d\.  He  first  rubs  with  sour  beer, 
and  finishes  with  barberr)'  juice. 

Ever>'  kind  of  tanueil  leather  not  intended  for  s  or  such  coarse  purprses,  i« 
generally  curried  before  Ix'inu  delivered  to  the  wt-rknuu  who  fnshion  it,  sucli  as  shtc-- 
makers,  coaehuiakers,  saddler'^,  &.c.    Tlie  chit^f  iipeialions  of  thccunier  aie  finir:— 

1.  Dippiutr  the  leather,  whieli  cousi^^ls  in  irK-i^toniiiu'  it  with  water,  and  btalit.;:  it 
with  the  7Ji(nr  or  a  mallet  u|-on  the  hurdle.  lie  ue\l  ajiplies  the  clcumr.i,  Killi  hhn[ 
and  shnrp,  as  well  as  the  head  knife,  to  remove  or  tliiu  down  all  inequalities.  Afltr  tht 
leather  is  shaved,  it  is  thrown  (»nce  more  intf>  wnter,  and  well  scoured  by  rubbin?  the 
grain  side  with  pumice  st«»ne,  or  a  piect?  of  slaty  sri\,  whereby  it  parts  with  the  bloi^ni,  a 
whitish  matter,  (leriv<?d  from  the  oak  bark  in  the  tan  pit. 

2.  ApplyiuL'  the  pommel  totjive  the  leather  a  granular  appearance,  and  correspondent 
flexibility.  The  leather  is  first  fidded  with  its  i:rain  side  in  contact,  and  nibbed  slronsl) 
with  Ihe  pommel,  then  rubbtd  simply  upon  its  grain  side;  whereby  it  l.ccomes  exiremdy 
flexible. 

3.  Scnijiin::  the  leather.  This  makes  it  of  uniform  thickness.  Tl  e  workman  holds 
the  tt)ol  nearly  perpendicular  uj>on  the  leather,  and  forcibly  scrape*  the  thick  places  with 
both  his  hands. 

4.  Dressinir  it  by  the  round  knife.  For  this  purpose  he  stretches  the  leather  upou 
the  wooden  cxiinder,  lays  hold  of  the  pendent  under  edc:e  with  the  pincers  attached  to 
his  ffirdle,  and  then  with  both  hands  applies  the  i-ilue  <if  the  knife  to  the  surface  of  the 
leather,  slant  ini^iy  from  above  downwards,  and  thus  |inres  off  the  coarser  lleshy  parts  rf 
the  skin.  'J'his  operatiiin  requires  ijreat  experience  and  dexterity;  and  when  well  per- 
formed improves  greatly  the  lof)k  of  the  leather. 

The  hide  or  skin,  beinc:  rendered  flexible  and  uniform,  i'  conveyed  to  the  shed  ordryinf 
house,  where  the  erea^y  substances  are  applied,  which  is  called  dubbing  (daubing)  or 
stutlini,'.  The  oil  used  for  this  purpose  is  prepare*!  by  boiling  sheep-skins  or  doc-skins, 
in  cod  oil.  This  application  of  grease  is  often  made  befi)re  the  graining  board  or  pommel 
is  employed. 

Before  waxin?,  the  leather  is  commonly  colored  by  rubbing  it  with  a  bnish  dipped 
into  a  eomiKisition  of  oil  and  lamp  black  on  the  fie?>h  side,  till  it  be  thoroughly  black ;  iti» 
then  black-sized  with  a  brush  or  sponge,  diied,  tallowed  with  the  proper  cloth,  and 
slicke<l  upon  the  flesh  with  a  brood  smooth  lump  of  glass ;  sized  again  with  a  sponge; 
and  when  dry,  aeain  curried  as  alK)ve  described. 

Currying  leather  on  the  hair  or  irrain  side,  termed  black  on  the  grain,  is  the  sameifl 
the  first  operation  with  that  dressed  on  the  flesh,  till  it  is  scoured.  "Then  the  first  black 
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plied  to  it  while  wet>  by  a  solution  of  copperas  pnt  upon  the  grain,  aAer  this  hu 
nibbed  with  a  stone  j  a  brush  dipped  in  stale  urine  is  next  rubbed  on,  then  an  iron 

er  is  used  to  make  the  grain  come  out  as  fine  as  possible.  It  is^  now  stuffed  with 
When  dry,  it  is  seasoned ;  that  is,  rubbed  over  with  a  bnish  dipped  in  copperas 
on  the  grain,  till  it  be  perfectly  black.   It  is  next  slicked  with  a  good  grit-ston^, 

ke  out  the  wrinkles,  and  smooth  the  coarse  grain.   The  grain  is  finally  raised  wiUi 

pommel  or  graining  board,  by  applying  it  to  the  leather  in  different  directions. 

a  thoroughly  dry,  it  is  grained  again  in  two  or  three  ways. 

det  intcndcKi  for  covering  coaches  are  shaved  nearly  as  thin  as  shoe  hides,  and 
ced  upon  the  grain. 

JTLERY,  (Couiellerie,  Fr. ;  Mtnserschmidwaarr,  Germ.)  Three  kinds  of  steel 
oade  use  of  in  the  manufacture  of  different  articles  of  cutlery,  viz.,  common  steel, 
r  Kteel,  and  cast  steel.  Shear  steel  is  exceedingly  plastic  and  tough.  All  the  edge 
which  require  great  tenacity  without  great  hardness  are  made  of  it,  such  as  table 
5S,  scythes,  plane-irons,  &.c. 

«t  steel  is  formed  by  melting  blistered  steel  in  covered  crucibles,  with  bottle  glass, 
wnring  it  into  cast-iron  moulds,  so  as  lo  form  it  into  ingots;  these  ingots  are  then 
1  to  the  tilt,  and  drawn  into  rods  of  suitable  dimensions.  No  other  than  cast  steel 
issnme  a  very  fine  polish,  and  hence  all  the  finer  articles  of  cutlery  are  made  of  it, 
as  the  best  scissors,  penknives,  razors,  &c. 

rmerly  cast  steel  could  be  worked  only  at  a  very  low  heat ;  it  can  now  be  made  so 
be  welded  to  iron  with  the  greatest  ease,    lis  use  is  consequently  extended  to 
ng  very  superior  kinds  of  chisel?.,  plane-irons,  &c. 

rging  of  table  knivcu  —  Two  men  are  generally  employed  in  the  forging  of  table 
s;  one  called  the  foreman  or  maker,  and  the  other  the  striker, 
e  steel  called  common  steel  is  employed  in  making  the  very  common  articles;  but 
le  greatest  part  of  table  knives  which  require  a  surface  free  from  flaws,  shear  steel 
lerally  preferred.  That  part  of  the  knife  termed  the  blade,  is  first  rudely  formed 
:nt  off.  It  is  next  welded  to  a  rod  of  iron  about  J  inch  square,  in  such  a  manner 
leave  as  liltie  of  I  he  iron  part  of  the  blade  exposed  as  possible.  A  sufllcient  quantity 
e  iron  now  attached  to  the  blade,  is  taken  off  from  the  rod  to  form  the  bolster  or 
der,  and  the  tang. 

order  to  make  the  bokter  of  a  given  size,  and  to  give  it  at  the  same  time  shape 
leatncss,  it  is  introduced  into  a  die,  and  a  swage  placed  upon  it ;  the  swage  has  a 
unart  blows  given  it  by  the  striker.  This  die  and  swage  are,  by  the  workman, 
1  prints. 

:er  the  tangs  and  bolster  are  finished,  the  blade  is  heated  a  second  time,  and  the 
an  gives  it  its  proper  anvil  finish  ;  this  operation  is  termed  smithing.  The  blade 
w  heated  red-hot,  and  plunged  perpendiqularly  into  cold  water.  By  this  means  it 
les  har  lened.  It  requires  lo  be  tempered  regularly  down  to  a  blue  color  i  in  which 
it  w  ready  for  the  grinder. 

.  Brownill's  method  of  securing  the  handles  upon  table-knives  and  forks,  is,  by 
tening  the  tangs,  so  as  to  pass  them  completely  through  the  handle,  the  ends  of 
I  are  to  be  tinned  after  the  ordinary  mode  of  tinning  iron;  and,  when  passed 
zh  the  handle,  the  end  of  the  lan<^  is  to  be  spread  by  beating,  or  a  small  hole 
\  through  it,  and  a  pin  passed  to  hold  it  upon  the  handle.  After  this,  caps  of 
,  either  copper  plated  or  silver,  are  to  be  soldered  on  to  the  projecting  end  of  the 
and  while  the  solder  is  in  a  fluid  state,  the  cap  is  to  be  pressed  upon  the  end  of 
andle  and  held  there  until  the  solder  is  fixed,  when  the  whole  is  to  be  cooled  by 
immersed  in  cold  water. 

.  Thomason's  patent  improvements  consist  in  the  adaptation  of  steel  edges  to  the 
I  of  gold  and  silver  knives.  These  steel  edges  are  to  be  attached  lo  the  other 
,  of  whatever  quality  it  may  he,  of  which  the  knife,  &c.  is  made,  by  means  of 
*,  in  the  ordinary  mode  of  effecting  that  process.  After  the  edge  of  steel  is  thus 
led  to  the  gold,  silver,  &c.,  it  is  to  be  ground,  polished,  and  tempered  by  immersion 
d  water  or  oil  after  being  healed.  This  process  being  finished,  the  other  parts  of 
life  are  then  wrought  and  ornamented  by  the  engraver  or  chaser,  as  usual, 
patent  was  obtained  in  1827,  by  Mr.  Smith  of  Sheffield,  for  rolling  out  knives  at  one 

tiOQ. 

tlie  ordinary  mode  of  making  knives,  a  sheet  of  steel  being  provided,  the  blades  are 
It  of  the  sheet,  and  the  backs,  shoulders,  and  tangs,  of  wrought  iron,  are  attached  to 
blades  by  welding  at  the  forge.    The  knife  Is  then  ground  to  the  proper  shape, 
be  blade  polished  and  hardened. 

lead  of  this  welding  process,  the  patentee  proposes  to  make  the  knives  entirely  of 
and  to  form  them  by  rolling  in  a  heated  state  between  massive  rollers ;  the  shonl- 
w  bolsters,  and  the  tangs  for  the  handles,  being  produced  by  suitable  recesses  in 
eripherles  of  the  rollers ;  just  as  rail- way  rails  are  formed.     When  the  knife  is  to 
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be  made  with  what  is  called  a  scale  tani;,  that  i?,  a  broad  flat  tang,  to  which  the  handle 
is  to  be  attached  in  two  jnnces,  riveted  on  the  sides  of  the  tan?,  the  rollers  are  then  oal; 
to  have  recesM-s  cut  in  them,  in  a  direction  pnrailel  to  the  axis  for  fbrmiof^  the  bolster. 

The  plate  of  sitel,  liavint:  ht'cn  heoted,  is  to  be  pressed  between  the  two  ro1len;,by 
which  the  bludes  and  the  parts  for  the  scale  tnnt;s  will  be  pressed  out  flat  and  thin,  lod 
ifiose  parts  which  pass  between  the  amoves  or  recess  will  be  leA  thick  or  protitberut, 
forming  the  Udster  for  the  shoulder  of  the  blade.  But  if  the  tangs  are  lo  be  roandii 
order  io  be  fixed  into  sinslt-  handles,  then  it  will  be  necessary  aL«o  to  form  transTcne 
{•rooves  in  the  ndlcis,  that  i<.  at  riirht  anules  to  those  which  give  shape  to  the  bolften^ 
the  transverse  crooves  cone-pondins*  in  lenijih  lo  the  length  of  the  intended  taur. 
When  the  plates  of  stfel  have  Uea  thus  rolled,  forming  three  or  more  knires  io  a 
breadth,  the  several  knives  aio  to  he  cut  out  by  the  ordinary  mode  of  what  is  called  slil- 
tin«,  and  the  blades  and  ^hou^l^■^•^  ground,  hardened,  and  polished  in  the  usual  way. 

Forks  are  geneiiilly  a  distinct  branch  of  manufacture  from  that  of  knives,  and  ire 
purchased  of  the  fork  makers  by  the  manufacturers  of  table  knives,  in  a  state  fit  for  re- 
ceiving the  handles. 

The  nxls  of  steel  from  which  the  forks  are  made,  are  about  *ths  of  an  inch  square. 
The  tang  and  shsink  of  the  fork  are  first  rou«;hly  formed.  The  fi)rk  is  then  cut  ofii 
leaving  at  one  end  alwiut  1  inch  uf  the  square  pan  of*  the  steel.  This  part  is  aHervtrds 
drawn  out  Hat  to  about  the  li'n!;tli  of  the  proncrs.  The  shank  and  tang  are  wan 
heated,  and  a  proper  form  triven  to  them  by  means  of  a  die  and  swage.  The  prongs  are 
afterwards  formed  at  one  blow  by  means  of  the  stamp;  this  machine  is  very  similar  to 
that  used  in  driving  piles,  but  it  is  worked  by  one  man.  It  consists  of  a  large  aanl 
fixed  in  a  block  of  stone  neaily  on  a  level  with  the  gronnd.  To  this  anvil  are  attached 
two  hhIs  of  iron  of  consiilerable  thickness,  fixed  twelve  inches  asunder,  perpendicularly  lo 
the  anvil,  and  diajionally  to  each  other.  These  are  fasienc«l  to  the  ceiling.  The  ham- 
mer or  stamp,  about  100  lbs.  in  weight,  havini:  a  groove  upon  either  side  correspondid?  to 
the  anifles  of  the  upri'^ht  r:».ls,  is  made  to  slide  freely  throuch  its  limited  range,  beinr 
conducted  by  it<  two  iron  supporlei-s.  A  rope  is  altache^i  to  the  hammer,  which  goes 
over  a  pulley  on  the  lloor  of  the  rot»m  above,  and  comes  down  to  the  person  who  works 
the  stamp:  two  corre^pondini;  dies  are  attached,  one  to  the  hammer,  jind  the  other  to 
the  anvil.  That  part  of  the  fork  inl<'nded  to  form  the  pronirs,  heated  to  a  pretty  whiJf 
heat  and  placed  in  the  h)wer  die,  and  the  hammer  containing  the  other  die  is  ma»!c  lo 
fall  upon  it  iVoin  a  hei-jht  of  aooui  7  or  S  feet.  This  forms  the  prongs  and  the  middle 
part  of  the  fork,  1«  axing  a  \im\  thin  sub-tance  of  steel  between  each  prone,  which  i< 
afterw;n<l<  rut  <Mit  wiifi  an  nppropriati*  in>trutnenl  calle<l  a  fly-pres«.  The  f(.rk>  an*  not: 
annealed  by  '»m  iDUiulinir  a  I  ir:,'e  iiiunn  tliern  with  hot  coals,  so  that  the  whui*:  shsll 
become  red-hot.  'Vhv.  lire  i>  sullered  ?ra'Iu.*lly  to  die  out,  and  the  forks  to  eu.!*  withonl 
beini;  di>luil)eil.  This  pn  ccst  is  intend-  vl  to  .«ofl<  n,  and  hy  that  m».ans  to  prejKire  tfen 
for  filincr.  Th'»  in-i  if  <il'  Ih"  prorj-rs  i<  then  fiU*i|,  alter  which  they  are  bent  into  their 
proper  form  and  hnnlened.  When  hanleneil,  which  is  eHeele*!  by  hr>ating  them  rfd-ln-.l 
and  phmeinu'  them  ini»)  culd  walrr,  tlwy  aie  tempered  by  exposing  them  lo  the  decree  <f 
heal  at  which  irn'ase  intlames.  Sr.AMr'i. 

Penknives  are  irenerally  forced  by  a  sin-jle  hand,  with  the  hammer  and  the  anvil  sim- 
ply. The  hammer  in  this  trade  i^  i:enerully  liiiht,  not  exceeding  3\  lbs.  The  breadth 
of  the  face,  or  the  sti iking  part,  is  about  one  inch;  if  broader,  it  would  not  be  conven- 
ient for  slrikinijso  small  an  ol»jecl.  The  principal  anvil  is  about  5  inches,  and  10  npon 
the  facf,  and  is  provided  with  a  L'ro<»ve  into  which  a  smaller  anvil  is  wedged.  The 
smaller  anvil  is  about  2  inches  square  upon  the  face.  The  blade  of  the  knife  is  first 
drawn  out  at  the  end  of  the  rod  of  stt^el,  and  as  much  more  is  cut  off  along  with  it  if 
is  thought  necosary  lo  form  the  joint.  The  blade  is  then  taken  in  a  pair  of  tongs,  inJ 
heated  a  second  lime  lo  lini.Nh  the  joint  part,  and  at  the  same  time  to  form  a  teuiporaiy 
tang  for  the  purpose  of  driviuir  into  a  small  haft  u.sed  by  the  grinder.  Another  heat  is 
taken  to  give  the  blade  a  proper  finish.  The  small  recess  called  the  nail-hole,  used  in 
opening  the  knife,  is  made  while  it  is  still  hot  by  means  of  a  chisel,  which  is  round  on 
one  side,  and  llat  upon  the  other. 

Penknives  are  hardened  by  heating  the  blade  red-hot,  and  dipping  them  into  water  up 
lo  the  .shoulder.  They  are  tempered  by  setting  them  side  by  side,  with  the  back  do*"* 
wards  upon  a  llat  iron  plate  laid  upon  the  fire,  where  they  are  allowed  to  remain  tillthcy 
are  of  a  brown  or  purple  color. 

The  blades  of  pocket  knives,  and  all  that  come  under  the  denomination  of  fpnfl? 
knives,  are  made  in  the  same  way. 

The  forging  of  razors  is  performed  by  a  foreman  and  striker,  as  in  making  ttUc 
mives. 

They  are  generally  made  of  cast  steel.    The  rods,  as  they  come  from  the  tilt,  are  alx^at 
^  inch  broad,  and  of  a  thickness  sulficienl  for  the  back  of  the  razor. 

There  is  nothing  peculiar  in  the  tools  ma«le  use  of  in  forging  razors  :  the  anvil  v  • 
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it  the  sides,  which  aflfords  the  opportunity  of  making  the  edge  thinner,  and 
fnse  labor  to  the  grinder. 

hardened  and  tempered  in  a  similar  manner  to  penknives.  They  are, 
harder,  beins[  only  let  down  to  yelJow  or  brown  color, 
of  scisfcors  is  wholly  performed  by  the  hammer,  and  all  the  sizes  are  made 
Lod.  The  anvil  of  the  scissor-maker  weighs  about  1|  cwt. ;  it  measures, 
M>nt  4  by  1 1  inches.  It  is  provided  with  two  grates  or  grooves  for  the  re- 
rious  little  indented  tools  termed  by  the  workman  bosses ;  one  of  these 
oycd  to  give  proper  figure  to  the  shank  of  the  scissors ;  another  for  form- 
vhich  has  to  make  the  joint ;  and  a  third  is  made  use  of  for  giving  a  proper 
upper  side  of  the  blade.  There  is  also  another  anvil  placeid  on  the  same 
ing  two  or  three  tools  called  beak-irons,  each  consisting  of  an  upright  stem 
(  high,  at  the  top  of  which  a  horizontal  beak  projects ;  one  of  these  beaks 
.  is  used  for  extending  the  bow  of  the  scissors ;  the  other  is  a  segment  of  a 
the  round  side  upwards,  containing  a  recess  for  giving  a  proper  shape  and 
the  inside  of  the  bow. 

of  the  scissors  is  first  formed  by  means  of  one  of  the  bosses,  above  de- 
g  as  much  steel  at  the  end  as  will  form  the  blade.  A  hole  is  then  punched 
n  width,  a  little  above  the  shank.  The  blade  is  drawn  out  and  finished, 
rs  separated  from  the  rod  a  little  above  the  hole.  It  is  heated  a  third  time, 
hole  above  mentioned  is  extended  upon  the  beak-irons  so  as  to  form  the 
nishes  Ihc  forging  of  scissors.  They  are  promiscuously  made  iri  this  way, 
•ther  ijui'le  than  the  eye,  having  no  regard  to  their  being  in  pairs.  They 
aled  for  the  purpose  of  filing  such  parts  of  them  as  cannot  be  ground,  and 
ired. 

rge  scissors  are  made  partly  of  iron,  the  blades  being  of  steel, 
ronrinii,  the  bow  and  joints,  and  such  shanks  as  cannot  be  ground,  are 
vet  hole  is  then  bored,  through  which  they  are  to  be  screwed  or  riveted 
is  common  kind  of  scissors  is  only  hardened  up  to  the  joint.  They 
down  to  a  purple  or  blue  color.   In  this  state  they  are  taken  to  the 

nd  polvihing  of  cutlery. — Th<r  various  processes  which  come  under  this 
are  |»erformed*by  machinery,  mo\'ing  in  general  by  the  power  of  the  steam- 
er-wheel. 

heels  or  crinding  mills  are  divided  into  a  number  of  separate  rooms ;  every 
fix  places  called  Ironghs  ;  pach  trough  consists  of  a  convenience  for  run- 
jone  and  a  polisher  a£  the  same  time,  which  is  generally  occupied  by  a  man 

fss  of  the  crrinder  is  generally  divided  into  three  stages,  viz.,  grinding, 
polishinj!. 

ig  is  perform^^d  upon  stones»or  various  qualities  and  sizes,  depending  on  the 
ground.  Those  exposing  much  flat  surface,  such  as  saws,  fenders,  &c., 
s  of  srvHi  diameter,  while  razors,  whose  surface  is  concave,  require  to  be 
stones  of  very  small  dimensions.  Those  articles  which  require  a  certain 
1  is  the  case  with  most  cutting  instruments,  are  mostly  ground  on  a  wet 
lich  purpose  the  stone  hangs  within  the  iron  trough,  filled  with  water  to 
that  its  surfrtce  may  just  touch  the  face  of  the  stone, 
a  process  foilowins  that  of  grinding :  it  consists  in  giving  that  degree  of 
loothness  to  an  article  which  can  be  effected  by  means  of  emery  of  the 
cs  of  fineness.  The  tool  on  which  the  glazing  is  performed,  is  termed  a 
insists  of  a  circular  piece  of  wood,  formed  of  a  number  of  pieces  in  such  a 
its  eflge  or  face  may  always  present  the  endway  of  the  wood.  Were  it 
tse,  the  contraction  of  the  parts  would  destroy  its  circular  figure.  It  is 
.  iron  axis  similar  to  that  of  the  stone.  Some  glazers  are  covered  on  the 
ther,  others  with  metal,  consisting  of  an  alloy  of  lead  and  tin ;  the  latter 
pa.  In  others,  the  wooden  surface  above  is  made  use  of.  Some  of  the 
glazers,  such  as  are  used  for  forks,  table  knives,  edge  tools,  and  all  the 
ked  articles,  are  first  coated  with  a  solution  of  glue,  and  then  covered  with 
surfaces  of  the  others  are  prepared  for  use  by  fir<t  turning  the  face  very 
ing  it  with  small  notches  by  means  of  a  sharp-ended  hammer,  and  lastly 
interstices  with  a  compound  of  tallow  and  emery. 

oi  the  glazer  is  so  much  less  than  that  of  the  stone,  that  its  velocity  is 
ible,  having  in  general  a  surface  speed  of  1500  feet  in  a  second, 
a  of  polishing  consists  in  giving  the  most  perfect  polish  to  the  different 
bing  is  subjected  to  this  operation  but  what  is  made  of  cast  steel,  and  has 
ly  hardened  and  tempered. 

T  consists  of  a  circular  piece  of  wood  covered  with  buff  leather,  the  surface 
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of         is  covered  from  time  to  time,  while  in  use,  with  the  crocus  of  iron,  cilled  ahi 

colcolhar  of  vitriol. 

The  polisher  requires  to  run  at  a  speed  much  short  of  that  of  the  stone,  or  the  eluer. 
Whatever  may  be  lis  diameter,  the  surface  must  not  move  at  a  rale  exceeding  70  or  80 
feet  in  a  second. 

CYANATKS;  saline  compounds  of  cyanic  acid  with  the  bases  potash,  soda,  uDmoBa, 
bQr}-tn,  &c.  The  first  is  prepared  by  calcining,  at  a  dull  red  heat,  a  mixture  of  frrro- 
cyanide  of  iiotassium  (prussiate  of  potash)  and  black  oxyde  of  mani^oese.  The  cyaulci 
have  not  hitherto  been  applied  to  any  use  in  the  arts. 

CYANHYDRIC  Acid ;  another  name  for  the  hydrocyanic  or  prussic  acid.  See  Pici- 
siAN  Blur  and  Prtssic  Acid. 

CYANIDKS;  compounds  of  cyanogen  with  the  metals;  ns  cyanide  of  potassium, so- 
dium, barium,  calcium,  iron,  mercury.  The  last  is  the  only  one  of  importance  in  i 
manufacturing  point  of  view,  since  from  it  prussic  acid  is  made. 

CYANIDES,  FERRO.  Double  compounds  of  cyanogen  with  iron,  and  of  cyanotei 
with  another  metal,  such  as  potassium,  sfHlium,  barium,  &c.  The  ordinary  yellow  pm* 
giate  of  potash  has  this  constitution,  and  is  called  the  ferro-cyanide. 

CYANOGEN.  A  pa«eons  compound  of  two  prime  equivalents  of  charcoal  =  12,  aid 
one  of  Dzoie  =14  —  26;  hydrogen  being  the  radix,  or  I.  It  consists  of  two  Toliunn 
of  vapor  of  carbon,  and  one  volume  of  azote,  condensed  into  one  volume;  and  has  Ihert- 
fore  a  density  equal  to  the  sum  of  the  weights  of  these  three  gaseous  volumes  =  1*815. 
Cyanogen  is  readily  procurrd  by  exposing  the  cyanide  of  mercur)'  to  a  dull  red  heat  is 
a  retort ;  the  gas  is  evolved  and  may  be  collected  over  mercury.  Its  smell  is  very  sharp 
and  penetrating;  it  percrptihly  reddms  tincture  »»f  litmus;  it  is  condensable  by  pressure 
at  a  low  temperature  into  a  liquid  ;  and  bj  a  still  greater  degree  of  cold,  it  is  solidified. 
When  a  liiihtr-d  taper  is  applir-d  to  n  mixture  ofcyano'jrn  and  oxygen,  an  explosion  taka 
placr ;  caibonic  aciil  is  formed,  and  the  awite  is  ?nl  at  liberty. 

For  a  connecKtl  view  of  the  vurions  compounds  of  cynnogen  employed  in  the  arts,  see 
Prussian  Bm  k. 

CIDER  (r/V?rr,  Fr. ;  .ipfcUrrin,  Germ.);  the  vinous  fermenttnl  juice  of  the  apple. 
The  ancients  were  acquainted  with  cider  and  perr)-,  as  we  learn  from  the  following  pas- 
sage of  Pliny  the  naturalist :  **Wine  is  made  from  the  Syrian  pod.  from  pears  and  apples 
of  every  kind."  Book  xiv.  chap.  19.  The  lerm  cider  or'cidre  in  French,  at  first  written 
aidrc,  is  derived  from  the  Latin  word  jsiVrn/,  which  denoted  all  other  fermented  liquors 
except  grape  wine.  Cider  seems  to  have  been  >»rought  into  Normandy  by  the  Moon  of 
Biscay,  who  had  preserved  the  use  of  it  after  coming  into  that  country  from  Africa.  It 
was  nfVTwnrds  spread  through  some  other  pri»viiipes  of  France,  whence  it  was  intro- 
ducfd  into  Fn'-ilfiiid,  (Icrir.nny,  and  Russia.  It  is  sr.ppc^cd  that  l!.e  first  crowlhs  of  Nor- 
mandy adord  still  the  best  specimens  of  cider.  Devonshire  and  Herefordshire  are  the 
counties  of  Enirland  mo<l  famcus  for  this  beverage. 

Strong  and  somewhnt  elrvatwl  cround,  rather  dry,  and  not  I'xposed  to  the  air  of  the 
sea,  or  to  high  wincN,  are  the  best  situnli(>ns  for  the  jriowih  of  the  cider  apple.  The 
fruit  shoulil  be  gathered  in  dr>'  weather.  The  juice  of  npj.les  is  composed  of  a  ereal 
deal  of  water;  a  little  suenr  analogous  to  that  of  the  grape;  a  matter  capable  of  causing 
fermentation  with  cnntMcf  ff  .nir;  a  prrtty  Inree  proportion  f»f  mncilnce,  with  malic  acid, 
acetic  acid,  and  an  nzoti/rtl  innttrr  iii  a  very  small  (juantity.  The  seeds  contain  a  bitter 
suhvtance  and  a  littli*  f  <*jenli:il  oil ;  the  pure  pnrenchyma  or  cellular  membrane  constitntes 
not  more  than  two  prr  ernt.  of  the  whole.  Afier  the  apples  arc  ?athere<l,  they  are  leA 
in  the  bain-loft  for  filVen  <Inys  or  upwards  to  mellow;  some  of  them  in  this  case,  bow* 
ever,  become  soft  and  brown.  This  degree  of  maturation  dimini<.hes  their  mucilage, 
and  develops  alcohol  and  rarbcmic  acid ;  in  consequence  of  which  the  cider  sufiWs  bo 
injury.  There  is  always,  however,  a  little  loss  ;  and  if  this  ripenins  goes  a  Utile  foither 
it  is  very  apt  to  do  harm,  notwithstanding  the  vulcar  prejudice  of  the  country  people  to 
the  contrary.  Too  inneli  care,  indeed,  cannot  be  taken  to  separate  the  sound  from  the 
spoiled  apple** ;  for  the  latter  merely  furnish  an  acid  leaven,  give  a  disagreeable  taste  to 
the  juice,  and  hinder  the  eidrr  from  finin?,  by  leaving  in  it  a  certain  portion  of  the 
parenchjma,  which  the  gelatinous  matter  or  the  fermentation  has  diffused  through  it. 
Unripe  apples  should  be  sepnrnled  from  the  ripe  also,  for  they  possess  too  little  saccba* 
nim  to  be  properly  susceptible  of  the  vinous  fermentation. 

In  France,  where  cider  making  is  most  scientifically  practised,  it  is  prepared  ^ 
crushing  the  apples  in  a  mill  with  revolving  edge-stones,  turned  in  a  circular  stone  cis- 
tern by  one  or  two  horses.  When  the  fruit  is  half  mashed,  about  one  fiflh  of  its  weight 
of  river  water  is  added,  or  the  water  of  lakes.  The  latter  have  been  found  by  expfr 
rience  to  be  preferable  to  other  water. 

In  some  places  a  mill  composed  of  two  cast-iron  fluted  cylinders  placed  parallel  to 
each  other  under  the  bottom  of  a  hopper,  is  employed  for  crushing  the  apples.  Onerf 
the  cylinders  is  turned  by  a  winch,  and  communicates  its  motion  in  the  opposite  di]t^ 
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of  the  flotings  working  into  each  other.  Each  portion  of  the  fmit  must 
ce  through  this  rode  mill  in  order  to  be  sufficiently  mashed ;  and  the  same 
Iter  must  be  added  as  in  the  edge  stone  mill. 

»ples  are  crashed  they  are  usnally  put  into  a  large  tub  or  tun  for  12  or  24 
steeping  aids  the  separation  of  the  jnice,  because  the  fermentative  motion 
lace  in  the  ma5s  breaks  down  the  cellular  membranes ;  but  there  is  always 
hoi  carm>d  r»ff  by  the  carbonic  acid  disengaged,  while  the  skins  and  seeds 
greeable  taste  in  the  liquid.  The  vatting  might  be  suppressed  if  the  apples 
linuted  as  to  give  out  their  juice  more  readily.  With  slight  modifieationsy 
mployed  in  raspin?  and  scjueezing  the  beet-roots  might  in  my  opinion  be 
rreat  advantage  to  the  cider  manufacture.  See  Sugar. 
Httin?,  the  mashed  fruit  is  carried  to  the  press  and  put  upon  a  square  wicker 

a  hair  bair,  souietimes  between  layers  of  straw,  and  exposed  stratum  super 
roni;  pressure  till  what  is  called  a  cheese  or  cake  is  formed.  The  maas 
wed  to  drain  for  some  time  before  applying  pressure,  which  ought  to 
lually  increased.  The  juice  which  exudes  with  the  least  pressure 
>st  cider ;  that  which  fiows  towards  the  end  acquires  a  disagreeable  taste 
s  and  the  skins.  The  must  is  put  into  casks  with  large  bungholes,  where 
,8  to  exhibit  a  tumultuous  fermentation.  The  cask  must  be  completely 
r  that  all  the  li?ht  bodies  suspended  in  the  liquid  when  floated  to  the  top 
nic  acid  may  flow  over  wiih  the  froth ;  this  means  of  clearing  cider  is 
lecessary  with  the  weak  kinds,  because  it  cannot  be  expected  that  these 
(pension  will  fall  to  the  bottom  of  the  casks  afler  the  motion  has  ceased, 
ry  circumstance  besides,  when  no  saccharine  matter  has  been  added  to  the 
id  of  yeast  which  rises  to  the  ti)p  must  be  separated,  lest  by  precipitation 
an  acid  fermentation  in  the  cider.  The  casks  are  raised  upon  gawntrees 
L  order  to  place  flat  tubs  below  them  to  receive  the  liquor  which  flows  over 
li.  At  the  end  of  two  or  three  days,  for  weak  ciders  which  are  to  be 
hat  sweet,  of  6  or  10  days  or  more  fur  stronger  ciders,  with  variations  for 
le  weather,  the  fermentation  will  be  sufficiently  advanced,  and  the  cider  may 

into  other  casks.  Spirit  puncheons  preserve  cider  better  than  any  other, 
es  the  casks  should  be  well  seasoned  and  washed.  Sometimes  a  sulphur 
ned  in  them  before  introducing  the  cider,  a  precaution  to  be  generally 
,  as  it  suspends  the  activity  of  the  fermentation,  and  prevents  the  formation 

procured  by  the  first  expression  is  called  cider  without  water.  The  cake 
the  press  is  taken  out,  divided  into  small  pieces,  and  mashed  anew,  adding 
e  weight  of  water,  when  the  whole  is  carried  back  to  the  press  and  treated 
iribed.  The  liquor  thus  obtained  furnishes  a  weaker  cider  which  will  not 
before  mnst  be  drunk  soon. 

is  once  more  mashed  up  with  water,  and  squeezed,  when  it  yields  a  liquor 
d  used  instead  of  water  for  moistening  fresh  ground  apples. 
BSCS  above  described,  although  they  have  been  loni;  practised,  and  have 
stamp  of  ancestral  wisdom,  are  extremely  defective.  Were  the  apples  ground 
r  rotatory  rasp  which  would  tear  all  their  cells  asunder,  and  the  mash  put 
lydraulic  press  in  bags  between  hurdles  of  wicker-work,  the  juice  would 
in  a  state  of  perfection  fit  to  make  a  cider  superior  to  many  wines, 
ntal  process  of  this  kind  has  been  actually  executed  in  France  upon  a  oon- 
le,  with  the  best  results.  The  juice  had  the  fine  flavor  of  the  apple,  was 
itself  without  any  previous  fermentation  in  the  mash,  and  aflforded  an  excel- 
der  which  kept  well. 

must  of  the  apples  is  weak  or  sour,  good  cider  cannot  be  made  from  it 
iddition  of  some  saccharine  matter.  The  sirup  into  which  potato  farina 
>  by  diastM  (saccharine  ferment),  see  Stabch  and  Sugar,  wonM  answer 
thing  poor  apple  juice. 


D- 

the  same  as  Inuline,  the  fecula  obtained  from  elecampane,  analogous  in 
B  to  Starch.   It  is  not  employed  in  the  arts. 

US  BLADES,  are  swords  or  cimeters,  presenting  upon  their  snrfaee 
appearance  of  watering^  as  white,  silvery,  or  black  veins,  in  fine  lines, 
rons,  crossed,  interlaced,  or  parallel,  &c.  They  are  brought  from  the  East, 
led  chiefly  at  Damascus,  whence  their  name.  Their  excellent  quality  has 
erbial ;  for  which  reason  these  blades  are  much  sought  after  by  militaiy 
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men,  and  are  high  priced.  The  oriental  processes  hare  never  been  Mtisfactorny  it- 
sciibed  ;  but  of  lale  years  methods  have  been  devised  in  Europe  to  imitate  the  fabric  tu; 
well. 

Clouet  and  Ilachette  pointed  out  the  three  following  processes  fur  prododng  Da- 
mascus blades  :  1,  that  of  paralkl jilleis;  2,  that  by  torsion;  3,  the  mOMaic.  Thefint, 
which  is  still  pursued  by  some  French  cutlers,  consists  in  scooping  out  with  a  grtnne 
tool  the  faces  of  a  piece  of  stulf  cun)posed  of  thin  plates  of  difTerent  kinds  of  iterL 
These  hollows  are  by  a  subsequent  operation  filled  up,  and  brought  to  a  IcacI  wiih  lie 
eJLternal  faces,  u|K>n  which  they  subsequently  form  tress-like  figures.  2.  The  method  of 
torsion  which  is  more  generally  employed  at  present,  consists  in  forming  a  bandle  of 
rods  or  slips  of  slrel,  which  are  welded  together  into  a  well-wrought  bar,  tvisted 
several  tiuns  round  its  axis.  It  is  re|ieated]y  forged,  and  twisted  alternately ;  aAer 
which  it  is  slit  in  the  line  of  its  axis,  and  the  two  halves  are  welded  with  their  oatsiks 
in  contact;  by  which  means  their  faces  will  exhibit  very  various  configurations.  3.  The 
mo>aic  methcHl  consists  in  preparing  a  bar,  as  by  the  torsion  plan,  and  cutting  tliis  bu 
into  short  pieces  of  nearly  equal  Itncth,  with  which  a  fagot  is  formed  and  welded 
together;  taking  care  to  preserve  the  sections  of  each  piece  at  the  surface  of  the  btade. 
In  this  way,  all  the  variety  of  the  design  is  displayed,  coi  n-sponding  to  each  fragment  of 
the  cut  bar. 

The  blades  of  Clouet,  independently  of  their  excellent  quality,  their  flexibility,  ud 
extreme  elasticity,  have  this  advantage  over  the  oriental  blades,  that  they  exhibit  in  the 
very  substance  of  the  metal,  designs,  letters,  inscriptions,  and,  generally  speaking,  iH 
kinds  of  figures  which  hnd  been  delineated  beforehand. 

Notwithstanding  these  successful  results  of  Clouet,  it  was  pretty  clear  that  the  watered 
designs  of  the  true  Damascus  cinieter  were  essentially  dillcrent.  M.  Breant  has  it 
last  completely  solved  this  problem.  lie  has  demonstrated  that  the  substance  of  the 
oriental  blades  is  a  cast-steel  more  highly  charged  with  carbon  than  our  European  steeh, 
and  in  which,  l.y  means  of  a  cooling  suimMy  cmducted,  a  crystallization  takes  place 
of  two  distinct  combinations  of  carbon  and  iron,  'i'his  separation  is  the  essential  coadi* 
tion ;  for  if  the  melted  steel  be  suddenly  cooled  in  a  >mall  crucible  or  ingot,  there  b  bo 
damascene  appearance. 

If  an  excess  of  carbon  be  mixed  with  iron,  the  whole  of  the  metal  will  be  converted 
into  steel ;  and  the  residuary  carbon  will  combine  in  a  new  proportion  with  a  portion  of 
the  steel  so  foiiiied.  Theie  will  be  two  distinct  conipounds;  namely,  pure  steel,  and 
carburetrd  sttt  1  or  casl-itun.  These  nl  fu>l  Icing  imju-rfeclly  mixe-d  Mill  tend  to 
separote,  if  while  still  liuid  they  be  left  in  a  state  if  rci-ose;  jii»d  form  a  crystallizatitffi 
in  which  the  particles  of  the  two  cnupouruls  will  ]jlnce  themselves  in  the  crucible  in  ao 
order  determined  by  their  alliiiily  uiul  den-ily  ctinjuined.  If  a  blade  forged  out  of  steel 
so  prepared  be  immersed  in  aciduhms  water,  il  will  display  a  very  distinct  Damascas 
appearance;  the  portions  of  pure  st(el  beconiing  blnck,  and  those  cf  carbureted  steel 
remaining  white,  because  the  acids  with  dilHcully  disen«o^r  its  carlK)n,  The  slower 
such  a  compound  is  cotded,  the  larger  the  Damascus  veins  will  be.  Traveruier  relates 
that  the  steel  crucible  insjots,  like  those  of  wootz,  for  making  the  true  oriental  Damascus 
come  from  tiolconda,  that  they  aie  of  the  size  of  a  halfpenny  roll,  and  when  cut  in  two, 
form  two  swords. 

iStecl  combinetl  with  manganese  forges  easily,  but  it  is  brittle  when  cold ;  it  display! 
however  the  Damascus  apj)earance  very  strongly. 

A  mixture  of  100  parts  of  soft  iron,  and  2  of  lamp  black,  melts  as  readily  as  ordinary 
steel.  Several  of  the  best  blades  which  M.  Bn  anl  presented  to  the  Societe  d*Encourag^ 
ment  are  the  product  of  this  combination.  This  is  an  easy  way  of  making  cast-steel 
without  pievious  cementation  of  the  iron.  100  parts  of  filings  of  very  gray  cast-iron, and 
100  parts  of  like  filings  previously  oxydized,  produced,  by  their  fusion  together,  a  betutifiil 
damascene  si'-el,  fit  for  forging  into  while  amis,  sabres,  swords,  &c.  This  compound  is 
remarkable  for  its  elasticity,  an  essenial  quality,  not  possessed  by  the  old  Indian  steel. 
The  greater  the  propoition  of  the  oxydized  cast-iron,  the  toucher  is  the  steel.  CareshouM 
lie  taken  to  stir  the  materials  during  their  fusion,  before  it  is  allowed  to  cool ;  otherwise 
they  will  not  afibrd  a  homogeneous  damasc.  If  the  steel  contains  much  carbon  il 
is  difficult  to  forge,  and  cannot  be  drawn  out  except  wilhina  narrow  range  of  temperatnre. 
When  heated  to  a  red-while  it  crumbles  under  the  hammer ;  at  a  cherry-red  il  becomw 
hard  and  brittle;  and  as  it  progressively  cools  it  becomes  still  more  unmalleable.  Itr^ 
scmbles  completely  Indian  steel,  which  European  blacksmiths  cannot  forge,  because  the! 
are  ignorant  of  the  suitable  temperature  for  working  it.  M.  Breant,  by  studying  this 
point,  succeeded  in  forging  fine  blades. 

Experience  has  proved  that  the  orbicular  veins,  called  by  the  workmen  knots  d 
tkonu  (ronces),  which  are  seen  upon  the  finest  Eastern  cimelers,  are  the  result  of  th« 
manner  of  forging  them,  as  well  as  the  method  of  twisting  the  Damascus  bars. 
these  be  drawn  in  length,  the  veins  will  be  longitudinal;  if  they  be  spread  equally  in 
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directions,  the  iitnff  will  have  a  crystalline  aspect ;  if  they  be  made  wavy  in  the  two 
directions,  undulated  veins  will  be  prodaced  like  those  in  the  oriental  Damascus. 

DAMASK  is  a  variegated  textile  fabric,  richly  ornamented  with  figures  of  flowers, 
fmits,  landscapes,  animals,  &c.,  woven  in  the  loom,  and  is  by  far  the  most  rich,  elegant, 
and  expensive  species  of  ornamental  weaving,  tapestry  alone  excepted.  The  name  is 
said  to  be  derived  from  Damascus,  where  it  was  anciently  made. 

Damask  belongs  to  that  species  of  texture  which  is  distinguished  by  practical  men  by 
the  name  of  tweelin?,  of  which  it  is  the  richest  pattern.  The  tweel  of  damask  is  usually 
half  that  of  full  sathij  and  consequently  consists  of  eight  leaves  moved  either  in  regular 
succession  or  by  regular  intervals,  eight  leaves  being  the  smallest  number  which  will  ad- 
mit of  alieniate  tweeling  at  equal  intervals. 

la  the  article  Carpet,  two  representations  have  been  given  of  the  damask  draw- 
loom. 

The  generic  difference  of  tweeling,  when  compared  with  common  cloth,  consists  in  the 
intersections,  although  uniform  and  equidistant,  being  at  determinate  intervals,  and  not  be- 
tween the  alternate  threads.  Hence  we  have  specimens  of  tweeled  cloth,  where  the  in- 
tersections take  place  at  the  third,  fourth,  fifth,  sixth,  seventh,  eighth,  or  sixteenth  intervol 
only.  The  threads  thus  deflecting  only  from  a  straight  line  at  intervals,  preserve  more 
of  their  original  direction,  and  a  much  greater  quantity  of  materials  can  be  combined  in 
an  equal  space,  than  in  the  alternate  intersection,  where  the  tortuous  deflection,  at  every 
interval,  keeps  them  more  asunder.  On  this  principle  tweeled  cloths  of  three  and  four 
leaves  are  woven  for  facility  of  combination  alone.  The  courser  species  of  ornamented 
cloths,  known  by  the  names  of  dornock  and  diaper,  usually  intersect  at  the  fifth,  or  half 
satin  interval.  The  sixth  and  seventh  are  rarely  u<«ed,  and  the  intersection  at  the 
eighth  is  distincruished  by  the  name  of  satin  in  common,  and  of  damask  in  ornamental 
tweeling.  It  will  further  be  very  obvious,  that  where  the  warp  and  woof  cross  only  at 
every  eighth  inter\'al,  the  two  sides  of  the  cloth  will  present  a  diversity  of  appearance ; 
for  on  one  side  the  longitudinal  or  warp  threads  will  run  parallel  from  one  end  of  a  web 
to  the  other,  and,  on  the  other,  the  threads  of  woof  will  run  also  parallel,  but  in  a  trans- 
Terse  direction  across  the  cloth,  or  at  right  angles  to  the  former.  The  points  of  intersec- 
tion being  only  at  every  eighth  interval,  appear  only  like  points ;  and  in  regular  tweeling 
these  form  the  appearance  of  diagonal  lines,  inclined  at  an  angle  of  45°  (or  nearly  so)  to 
each  of  the  former. 

The  appearance,  therefore,  of  a  piece  of  common  tweeled  cloth  is  very  similar  to  that 
of  two  thin  boards  glued  together,  with  the  grain  of  the  upper  piece  at  right  angles  to 
that  of  the  under  one.  That  of  an  ornamental  piece  of  damask  may,  in  the  same  man- 
ner, be  very  properly  assimilated  to  a  piece  of  veneering,  where  all  the  wood  is  of  the 
same  substance  and  color,  and  where  the  figures  assume  a  diversity  of  appearance  from 
the  cround,  merely  by  the  grain  of  the  one  being  disposed  perpendicularly  to  that  of  the 
other.   See  Tkxtile  Fabric. 

From  this  statement  of  the  principle,  it  results  that  the  most  unlimited  variety  of  figures 
will  be  produced,  by  constructing  a  loom  by  which  every  individual  thread  of  warp  may 
be  plac«l  either  above  or  below  the  woof  at  every  intersection ;  and  to  effect  this,  in 
bonndless  variety,  is  the  object  of  the  Jacqnard  mounting;  which  see. 

The  chief  seat  of  this  manufacture  is  probably  the  town  and  neighborhood  of  Dun- 
fermline, in  Fifeshire,  and  Lisburri  and  Ardoyne,  near  Belfast,  where  it  is  considered  as 
the  staple,  having  proved  a  very  profitable  branch  of  traffic  to  the  manufacturer,  and 
given  employment  to  many  industrious  people. 

The  material  used  there  is  chiefly  linen ;  but  many  have  been  recently  woven  of  cotton, 
linee  the  introduction  of  that  article  into  the  manufacture  of  cloth  has  become  so  prev- 
alent. The  cotton  damasks  are  considerably  cheaper  than  those  of  linen;  but  are  not 
considered  either  so  elegant  or  durable.  The  cotton,  also,  unless  frequently  bleached,  does 
sot  preserve  the  purity  of  the  white  color  nearly  so  well  as  the  linen. 

DAMASKEENING ;  the  art  of  ornamentin?  iron,  steel,  &c.,  by  making  incisions  upon 
its  sarface,  and  filling  them  up  with  gold  or  silver  wire ;  chiefly  used  in  enriching  sword 
blades,  guards,  and  gripes,  locks  of  pistols,  &c. 

Its  name  shows  the  place  of  its  origin,  or,  at  least,  the  place  where  it  has  been  prac- 
tised in  the  greatest  perfection  ;  viz.,  the  city  of  Damascus,  in  Syria;  though  M.  Felibien 
attributes  the  perfection  of  the  art  to  his  countryman,  Cursinet,  who  wrought  under  the 
rcisn  of  Henry  IV. 

Damaskeening  is  partly  mosaic  work,  partly  engraving,  and  partly  cnr\'lng.  As  mosaic 
ivork  it  consists  of  pieces  inlaid  ;  as  engraving,  the  metal  is  indented,  or  cut  in  intaglio ; 
and  as  carving,  gold  and  silver  are  wrought  into  it  in  relievo. 

There  are  two  ways  of  damaskeening;  in  the  first,  which  is  the  most  beautiful,  the 
artists  cnt  into  the  metal  with  a  graver,  and  other  tools  proper  for  engraving  upon 
ated,  and  afterwards  fill  up  the  incisions,  or  notches,  with  a  pretty  thick  silver  or  gold 
irire.   In  the  other,  which  is  only  superficial,  they  content  themselves  to  make  hatches, 
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or  strokes  across  the  iron,  fu.  with  a  cutting  knife,  such  as  is  used  in  makiiig  of  ml 
files.  As  to  the  first,  it  is  necessary  for  the  gravings  or  incisions  to  be  nuMle  in  the  dors- 
tail  form ;  that  the  gold  or  silver  wire,  which  is  thmst  forcibly  into  them,  may  adhere  Oe 
more  strongly.  As  to  the  second,  which  is  the  more  usual,  the  method  is  this : — ^Havisf 
heated  the  steel  till  it  chani;es  to  a  violet,  or  blue  color,  they  hatch  it  over  and  acroN 
with  the  knife;  then  draw  the  enMgn  or  ornament  intended,  upon  this  hatching,  withs 
fine  brass  point  or  bodkin.  This  done,  they  take  fine  gold  wire,  and  eondncting  or  cAamf 
it  according  to  the  figures  already  designed,  they  sink  it  carefoUy  into  the  hatchet  of  tke 
metal  with  a  copper  tool. 

DAMASSIN  is  a  kind  of  damask,  with  gold  and  silver  flowers,  woven  in  the  warp  aad 
woof;  or  occasionally  with  silk  organzine. 

DAMPS,  in  mining,  are  noxious  exhalations,  or  rather  gases,  so  called  from  the  Germ 
damp/,  vapor.  There  are  two  principal  kinds  of  mine  gases,  Jirt-dampf  or  carboretei 
hydrogen,  and  the  chokt-damp,  or  carbonic  acid  gas.   See  Min£s. 

DAPHMXE ;  the  bitter  principle  of  the  Dafiine  jSlpina. 

DATOLITE.   A  mineral  composed  of  silica,  lime,  and  boracic  acid. 

DECANT ATION  (Eng.  and  Fr. ;  JbgUtteti^  Germ.)  is  the  act  of  poaring  off  the  dear 
supernatant  fluid  from  any  sediment  or  deposite.  It  is  much  employed  in  the  ebouMl 
arts;  and  is  most  conveniently  effected  by  a  syphon. 

DECOCTION  (Eng.  and  Fr. ;  Jlhkochung,  Germ.)  means  either  the  act  of  boiliag 
a  liquid  along  with  some  organic  substance,  or  the  liquid  compound  resulting  from  thit 
act. 

DECOMPOSITION  (Eng.  and  Fr. ;  Zcnftzunjt,  Germ.)  is  the  separation  of  the  coa- 
stituent  principles  of  any  compound  body.  The  following  table,  the  result  of  impoitaat 
researches  recently  made  by  M.  Perf^)Z,  Professor  of  Chemistry  at  Strashurgh,  showi  the 
order  in  which  decompositions  take  place  among  the  successive  substances. 


Nitric  Acid. 

Muriatic  Add. 

Oxyde  of  Magnesium 

Oxyde  of  Magnesiom 

—  Silver 

Cobalt 

—  Cobalt 

Nickel 

—  Nickel 

Protox.  of  Mercury 

Protox.  of  Cerium 

Cerium 

Oxyde  of  Zinc 

Oxyde  of  Zinc 

Protox.  of  Mani|:ane5e 

Protox.  of  Manganese 

Oxyde  of  Lend 

Iron 

—  Cadmium 

Uranium 

—  Copper 

Copper 

—  Glucinum 

Tin 

—  Aluniium 

Oxvde  of  Glucinum 

—  Uranium 

Alumium 

—  Chromium 

Uranium 

Protox.  of  Mercury 

Chromium 

Oxyde  of  Mercury 

Iron 

—  Iron 

Tin 

—  Bismuth 

Bismuth 

Antimony 

By  means  of  the  cupric  oxyde  wo  may  se|>arale,  1,  the  ferric  oxyde  from  the  manganoifr 
oxyde ;  2,  the  cobaltic,  nickelic,  zincic  and  cerous  oxydes  from  the  uranic,  ferric,  chrooic, 
and  aluminic  oxydes;  3,  the  ferrous  oxyde  from  the  chromic  oxyde,  when  dissolved  in  tk 
muriatic  acid. 

In  boiling  a  muriatic  solution  of  the  coballic,  nickelic,  and  manganous  oxydes,  with  the 
mercuric  oxyde,  the  first  two  oxydes  alone  are  precipitated.  Alumina  separates  thecsd- 
mic  oxyde  from  the  bismuthic  oxyde,  the  stannous  oxyde  from  the  stannic  oxyde,  and  the 
stannous  oxyde  from  the  antimonic  acid.  The  cupric  oxyde  separates  also  by  precipiti- 
tion,  the  aluminic,  unmic,  chromic,  titanic,  and  vanadic  oxydes  from  all  the  ox}-des  which 
are  precipitable  in  the  state  of  sulphuret,  by  hydrosulphurct  of  ammonia. 

As  an  example  of  this  mode  of  analysis — 

Dissolve  pech-blende  in  aqua  reuia,  precipitate  its  copper  by  sulphureted  hydrogei* 
boil  the  liquifl  nloni?  with  nitric  acid,  in  order  to  transform  all  the  uranium  into  nnuiie 
acid.  Next  boil  it  along  with  cupric  oxyde,  which  precipitates  only  the  uranic  and  feirjc 
oxydes.  Kcdissolve  the  precipitate  in  nitric  acid,  and  boil  the  solution  with  mercorie 
oxyde,  which  does  not  precipitate  the  ferric  oxyde.  Finally,  separate  the  copper  and  the 
mercury  from  the  uranium,  by  means  of  sulphureted  hydrogen.  In  this  process  we  msy 
substitute  plumbic  oxyde  for  the  cupric  oxyde,  and  succeed  equally  well. 

Knowledec,  like  the  above,  of  the  elective  aflinities  and  habitudes  of  chemical  bodies* 
simple  and  compound,  imparts  to  its  possessor  an  irresistible  power  over  the  nnu>ns  and 
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anions  of  the  elements,  which  he  can  exercise  with  certainty  in  efiecting  innumerable 
Dsformations  in  the  arts. 

DECREPITATION  (Eng.  and  Fr. ;  VerknUtem,  Germ.)  is  the  crackling  noise, 
ended  with  the  flying  asunder  of  their  parts,  made  by  several  salts  and  minerals^ 
en  heated.  It  is  caused  by  the  unequal  sudden  expansion  of  their  substance  by  the 
It.  Sulphate  of  bar}'ta,  chloride  of  sodium,  calcareous  spar,  nitrate  of  baryta,  and  many 
re  bodies  which  contain  no  water,  decrepitate  most  violently,  separating  at  the  natural 
its  of  their  crystalline  structure.  Some  chemists  have  preposterously  enough  ascribed 
I  phenomenon  to  the  expansion  of  the  combined  water  into  steam.  What  a  specimen 
inductive  philosophy  ! 

DEFECATION  (En?,  and  Fr. ;  Klareuy  Germ.),  the  freeing  from  dregs  or  impurities. 
DEFLAGRATION  (Eng.  and  Fr. ;  Verpuffung,  Germ.),  the  sudden  blazing  up  of  a 
obustible ;  as  of  a  charcoal  or  sulphur  when  thrown  into  melted  nitre. 
DELPHINIA.    The  vegeto-alkaline  principle  of  the  Delphinium  ttaphyaagria,  or 
vesacre.    It  is  poisonous. 

DELIQUESCENT  (Zerjliessen,  Germ.)  is  said  of  a  solid  which  attracU  so  much 
istore  from  the  air  as  to  become  spontaneously  soft  or  liquid ;  such  as  potash  and 
riate  of  lime. 

DEPHLEGMATION  is  the  process  by  which  liquids  are  deprived  of  their  watery  par- 
es. It  is  applied  chiefly  to  spirituous  liquors,  and  is  now  nearly  obsolete,  as  involving 
alchemistical  notion  of  a  peculiar  principle  called  phlegm. 

DEPHLOGISTICATED ;  deprived  of  phlogiston, —  formerly  supposed  to  be  the 
imon  combustible  principle.  It  is  nearly  synonymous  with  oxygenated.  The  idea 
j^inally  attached  to  the  word  having  proceeded  from  false  logic,  the  word  itself  should 
rer  be  used  either  in  science  or  manufactures. 

DEPILATORY  {Depilatoire,  Fr.  ;  Enthaaretumittely  Germ.)  is  the  name  of  any 
istance  capable  of  removin<^  hairs  from  the  human  skin  without  injurins;  its  texture, 
ey  act  either  mechanically  or  chemically.  The  first  are  commonly  glutinous 
sters  formed  of  pitch  and  rosin,  which  stick  so  closely  to  the  part  of  the  skin  where 
y  are  applied,  that  when  removed,  they  tear  away  the  hairs  with  them.  This  method 
more  painful,  but  less  dangerous  than  the  other,  which  consists  in  the  solvent 
ion  of  a  menstruum,  so  energetic  as  to  penetrate  the  pores  of  the  skin,  and  destroy 

bulbous  roots  of  the  hairs.  This  is  composed  either  of  caustic  alkalis,  sulphuret  of 
yta,  or  arsenical  preparations.    Certain  vegetable  juices  have  also  been  recommended 

the  same  purpose;  as  spurge  and  acacia.  The  bruised  eggs  of  ants  have  likewise 
n  prescribed.  But  the  oriental  rusma  yields  to  nothing  in  depilatory  power, 
let  de  Gassincourt  has  published  in  the  Diclionnaire  des  Sciences  Medicales,  the  follow- 

reci|>e  for  preparini?  it. 

^lix  two  ounces  of  quicklime  with  half  an  ounce  of  orpiment  or  realgar,  (sulphuret 
arsenic;)  boil  that  mixture  in  one  pound  of  strong  alkaline  ley,  then  try  its  strength 
dippin?  a  feather  into  it,  and  when  the  flue  falls  ofl*,  the  rusma  is  quite  strong  enough, 
is  applied  to  the  human  skin  by  a  momentary  friction,  followed  by  washing  with 
rm  water.  Such  a  caustic  liquid  should  be  used  with  the  greatest  circumspection, 
;inning  with  it  somewhat  diluted.  A  soap  is  sometimes  made  with  lard  and  the 
»ve  incredicnts ;  or  soft  soap  is  combined  with  them ;  in  either  case  to  form  a  depiln- 
f  pommade.  Occasionally  one  ounce  of  orpiment  is  taken  to  eight  ounces  of  quicklime, 
two  to  twelve,  or  three  to  fideen ;  the  last  mixture  being  of  course  the  most  active, 
causticity  may  be  tempered  by  the  addition  of  one  eighth  of  starch  or  rye  flour,  so  as 
i«Nin  a  soft  paste,  which  being  laid  upon  the  hairy  spot  for  a  few  minutes,  usually  car- 
I  away  the  hairs  with  it. 

The  runma  should  never  be  applied  but  to  a  small  surface  at  a  time,  for  independently 
the  risk  of  corroding  the  skin,  dangerous  consequences  might  ensue  from  absorption 
the  arsenic. 

DETONATION.    See  Fulminating,  for  the  mode  of  preparing  detonating  powder  for 

liercussinn  caps  of  fire-arms. 
DEUTOXYDE  literally  means  the  second  oxyde,  but  is  usually  employed  to  denote 
ompound  containing  two  atoms  or  two  prime  equivalents  of  oxygen  to  one  or  more  of 
netal.  Thus  we  say  deutoxyde  of  copper,  and  dentoxyde  of  mercury.  Berzelins  has 
deviated  this  expression  by  adopting  the  principles  of  the  French  nomenclature  of 
a'-cnrdins:  to  which  the  higher  stage  of  oxydizement  Is  characterized  by  the  termina- 
a  tc,  and  the  lower  by  ous,  and  he  writes  accordingly  cupric  and  mercuric,  to  designate 
;dentoxydes  of  these  two  metals ;  cuprous  and  mercurous  to  designate  their  protoxydes. 
mwe  adopted  this  nomenclature  in  the  article  Decomposition,  and  in  some  other  parti 
this  Dictionary,  as  being  short  and  sufficiently  precise. 

DEXTRINE  is  a  matter  of  a  gummy  appearance  into  which  the  interior  substance 
the  molecules  of  starch  is  converted,  through  the  influence  of  diastase  or  acids,  it 
rives  its  name  from  the  circumstance  that  it  turns,  more  than  any  other  body,  the 
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plane  of  i>olarization  to  the  right  hand.  It  is  white,  insipid,  withont  smell,  trensparept 
in  thin  plates,  friablr,  with  u  ulassy  fracture  when  well  dried.  It  is  not  Altered  by  the 
heat  of  boilinj;  water,  but  at  280^  F.  it  becomes  brown,  and  acquires  the  flavor  of  tMfted 
bread.  It  id  not  colored  by  iodine,  like  starch,  it  does  not  form  muric  acid  with  the  nitric, 
as  cunmion  nMm  dors,  and  it  is  transformed  into  crape  sugar,  when  heated  along  wiib 
dilute  sulphuric  acid  <  r  diastase. 

Dextiine  is  much  em])Ioyed  by  the  French  pastry-cooks  and  confectioners;  it  is  a  coud 
substitute  for  ^um  arabic  in  medicine.  Fur  tlie  conversion  of  potato  or  other  starch  into 
dextrine  by  the  action  of  dinstn>(',  see  this  article. 

DIAMOND.  Since  this  lK»d\  is  merely  a  condensed  form  of  carbon,  it  cannot  in  i 
chemical  classification  be  ranked  among  stones;  but  as  it  forms  in  commerce  the  mod 
precious  of  the  ceni>,  it  clniiTi!(>  our  fii->X  attention  in  a  practical  treatise  on  the  artk 
Diamonds  are  dtsiinciii>bnbk'  by  a  creat  many  peculiar  properties,  very  remarkable  and 
easily  recognised,  both  in  their  ruush  state,  and  Avhen  cut  and  polished.  Their  mtsi 
absfilute  and  constant  chnrncter  is  a  degree  of  hardness  superior  to  that  of  every  minettl, 
whence  diamonds  scratch  all  other  bodies,  and  are  scratched  by  none.  Their  peculiar 
adamantine  lu>tre,  not  easy  to  define,  but  readily  distinguishable  by  the  eye  from  thalcif 
eveiy  other  cern,  is  their  most  obvious  feature.  Their  specific  gravity  is  3*5.5.  Whether 
roueh  or  )M)lished,  diamonds  acquire  by  fiiction  positive  electricity,  but  do  not  retain  it 
for  more  than  half  an  hour.  Tlie  natural  form  of  diamonds  is  deiivabie  from  an  oriahe* 
dron,  and  they  never  present  crystals  having  one  axis  loniier  than  the  other.  Their  struc- 
ture is  very  perceptibly  lamellar,  and  therefore,  notwithstanding  their  great  hardnev. 
they  are  biittle  and  give  way  in  the  line  of  their  cleavage,  aflbrding  a  direct  lueaosof 
arrivtne  nl  their  primitive  foim,  the  regular  octnhtdion. 

Tlie  diamond  possesses  either  single  or  double  refraction,  ncconling  to  its  different  cry*, 
talline  forms ;  its  refractive  pow^r  on  licht  is  far  srenter  tlinn  it  ought  to  be  in  the  ratio 
of  its  density  ;  the  index  of  refraction  beini;  2'  1 1.  whence  Newton  hmg  ago  supposed  it  to 
consist  of  inilanimable  matter.  Its  variou>  funns  in  natui  e  present  a  circumstance  peculiar 
to  this  Ixidj  ;  iU  faces  are  rarely  tern.innted  by  planes,  like  most  other  native  crystals, 
but  th<  y  are  (  Hen  roundi-d  oil',  and  the  edsres  between  them  nre  curved.  "IVhen  thfse 
secondary  faces  are  otttntively  examin(?d  with  a  lens,  we  remark  that  they  are  marked 
with  striu',  sometrime^  veiy  fine  and  almost  imperceptible,  but  at  others  well  defined;  and 
that  these  stria?  are  parallel  to  ihi>  ed2e>  of  the  octahedron,  and  consequently  to  thoseof 
the  platen  that  are  applied  on  the  piin)itive  faces  of  this  fii;nre. 

Diaiiicnd^  are  \isually  eoluile^>!  and  transparent  ;  when  colc^l,  their  onlinan*  tint 
verj^rs  upon  y»-ll(i\v,  or  MiM'Kf-j  rllow,  appn»achiiii;  Mimetiines  to  i)lncki>h-lirowii.  Grten 
dianioinis  uw  next  t<»  y  llow  the  iimsl  roinnion  ;  the  blue  possess  rarely  a  livelj  hue,  bat 
thr)  are  n.i.eh  ("»teeir:»  ;l  in  Scotland.  Tlir  rnscnr  pink  diamoiuU  are  the  most  vnlutil  of" 
the  cohiii  il  kinii,  nn<l  exceed  scimMiiries  in  price  the  most  linij)id  j  thoui-h  generaliy 
speakin*;  the  latter  are  the  most  hiuhly  jiiized. 

1'he  u'-oloL-ical  locality  ol'  th^  di  imoiul  srrms  to  be  in  diln\ial  gravel,  and  among  con- 
glomerale  r(»cks;  consistini;  piincipaliy  ut  lVaj;ni»nts  of  quaitz.  or  rolled  pebbles  of  quart! 
mixed  with  fi  rruL'incjU'i  santi,  which  c».ii:|M»se  soineiimes  hard  aggregated  masses.  ThL* 
kind  of  formation  is  called  msralho  in  Hra/.il.     Its  accompan\ in?  minerals  are  few  in 
number,  beinu  merely  black  (»x\de  of  iron,  micaceous  inm  ore,  piriform  iron  ore,  fmcmenl* 
of  »ilaty  jasper,  several  varieties  of  q\iartz,  principally  nmeth}st.    In  Mr.  Henland'* 
splendid  eolltction  there  was  a  Hra/ilian  diamond  imbedded  in  brown  iron  ore;  another 
in  the  sann'j  bebniL'iiijr  to  M.  Schnch.  lihiarian  to  the  Ciown  Piincess  of  Portugal;  and 
in  th<.'  cabinet  of  M.  K>chweL'e  there  is  a  mass  of  brown  iion  ore,  containing  a  diamonii 
in  th(!dru'!y  cavity  of  a  en  en  mineial,  conjectured  to  be  nrseniale  of  iron.    From  ihnt 
facts  it  may  he  inlVned  with  much  probability  that  Ihv  matrix  or  original  leposiior)' of  tif 
diam(md  (»1  Hruzil  i>  brown  iron  ore,  which  occurs  in  beds  (»f  slaty  qunrtzose  micoceou? 
iron  (ue,  or  in  beds  composed  of  iron-ijlance  and  magnrtic  iron  ore,  both  of  which  are 
apparently  subordinate  in  thai  country  to  priinilive  clay  slate. 

Th(?  loose  earth  con'ainini;  (liamond^  lies  always  a  little  way  beneath  the  surface  of 
the  soil,  towards  the  lower  outlet  of  broad  valleys,  rather  than  U|)on  the  ridges  of  the 
adjoiniuL'  bills. 

Only  twj)  pl(trc.'(  on  the  earth  can  be  adduced  with  certainty  as  diamond  niinpf,or 
rather  district*;;  a  portion  of  the  Indian  peninsula,  and  of  lirazil. 

India  has  been  celebrated  from  the  most  remote  antiquity  as  the  country  of  diamond*. 
Its  principal  mines  are  in  the  kingdoms  of  CJolconda  and  Visnpour,  extending  from 
Cape  Comorin  to  Bens:al,  nt  the  foot  of  a  chain  of  mountains  called  the  Onj-tf, 
appear  to  belong  to  the  trap  rock  Ibrmation.  In  all  the  Indian  diamond  soils,  these 
gems  are  >o  dispersed,  that  they  are  rarely  found  directly,  even  in  searching  the  richest 
spots,  because  tlipy  are  enveloj)ed  in  an  earthy  crust,  which  must  be  removed  before  they 
can  be  seen.  The  stony  matter  is  therefore  broken  into  pieces,  and  is  then,  as  well  ^ 
the  looser  earth,  washed  in  basins  scooped  out  on  purpose.   The  gravel  thus  washed  is 
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collected,  spread  out  on  n  smooth  piece  of  ground,  and  Ief\  to  dry.  The  diamonds  are 
now  recognised  by  their  sparkling  in  the  sun,  and  are  picked  out  from  the  stones. 

The  diamond  mines  of  Brazil  were  discovered  in  1728,  in  the  district  of  Scrro-do- 
Frio.  The  ground  in  which  they  are  imbedded  has  the  most  perfect  resemblance  to  that 
of  the  East  Indies,  where  the  diamonds  occur.  It  is  a  solid  or  friable  conglomerate, 
consisting  chiefly  of  a  ferruginous  sand,  which  encloses  fragments  of  various  magnitude 
of  yellow  and  bluish  quirtz,  of  schistose  jasper,  and  grains  of  gold  disseminated  with 
oli::ist  iron  ore;  all  mineral  matters  different  from  those  that  constitute  the  neighboring 
mountains;  this  conglomerate,  or  species  of  pudding-stone,  almost  always  superficial, 
occurs  sometimes  at  a  considerable  height  on  the  mountainous  table-land.  The  most 
celebrateJ  diamond  mine  is  that  of  Mandar?a,  on  the  Ji?itonhonha,  in  the  district  of 
Serro-do-Frio  to  the  north  of  Rio  Janeiro.  The  river  Jieitonhonha,  three  times  broader 
than  the  Seine  at  Paris,  and  from  3  to  9  feet  deep,  is  made  nearly  dry,  by  drawing  the 
waters  off  with  sluices  at  a  certain  season ;  and  the  cancalho  or  diamond-giravel  is  removed 
from  the  channel  by  various  mechanical  means,  to  be  washed  elsewhere  at  leisure.  This 
casealho,  the  same  as  the  matrix  of  the  gold  mines,  is  collected  in  the  dry  season,  to  be 
searched  into  during  the  rainy ;  for  which  purpose  it  is  formed  into  little  mounds  of  15 
or  16  tons  weight  each.  The  washing  is  carried  on  beneath  an  oblong  shed,  by  means 
of  a  stream  of  water  admitted  in  determinate  quantities  into  boxes  containing  the  cas- 
ealho. A  negro  washer  is  attached  to  each  box;  inspectors  are  placed  at  regular  dis- 
t.ince.<  on  elevated  stools,  and  whenever  a  negro  has  found  a  diamond,  he  rises  up  and 
exhibits  it.  If  it  weighs  I7j^  carats,  he  receives  his  liberty.  Many  precautions  are 
taken  to  prevent  the  negroes  from  secreting  the  diamonds.  Each  squad  of  workmen 
consists  of  200  negroes,  with  a  surgeon  and  an  almoner  or  priest. 

The  flat  lands  on  either  side  of  the  river  are  eqtially  ricli  in  diamonds  over  their  whole 
suriace,  so  that  it  becomes  very  easy  to  estimate  what  a  piece  of  ground  not  yet  washed 
m%y  proJuce. 

It  is  said  that  the  diamonds  surrounded  with  a  greenish  crust  are  of  the  Jintt  water, 
or  are  the  most  limpid  when  cut.  The  diamonds  received  in  the  diHerent  mines  of  the 
district  are  deposited  once  a  month  in  the  treasury  of  Tejuco ;  and  the  amount  of  what 
was  thus  delivered  from  1801  to  180i^  may  be  estimated  at  about  18  or  19  thousand  ca- 
rats per  annum. 

On  the  banks  of  the  torrent  called  Rio  Pardo,  there  is  another  mine  of  diamonds. 
The  ground  presents  a  great  many  friable  rocks  of  pudding-stone,  distributed  in  irregu- 
lar strata.  It  is  chiefly  in  the  bed  of  this  stream  that  masses  of  casealho  occur,  pecu- 
liarly rich  in  diamonds.  They  are  much  esteemed,  particularly  those  of  a  greenish-blue 
color.  The  ores  that  accompany  the  diamond  at  Rio  Pardo  differ  somewhat  from  those 
of  the  washing  grounds  of  Mandanga,  for  they  contain  no  pisiform  iron  ore ;  but  a  great 
many  pebbles  of  slaty  jasper.  This  table  land  seems  to  be  very  high,  prolxibly  not  less 
than  5500  leet  above  the  level  of  the  sea. 

Tocaya,  a  principal  village  of  M inas  Novas,  is  31  leagues  to  the  northeast  of  Tejuco, 
in  an  acute  angle  of  the  confluence  of  the  Jigitonhonha  and  the  Rio  Grande.  In  the 
be;l  of  the  streamlets  which  fall  westward  into  the  Jigitonhonha,  those  rolled  white 
topazes  are  found  which  are  known  under  the  name  minas  novas  with  blue  topazeSftind 
aquamarine  beryls.  In  the  same  country  are  found  the  beautiful  cymophanes  or  cryso- 
beryls  so  much  prized  in  Brazil.  And  it  is  from  the  cantons  of  Indaia  and  Abaite  that 
the  largest  diamonds  of  Brazil  come ;  yet  they  have  not  so  pure  a  water  as  those  of  the 
district  of  Serro-do-Frio,  but  incline  a  little  to  the  lemon  yellow. 

Diamonds  are  said  to  come  also  from  the  interior  of  the  island  of  Borneo,  on  the  banks 
of  the  river  Succadan,  and  from  the  peninsula  of  Malacca. 

It  is  known  that  many  minerals  become  phosphorescent  by  heat,  or  exposure  to  the 
snn's  li^ht.  Diamonds  possess  this  property,  but  all  not  in  equal  decree,  and  certain 
precautions  must  be  observed  to  make  it  manifest.  Diamonds  need  to  be  exposed  to  the 
sunbeam  for  a  certain  time,  in  order  to  become  self-luminous ;  or  to  the  blue  rays  of  the 
prismatic  spectrum,  which  augment  still  more  the  faculty  of  shining  in  the  dark.  Dia- 
monds susceptible  of  phosphorescence  exhibit  it  either  aAer  a  heat  not  raised  to  redness, 
or  the  electric  discharge.  They  possess  not  only  a  great  refractive  power  in  the  mean 
ray  of  light,  but  a  high  dispersive  agency,  which  enables  them  to  throw  out  the  most 
Tmried  and  vivid  colors  in  multiplied  directions. 

Louis  de  Berquem  discovered,  in  1476,  the  art  of  cutting  diamonds  by  nibbing  them 
against  one  another,  and  of  polishing  them  with  their  own  powder.  These  operations 
may  be  abridged  by  two  methods:  1.  By  availing  ourselves  of  the  direction  of  the  lami- 
nae of  the  diamond  to  split  them  in  that  direction,  and  thus  to  produce  several  facets. 
This  process  is  called  cleaving  the  diamond.  Some,  which  appear  to  be  made  crystals, 
Rsist  this  mechanical  division,  and  are  called  diamonds  of  nature.  2.  By  sawing  the 
diamonds  by  means  of  a  very  delicate  wire,  coated  with  diamond  powder. 

Diamonde  take  precedence  of  every  gem  for  the  purposes  of  dress  and  decoration;  and 
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hence  the  price  attached  to  those  of  a  pure  water  increases  in  so  rapid  a  proporUon,  thit 
beyond  a  certain  term  there  is  no  rule  of  commercial  yaluation.  The  largest  diaiDond 
that  w  known  seems  to  be  that  of  the  Rnjah  of  Matlan,  in  the  East  Indies.  It  is  of  the 
purest  water,  and  weighs  3()7  carats,  or  at  the  rate  of  4  grains  to  a  carat,  upwards  of  3 
ounces  troy.  It  is  shaped  like  nn  ezs,  with  an  indented  hollow  near  the  smaller  end; 
it  was  discovered  at  Landak  about  UK)  years  nt;o;  and  though  the  possession  of  it  hai 
cost  several  wars,  it  has  remained  in  the  Mattan  family  for  90  years.  A  governor  of 
Batavia,  aOer  ascertaining  the  qualities  of  the  eem,  wished  to  be  the  parchaser,  and 
offered  150,000  dollars  for  it,  besides  two  war  brii^  with  their  guns  and  ammunitioo, 
together  with  a  cf^rtnin  number  of  great  guns,  and  a  quantity  of  powder  and  shot.  But 
this  diamond  possessed  such  celebrity  in  India,  and  was  regarded  as  s  talisman  invohiog 
the  fortunes  uf  the  Hajah  and  his  family,  that  he  refused  to  port  with  it  at  any  price. 

The  diamond  p<jsses<ed,  in  the  tin\e  of  the  traveller  Tavernier,  by  the  emperor  of 
Mogul,  a  kinsrdom  now  no  more,  weighed  279  carats,  and  was  reckoned  worth  upwards 
of  400,000/.  sterling.  It  was  said  to  have  lost  the  half  of  its  original  weight  ia 
the  cutting.  After  these  prodigious  eems,  the  next  are: — 1.  That  of  the  emperor  of 
Russia,  bought  by  the  late  empress  Catharine,  which  weighs  193  carats.  It  is  said  to 
be  of  the  size  of  a  pigeon-s  eg?,  and  to  have  been  bought  for  90,000/.,  besides 
an  annuity  to  the  Greek  merchant  of  4000/.  It  is  reported  that  the  above  diamond 
formed  one  of  the  eyes  of  the  famous  statue  of  Sherin^an,  in  the  temple  of  Brama,  and 
that  a  French  grenadier,  who  had  deserted  into  the  Malabar  service,  found  the  means  of 
robbing  the  pagoda  of  this  precious  eem ;  and  escaped  with  it  to  Madras,  where  he 
disposed  of  it  to  a  ship  captain  for  2,000/.,  who  resold  it  to  a  Jew  for  12,ci00/.  From 
him  it  was  transferred  for  a  large  sum  to  the  Greek  merchant.  2.  That  of  the  emperor 
of  Austria,  which  weishs  139  carats,  and  has  a  sliirhtly  yellowish  hue.  It  hax,  however, 
been  valued  at  100,000/.  3.  That  of  the  king  of  France,  called  the  Regent  or  PiU 
diamond,  remarkable  for  its  form  and  its  perfect  limpidity.  Although  it  weighs  only  136 
carats,  its  fine  qualities  have  caused  it  to  be  volued  at  160,000/.,  though  it  cost  only 
100,000/. 

The  largest  diamond  furnished  by  Brazil,  now  in  possession  of  the  crown  of  Portugal, 
weighs,  according  to  the  hiehest  estimates,  120  carats.  It  was  found  in  the  streamlet 
of  Abaite,  in  a  clay-slnte  district. 

The  diamonds  possessed  of  no  extraordinary  maenitude,  but  of  a  good  form  and  a 
pure  water,  may  be  valued  by  a  certain  standard  rule.  In  a  brilliant,  or  rose-diamond 
of  regular  proportion*!,  so  much  is  cut  away  that  the  weieht  of  the  polished  gem  docs 
not  exc('o<l  one  half  llie  weiglil  of  the  diamimd  in  the  rough  state ;  whence  the  value  of 
a  cut  diamond  is  estccmrd  cfjual  lo  that  of  n  similar  rough  diamond  of  double  weight, 
exclusive  of  the  cost  of  workmanship.  The  weight  and  value  of  diamonds  are  reckoned 
by  carats  of  4  grains  each ;  and  the*  coiriparntive  value  of  two  diamonds  of  equal  quality 
but  ditferpnt  weights,  is  as  the  squares  of  these  weights  respectively.  The  average  pric€ 
of  rough  diamonds  that  are  worth  working  is  alM)ut  2/.  for  one  of  a  single  carat;  but  as 
a  polished  diam(md  of  one  carat  must  havo  takrn  one  of  2  carats,  its  price  in  the  rough 
state  is  double  the  square  of  2/.,  or  HI.  Therefore,  to  estimate  the  value  of  a  wrought 
diamond,  ascertain  its  weight  in  carats,  double  that  weight,  and  multiply  the  square  of 
this  product  by  2/. 

Hence,  a  wrought  diamond  of  1  carat  is  worth    £  8 
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can  no  longer  rise  in  this  geometrical  progression,  from  the  small  number  of  purchaser^ 
of  such  expensive  toys.  A  very  trifling  spot  or  flaw  of  any  kind  lowers  exceedingly  th^ 
commercial  value  of  a  diamond. 

Diamonds  are  used  not  only  as  decorative  gems,  but  for  more  useful  purposes,  as  fo^ 
cutting  glass  by  the  glazier,  and  all  kinds  of  hard  stones  by  the  lapidary. 

On  the  structure  of  the  glazier's  diamond,  we  possess  some  very  interesting  ohsenri--*' 
tions  and  reflections  by  Dr.  Wollaston.  He  remarks,  that  the  hardest  subsiance^^ 
brought  to  a  sharp  point  scratch  glass,  indeed,  but  do  not  cut  it,  and  that  diamond  alon^^ 
possessed  that  property;  which  he  ascribes  to  the  peculiarity  of  its  crystallization  in^ 
rounded  faces,  and  curvilinear  edges.  For  glass-cutting,  those  rough  diamonds  are^ 
always  selected  which  are  sharply  crystallized,  hence  called  diamond  sparks ;  but  cnt^ 
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diamonds  are  never  used.  The  inclination  to  be  given  to  a  set  diamond  in  cutting  glan 
is  comprised  within  very  narrow  limits ;  and  it  oaght,  moreover,  to  be  moved  in  the 
direction  of  one  of  its  angles.  The  curvilinear  edure  adjoining  l!ie  curved  faces,  entering 
as  a  wedge  into  the  furrow  opened  up  by  itself,  thus  tends  to  separate  the  parts  of  the 
glass ;  and  in  order  that  the  crack  which  causes  the  separation  of  the  vitreous  particles 
may  take  place,  the  diamond  must  be  held  almost  perpendicular  to  the  sarface  of  the 
glass.  The  Doctor  proved  this  theory  by  an  experiment.  If,  by  suitable  cutting  with  the 
wheel,  we  make  the  edges  of  a  spinel  ruby,  or  corundum-telesie  (sapphire)  curvilinear, 
and  the  adjacent  faces  curved,  these  stones  will  cut  glass  as  well  as  a  glazier's  diamond,  bat 
being  less  hard  than  it,  they  will  not  preserve  this  property  so  long.  He  found  that  upon 
giving  the  surface  of  even  a  fragment  of  flint  the  same  shape  as  that  of  the  cutting 
diamond,  it  ac'inired  the  same  property ;  but,  from  its  relative  softness,  was  of  little  dura- 
tion. The  depth  to  which  the  Hssure  caused  by  the  glazier's  diamond  penetrates,  docs 
not  seem  to  exceed  the  two-hundredth  of  an  inch. 

I  shall  here  introduce  Mr.  Milburn's  valuable  observations  on  the  choice  of  rough 
diamonds,  as  published  in  his  work  on  Oriental  Commerce, 

The  color  should  be  perfectly  crystalline,  resembling  a  drop  of  clear  spring  water,  in  the 
middle  of  which  you  will  perceive  a  strong  light,  playing  with  a  great  deal  of  spirit.  If 
the  coat  be  smooth  and  bright,  with  a  little  tincture  of  green  in  it,  it  is  not  the  worse, 
and  seldom  proves  bad,  but  if  there  is  a  mixture  of  yellow  with  green,  then  beware  of  it; 
it  is  a  soA  greasy  stone,  and  will  prove  bad. 

If  the  stone  has  a  rongh  coat,  so  that  you  can  hardly  see  through  it,  and  the  coat  be 
white  and  look  as  if  it  were  rough  by  art,  and  clear  of  flaws  or  veins,  and  no  blemish  cast 
in  the  bo<Iy  of  the  stone  (which  may  be  discovered  by  holding  it  against  the  light),  the 
stone  will  prove  good. 

It  often  happens  that  a  stone  will  appear  of  a  reddish  hue  on  the  outward  coat,  not 
unlike  the  color  of  rusty  iron,  yet  by  looking  through  it  against  the  light,  you  may  observe 
the  heart  of  the  stone  to  be  while  (and  if  there  be  any  black  spots,  or  flaws,  or  veins  in 
it,  they  may  be  discovered  by  a  true  eye,  although  the  coat  of  the  stone  be  the  same),  and 
such  stones  are  generally  good  ami  clear. 

If  a  diamond  appears  of  a  greenish  bright  coat,  resembling  a  piece  of  green  glass, 
inclining  to  black,  it  generally  proves  hard,  and  seldom  bad ;  such  stones  have  been 
known  to  have  been  of  the  first  water,  and  seldom  worse  than  the  second ;  but  if  any 
tincture  of  yellow  seems  to  be  mixed  with  it,  you  may  depend  on  its  being  a  very  bad 
stone. 

All  stones  of  a  milky  cast,  whether  the  coat  be  bright  or  dull,  if  ever  so  little  inclining 
to  a  bluish  cast,  are  naturally  soft,  and  in  danger  of  being  flawed  in  the  cutting ;  and 
though  they  should  have  the  good  fortune  to  escape,  yet  they  will  prove  dead  and  miXkJf 
and  turn  to  no  account. 

All  diamonds  of  cinnamon  color  are  dubious ;  but  if  of  a  bright  coat  mixed  with 
a  little  green,  then  they  are  certainly  bad,  and  are  accounted  among  the  worst  of  colors. 
You  will  meet  with  a  great  many  diamonds  of  a  rough  cinnamon-colored  coat,  opaque ; 
this  sort  is  generally  very  hard,  and,  when  cut,  contain  a  great  deal  of  life  and  spirit ; 
but  the  color  is  very  uncertain  ;  it  is  sometimes  white,  sometimes  brown,  and  sometimes 
of  a  fine  yellow.  Rough  diamonds  are  frequently  kamy,  that  is,  look  fair  to  the  eye, 
yet  are  so  full  of  veins  to  the  centre,  that  no  art  or  labor  can  polish  them.  A  good 
diamond  should  never  contain  small  spots  of  a  white  or  gray  color  of  a  nebulous  form ; 
it  should  be  free  from  small  reddish  and  brownish  grains,  that  sometimes  occur  on  their 
surface,  or  in  their  interior.  A  good  diamond  should  split  readily  in  the  direction  of  the 
eleavage ;  it  sometimes  happens,  however,  that  the  folia  are  curved,  as  is  the  case  in  twin 
erystals.  When  this  happens,  the  stone  does  not  readily  cut  and  polish,  and  is  therefore 
of  inferior  value. 

In  the  cut  and  polished  gem,  the  thickness  must  always  bear  a  certain  proportion  to 
the  breadth.  It  must  not  be  too  thin  nor  thick ;  for,  when  too  thin,  it  loses  much  of  its 
ftre,  and  appears  not  unlike  glass. 

The  term  carat  is  said  to  be  derived  from  the  name  of  a  bean,  the  produce  of  a  species 
of  eryihina,  a  native  of  the  district  of  Shangallas,  in  Africa ;  a  famous  mart  of  gold-dust. 
The  tree  is  called  kuara,  a  word  signifying  sun  in  the  language  of  the  country;  because 
it  bemrs  flowers  and  fruit  of  a  flame  color.  As  the  dry  seeds  of  this  pod  are  always  of 
■early  uniform  weight,  the  savages  have  used  them  from  time  immemorial  to  weigh  gold. 
Hie  beans  were  transported  into  India,  at  an  ancient  period,  and  have  been  long  employ- 
^  there  for  weighing  diamonds.  The  carat  of  the  civilized  worM  is,  in  fact,  an  imagi- 
t4ry  weight,  consisting  of  4  nominal  grains,  a  little  lighter  than  4  grains  troy  (poids  dt 
*iorc)  ;  it  requires  74  carat  grains  and  X  to  equipose  72  of  the  other. 

In  ▼aJuiog  a  cut  diamond,  we  must  reckon  that  one  half  of  its  weight  has  been  lost  in 
Uk«  lapidary's  hands;  whence  its  weight  in  this  state  should  be  doubled  before  we 
^Sfcleolate  its  price  by  the  general  rule  for  estimating  diamonds.   The  French  multiply 
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hj  48  the  square  of  this  weistht,  and  they  call  the  product  in  francs  the  Talne  of  tke 
diamond.  Thus,  for  example,  a  cut  diamond  of  10  carats  would  be  worth  (10  X  S}s 
X  48=19,200  francs,  or  7(>S/.,  allowing  only  23  francs  to  the  pound  sterline. 

The  diamond  mines  of  Brazil  have  broimht  to  its  government,  from  the  year  1730 
till  1814,  3,023,000  cnrats;  beini^  at  the  average  rate  annually  of  36,000  carats,  or  a 
little  more  than  16  Ib^.  \vcii;ht.  They  have  not  been  so  productive  in  the  lais 
years  of  that  period;  for.  ncconlin?  lo  Mr.  Mawe,  between  1801  and  1806,  only 
llf),H75  caruts  w(*rc  obtninod,  bein?  19,27!i  a  year.  The  actual  expenses  incurred  by 
the  covcrnnirni,  durinc  this  interval,  was  4,41!.',700  francs;  and,  deducting  the  pro- 
duction in  guld  from  tlie  washinsrs  of  the  diamond  gravel,  or  cascalho,  it  is  found  thit 
the  rough  diamonds  cv-ii  in  exploration,  per  carat,  38  francs  20  c,  or  nearly  Bit. 
Briti<>h  mon''y.  The  conlrnband  i<  suppos<Hl  to  amount  to  one  third  of  the  abofe 
legitimate  trn^le.  Brazil  is  almost  the  only  count r}*  where  diamonds  are  mined  at  the 
present  day ;  it  sends  annually  to  Eiuropc  from  2.5  to  30  thousand  carats,  or  from  10  lo 
ir)k  lbs. 

DlAMr)Xr)S,  ru'thie  of.  Althons^h  the  diamond  is  the  hardest  of  all  known  soV 
stances,  yet  it  may  be  split  by  a  steel  tool,  provided  a  blow  be  applied ;  but  this  rcqnires 
a  perfect  knnwled'je  of  tlie  structure,  because  it  will  only  yield  ti>  such  means  in  certaii 
directions.  Thi<  circur[i>taMCfi  prevents  the  workman  fiom  formins:  facettes  or  plaars 
eeneriUy,  by  the  process  of  splitting;  he  is  therefore  oblii;ed  to  resort  to  the  proceit 
of  abrasion,  whiirh  i<i  lerlmically  c.illed  cutting.  The  process  of  cuttin?  is  effected  by 
Jixini?  the  diamon,!  to  be  ctil  on  the  end  of  a  stick,  or  handle,  in  a  small  ball  of 
cement,  that  pnrt  which  is  to  be  reduced  beins:  left  to  project.  Another  diamond  is 
also  fixed  in  a  similar  manner;  and  the  two  stones  l)eing  rubbed  against  each  other 
with  considerable  force,  they  are  mutually  abraded,  flat  surfaces,  or  facettes,  being 
thereby  produced.  Other  fucfltes  are  formed  by  shifting  the  diamonds  into  fresh 
positions  in  the  cement,  and  wlwn  a  «uflici»"nt  number  are  produceil,  they  are  6l  for 
polishin?.  The  stones,  when  cut,  are  fixed  for  this  purpose,  by  iinb»>dding  them  in  soA 
solder,  contained  in  a  small  copper  cup,  the  part,  or  fiicetie,  to  be  polished,  being  left  to 
protrude. 

A  flat  circular  plate  of  cast-iron  is  then  charged  with  the  powder  produced  durios 
the  abrasion  of  the  diamonds;  and  by  this  means  a  tool  is  fornu'd  which  is  capable  of 
producing  the  ex(|uisite  lustre  so  much  admired  on  a  finely-polished  cem.  Those 
diamonds  that  are  unfit  fjr  workins,  on  account  of  the  imperfection  of  their  lustre  or 
color,  are  soM,  for  various  piiii)ose«5,  un<ler  the  technical  name  of  Bort.  Stones  of  this 
kind  are  iVe'iuetilly  broken  in  a  sli»i.'l  mortar,  by  repeated  blows,  until  they  are  redortd 
to  a  fine  po\v<l<M-,  which  is  xi^t-A  to  charge  metal  platrs,  of  vari-iu*;  kinds,  for  the  use  ff 
jewtdb'rs,  lapidarie<,  an-i  others.  Bort,  in  this  staltr  i.f  pmparalion,  is  incapable  of 
poiivhini:  any  i:e;ns;  but  it  is  use  l  to  proilnce  flat  surfaces  on  rubies  and  other  precW 
st(mes. 

Fine  drills  are  made  of  small  spliuter-s  of  bort,  which  are  used  for  drilling  small  hrtl?^ 
in  rubies,  and  oilier  hard  slfnies,  for  the  us»'  of  walch-jew<'llers,  ijoM  and  «ilver  wire- 
drawers,  and  other>,  who  reijnire  very  fine  h(des  drilled  in  such  sub!>tauces.  These  ilriil? 
are  also  used  to  pierej;  lud"s  in  china,  whftre  rivets  are  to  be  inserted;  also  for  piercin: 
holes  in  artificial  enamel  t«'rth,  or  anv  vi'reous  substances,  h(»wcver  hard. 

DIAMOM)  MirUOSCOPKS  were  first  >u-^ested  by  Dr.  Gorinir,  and  have  been 
well  executetl  by  Mr.  Pritehard.     Previf>us  lo  irrindin*:  a  diamond  into  a  spherical 
figure,  it  should  be  i,'round  flat  and  parallel  upon  both  sides,  that  by  kKikin?  through  it, 
as  opticians  try  flint  sil-iss,  wt?  may  sec  whether  it  has  a  double  or  triple  refracliTC 
power,  as  many  have,  which  would  render  it  useless  as  a  lens.    Among  the  11  dilferent 
crj'stalline  forms  of  the  diamond,  probably  the  octahedron  and  the  cube  are  the  only  oDfS 
that  will  give  sinirle  vision.    It  will,  in  many  cases,  be  advisable  to  grind  diamond 
lenses,  plano-convex,  both  because  this  figure  civcs  a  low  spherical  aberration,  and 
because  it  saves  the  trouble  of  grinding  one  side  of  the  gem.    A  concave  tfxil  of 
iron,  paved  with  diamond  powder,  hammered  into  it  by  a  hardened  steel  punch,  ^ras 
employed  by  Mr.  Piitchanl.    This  ingenious  artist  succeede<l  incompleting  a  doubl* 
convex  of  erjiml  radii,  of  about      of  an  mch  focus,  bearing  an  aperture  of  of 
inch  with  distinctness  upon  opaque  objects,  and  its  entire  diameter  upon  transparent  oac^ 
This  lens  gives  vision  with  a  trilliui:  chromatic  aberration;  in  other  respects,  like  t^''* 
Gorine's  Amician  reflector,  but  without  its  darkness,  its  light  is  said  to  be  superior 
that  of  any  comptumd  microscope  whatever,  nctins;  with  the  same  power,  and  the  sat^* 
ans:le  of  aperture.    The  advantage  of  scing  an  object  without  aberration  by  the  int^^ 
position  of  only  a  sinsrle  magnifier,  instead  of  looking  at  a  picture  of  it  with  an  e^^' 
glass,  is  evident.    We  thus  have  a  simple  direct  view,  whereby  we  shall  see  m*^^ 
accurately  and  minutely  the  real  li.xture  of  objects. 

DIAPKR  i"!  the  name  of  a  kind  of  cli»lh,  used  chiefly  for  tabic  linen.  It  is  kno^  " 
among  the  French  by  the  name  oC  Ijlle /•firn,  and  is  ornamented  'A'ilh  the  most  cxtens- 
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fibres  of  any  kind  uf  tweeled  cloth,  excepting  damask.  The  mounting  of  a  loom  for 
working  diaper  L«,  in  principle,  much  the  same  as  a  draw-loom,  but  the  figures  being 
less  extensive,  the  mounting  is  more  simple,  and  is  wrought  entirely  by  the  weaver, 
without  the  aid  of  any  other  person.  As  tweeled  cloths,  of  any  number  of  leaves,  are 
only  interwoven  at  those  intervals  when  one  of  the  leaves  is  raised,  the  woof  above,  and 
the  warp  below,  is  kept  floating  or  flushed,  until  the  intersection  takes  place.  Of  con- 
sequence, the  floating  yarn  above  appears  across  the  fabric,  and  that  below  longitudi- 
nally. This  property  of  tweeled  cloths  is  applied  to  form  the  ornamental  figures  of  all 
kinds  of  tweeled  goods,  merely  by  reversing  the  floating  yarn  when  necessary.  In  the 
timpler  patterns,  this  is  eflt'Cted  by  a  few  additional  leaves  of  treddles;  but  when  the 
range  of  pattern  becomes  too  great  to  render  this  convenient,  an  apparatus  called  a  back 
karnets  is  employed,  and  the  cloth  woven  with  this  mounting  is  called  diaper.  Diapers 
•re  generally  five-leaf  tweels ;  that  is  to  say,  ever}'  warp  floats  under  four  threads  of 
woof^  and  is  raised,  and  of  course  interwoven  with  the  fifth.  This  is  done  either  snc- 
eessively,  forming  diagonals  at  45°  upon  the  cloth,  or  by  intervals  of  two  threads,  which 
is  emlled  the  broken  iweel.  The  latter  is  generally,  if  not  universally,  adopted  in  the 
manufacture  of  diaper.  The  reason  of  preferring  the  broken  to  the  regular  tweel, 
where  ornaments  are  to  be  formed,  is  very  obvious.  The  whole  depending  upon  reversed 
flushing  to  i;ive  the  appearance  of  oblique  or  diagonal  lines,  through  either,  would 
destroy  much  of  the  effect,  and  materially  injure  the  beauty  of  the  fabric.  The  broken 
tweel,  on  the  contrary,  restores  to  the  tweeled  cloth  a  great  similarity  of  appearance  to 
plain,  or  alternately  interwoven  fabrics,  and  at  the  same  lime  preserves  the  facility  of 
producing  ornaments  by  reversing  the  flushing.  The  simplest  kinds  of  reversed  tweels 
will  be  found  described  under  Tkxtile  Fabrics. 

DIASTASE.  This  curious  substance,  extracted  by  water  from  crushed  malt,  and  pre- 
cipitated from  that  infusion  by  alcohol,  as  is  described  under  Fermkntation,  has  been 
made  the  subject  of  new  researches  by  M.  Guerin  Varry.  The  conclusions  deducible 
from  his  interesting  experiments  are  the  following : — 

1.  One  part  of  diastase,  dissolved  in  30  parts  of  cold  water,  put  with  408  parts  of  po- 
tato starch  out  of  contact  of  air,  did  not  exercise  the  slightest  action  upon  this  substance 
in  the  course  of  63  days,  under  a  temperature  varj'ing  from  08°  to  79°  Fahr. 

2.  Two  parts  of  diastase  do  not  in  the  course  of  an  hour  cause  the  globules  of  three 
parts  of  starch  to  burst,  at  a  temperature  approaching  very  nearly  to  that  of  the  hot  water 
which  bursts  them  into  a  paste.  It  follows  that  diastase  acts  no  part  in  the  procesa  of 
germination,  towards  eliminating  the  teguments  of  the  starch,  or  transforming  its  inte- 
rior portion  into  sugar,  and  a  scummy  matter  assimilated  by  plants. 

3.  Diastase  liquefies  and  saccharifies  the  paste  of  starch  without  absorption  or  disen- 
gagement of  gas;  a  reaction  which  takes  place  equally  in  vacuo  as  in  the  open  air. 

4.  100  parts  of  starcli  made  into  a  paste  with  39  times  their  weight  of  water,  mixed 
with  6*  13  parts  of  diastase  dissolved  in  40  parts  of  water,  and  kept  for  an  hour  between 
140°  and  149°  Fahr.,  afforded  8|)-91  parts  of  sugar. 

6.  A  paste  containing  100  parts  of  starch,  and  1393  parts  of  water,  put  in  contact  with 
12*25  parts  of  diastase  dissolved  in  367  parts  of  cold  water,  having  been  maintained  at 
68°  Fahr.  during  24  hours,  produced  77*64  parts  of  sugar. 

6.  The  preceding  experiment,  rcpf*ated  at  the  temperature  of  melting  ice,  aflbrded  at 
the  end  of  2  hours,  11*82  parts  of  sugar. 

7.  The  most  favorable  proportions  and  circumstances  for  the  production  of  a  great 
qoantity  of  sugar,  are  a  slight  excess  of  diastase  or  barley  malt  (at  least  25  per 
eent.  of  the  latter),  about  50  parts  of  water  to  one  of  starch,  and  a  tempera- 
tare  between  140°  and  149°  Fahr.  It  is  of  the  greatest  consequence  for  the  saccharifi- 
cation  to  take  place  as  speedily  as  possible,'so  that  the  sugar  produced  may  not  be  left  in 
eontact  with  much  gummy  matter  [dextritu),  in  which  case  the  diastase  will  not  convert 
the  latter  into  sugar.  In  fact,  the  liquefaction  and  saccharification  should  proceed 
iimaltaneously. 

8.  The  sugar  of  starch,  prepared  either  with  diastase  or  sulphuric  acid,  crystallizes  in 
eanliflowers,  or  in  prisms  with  rhomboidal  facets.  It  has  the  same  composition  as  sugar 
of  grapes. 

9.  Diastase  even  in  excess  does  not  saccharify  the  gummy  matter  dissolved  in  the 
Mter  along  with  the  starch  sugar,  but  when  the  gum  is  insulated,  it  is  convertible  almost 
entirely  into  sugar. 

10.  Gum  arable,  cane  sugar,  and  beer  yeast,  suffer  no  change  from  diastase. 

1 1.  A  watery  solution  of  diastase  readily  decomposes  on  keeping,  cither  in  contact  or 
t)uX  of  contact  of  air. 

12.  When  starch-sugar,  whether  obtained  by  means  of  diastase  or  sulphuric  acid, 
is  submitted  to  the  spirituous  fermentation,  the  sum  of  the  weights  of  the  alcohol,  car- 
lionic  acid,  and  water  of  crystallization  of  the  sugar,  is  less  than  the  weight  of  the 
^ngar  by  about  3^  per  cent.   This  diflerencc  proceeds  in  a  great  measure  from  the  form- 


400 


DIMITY. 


ation  of  some  acetic  acid,  lactic  acid,  Tolatilc  oil,  and  probably  soffie  other  nnkoown  pro* 
ducts  in  the  act  of  fermentation.  ^ 

DIMITY  is  a  kind  of  cotton  cloth  originally  imported  from  In<':a,  and  now  mannftc- 
tured  in  irrcat  quantities  in  various  parts  of  Biitain,  especially  in  Lancashire.  Dr. 
Johnson  calls  it  f/zmmi/y,  and  describes  it  as  a  kind  of  fusiiao.  The  distinction  betveci 
fustian  and  liimity  seems  to  be,  that  the  former  dcsi^nnies  a  common  tweeled  cotton  clolh 
of  n  stout  fabric,  which  receives  no  ornament  in  the  loom,  but  I*  most  freqacntly  djed 
after  bf.  in?  woven.  Dimity  is  al«o  a  stout  cotton  cloth,  but  not  usually  of  so  thick  a  tex- 
ture; and  is  ornamented  in  the  loom,  either  with  raised  stripes  or  fancy  figures;  is  sd- 
dcm  dyed,  but  usually  worn  white,  as  for  l>cd  and  bed-room  furniture.  The  striped 
dimities  are  the  most  common;  they  require  lc«s  labor  in  wearinz  than  the  others;  and 
the  mountini»  of  th»?  loom  being  more  simple,  and  consequently  less  expensive,  they  caa 
be  sold  at  much  lower  rates.  See  Textile  Fauhics,  for  particular  details  of  the  plan  of 
mountin:^  them. 

DIES  FOR  STAMPING.  (Coins,  Fr. ;  Munsstampeln,  Germ.)  The  first  circom- 
stancc  that  claims  particular  attention  in  the  manufacture  of  dies,  is  the  selection  of  the 
best  kind  of  steel  for  the  purpose,  and  this  must  in  some  measure  be  leA  to  the  expe* 
riencc  of  the  die-fori;er,  who,  if  well  skilled  in  his  art,  will  be  able  to  form  a  tolerably 
correct  judirment  of  the  fitness  of  the  metal  for  the  purpose,  by  the  manner  in  which  il 
works  upon  the  anvil.  It  should  be  rather  fine-erained  than  otherwise,  and  above  all 
things  perfectly  even  and  unifonii  in  its  texture,  and  tree  from  spots  and  patches  finer  or 
coarser  than  the  general  mass.  But  the  ver>'  fine  and  uniform  steel  with  a  silky  frac* 
tare,  which  is  so  much  esteemed  for  some  of  the  purposes  of  cutlery,  is  unfit  for  oar 
present  purpose,  from  the  extreme  facility  with  which  it  acquires  sreat  hardness  by  pres- 
sure, and  its  liability  to  cracks  and  flaws.  The  verj'  coarse-grained  or  highly  cr)-slalliBe 
steel  is  also  equally  objectionable;  it  acquires  fissures  under  the  die-press,  and  seldon 
admits  of  hcinj?  equally  and  properly  hardened.  The  object,  therefore,  is  to  select  a  steel 
of  a  medium  quality  as  to  fineness  of  texttire,  not  easily  acted  uiwn  by  dilute  sulpharic 
acid,  and  exhibiting  a  uniform  texture  when  its  surface  is  washed  over  with  a  little 
aqua  fortis,  by  which  its  freedom  from  pins  of  iron,  and  other  irregularities  of  composi- 
tion, is  sutliciently  indicated. 

The  best  kind  of  steel  being  thus  selected,  and  properly  forged  at  a  hieh  heat  into 
the  rouch  die,  it  is  softened  by  very  careful  annealinir,  and  in  that  state,  having  been 
smoothed  externally,  and  brought  to  a  table  in  the  turning  lathe,  it  is  delivered  to  the 
engraver. 

The  process  of  annealing  the  die  consists  in  heating  il  to  a  bright  cherry  red,  and  suf- 
fering it  to  eool  gradually,  which  is  best  ellected  by  bedding  il  in  a  ciucible  or  iron  pot 
of  coarsely-powdered  charcoal,  that  of  animal  substances  being  generally  i)referred.  lo 
this  operation  il  is  sometimes  supposed  that  the  die,  or  at  least  its  superficial  parts,  be- 
comes super-carbonized,  or  highly-converted  steel,  as  il  is  sometimes  called ;  but  expe- 
rience does  not  justify  such  an  opinion,  and  I  believe  ihc  composition  of  the  die  is 
scarcely,  certainly  not  materially,  afTecled  by  the  process,  for  it  does  not  remain  long 
enough  in  the  fire  for  the  purpose. 

The  engrav«T  usually  commences  his  labors  by  working  out  the  device  with  small 
steel  tools,  in  intaglio;  he  rarely  bt»gins  in  relief  (though  ihis  is  sometimes  done);  and 
having  ulliinalely  completed  his  design,  and  satisfied  himself  of  its  general  ellect  and 
correctness,  by  impressions  in  clay,  and  dabs,  or  ca>ls  in  type  metal,  the  die  is  ready  for 
the  important  opcTation  of  hardening,  which,  from  various  causes,  a  few  of  which  I 
shall  enumerat«',  is  a  process  of  much  risk  and  dilliculty ;  for  should  any  accident  noiT 
occur,  the  labor  of  many  months  may  be  seriously  injured,  or  even  rendered  quite 
useless. 

The  process  of  hardening  soft  steel  is  in  itself  very  simple,  though  not  very  easily 
explained  upon  mechanical  or  chemical  principles.  We  know  by  experience  that  iC 
is  a  i)roperty  of  this  highly  valuable  substance  to  become  excessively  hard,  if  heated 
and  suddenly  cooled  ;  if,  therefore,  we  heat  a  bar  of  soA  malleable  and  ductile  steel  red 
hot,  and  then  suddenly  (juench  it  in  a  large  quantity  of  cold  water,  it  not  only  becomes 
hard,  but  fragile  and  brittle.  But  as  a  die  is  a  mass  of  steel  of  considerable  dimen- 
sions, this  hardening  is  an  operation  attended  by  many  and  peculiar  difficulties,  morr 
especially  as  we  have  at  the  same  time  to  attend  to  the  careful  preservation  of  the 
engraving.  This  is  eflfected  by  covering  the  engraved  face  of  the  die  with  a  protecting" 
face,  composed  of  fixed  oil  of  any  kind,  thickened  with  powdered  charcoal :  some 
persons  add  pipe-clay,  others  use  a  pulp  of  garlic,  but  pure  lamp-black  and  linseed  oil 
answer  the  purpose  perfectly.  This  is  thinly  spread  upon  the  work  of  the  die,  which, 
if  rcfjuisite,  may  be  further  defended  by  an  iron  ring ;  the  die  is  then  placed  with  its 
face  downwards  in  a  crucible,  nnd  completely  surrounded  by  powdered  charcoal.  It  ifc— 
healed  to  a  suiiablc  temperature,  that  is,  about  cherry  red,  and  in  that  state  is  taken  ont^ 
with  proper  longs,  and  plunged  into  a  body  of  cold  water,  of  such  magnitnde  as  not— 


DIES  FOR  STAMPING. 


401 


to  become  materially  increased  in  temperature ;  here  it  is  rapidly  moved  about,  antil  all 
noise  ceases,  and  then  left  in  the  water  till  quite  cool.  In  this  process  it  should  produce 
a  bubbling  and  hissing  noisef  if  it  pipes  and  sings,  we  may  generally  apprehend  a  crack 
or  fissure. 

No  process  has  been  found  to  answer  better  than  the  above  simple  and  common  mode 
of  hardening  dies,  though  others  have  had  i  eiieated  and  fair  trials.  It  has  been  proposed 
to  keep  up  currents  and  eddies  of  cold  water  in  the  haidenin^  cistern,  by  means  of 
delivery-pipes,  coming  from  a  height;  and  to  subject  the  hot  die,  with  its  face  upper- 
most, to  a  sudden  and  copious  current  of  water,  let  upon  it  from  a  large  pipe,  supplied 
from  a  high  reservoir ;  but  these  means  have  not  in  any  way  proved  more  successful, 
either  in  saving  the  die  or  in  giving  it  any  good  qualities.  It  will  be  recollt^ted,  from 
the  form  of  the  die,  that  it  is  necessarily  only,  as  it  were,  case-hardened ;  the  hardest 
strata  being  outside,  and  the  softer  ones  withirf,  which  envelop  a  core,  something  in 
the  manner  of  the  successive  coats  of  an  onion ;  an  arrangement  which  we  sometimes 
have  an  opportunity  of  seeing  displayed  in  dies  which  have  been  smashed  by  a  violent 
blow. 

The  hardening  having  been  effected,  and  the  die  being  for  the  time  safe,  some  fur- 
ther steps  may  be  taken  for  its  protection ;  one  of  these  consists  in  a  very  mild  kind  of 
tempering,  produced  by  putting  it  into  water,  gradually  raised  to  the  boiling  point, 
till  heated  throughout,  and  then  suffering  it  gradually  to  cool.  This  operation  renders 
the  die  less  apt  to  crack  in  very  cold  weather.  A  great  safeguard  is  also  obtained  by 
thrusting  the  cold  die  into  a  red-hot  iron  ring,  which  just  fits  it  in  that  state,  and  which, 
by  contracting  as  it  cools,  keeps  its  parts  together  under  considerable  pressure,  pre- 
Tenting  the  spreading  of  external  cracks  and  fissures,  and  often  enabling  us  to  employ  a 
split  or  die  for  obtaining  punches,  which  would  break  to  pieces  without  the  protecting 
ring. 

If  the  die  has  been  successfully  hardened,  and  the  protecting  paste  has  done  its  duty, 
by  preserving  the  face  from  all  injury  and  oxydizement,  or  burning^  as  it  is  usually 
called,  it  is  now  to  be  cleaned  and  polished,  and  in  this  state  constitutes  what  is 
technically  called  a  matrix  ;  it  may,  of  course,  be  used  as  a  multiplier  of  medals,  coins, 
or  impressions,  but  it  is  not  generally  thus  employed,  for  fear  of  accidents  happening 
to  it  in  the  coining  press,  and  because  the  artist  has  seldom  perfected  his  work  upon 
it  in  this  state.  It  is,  therefore,  resorted  to  for  the  purpose  of  finishing  a  pl'Nch,  or 
steel  impression  for  relief.  Fpr  this  purpose  a  proper  block  of  steel  is  selected,  of 
the  same  quality,  and  with  the  same  precautions  as  before,  and  beins  carefully  annealed, 
or  soAened,  is  turned  like  the  matrix,  perfectly  true  and  flat  at  the  bottom,  and  obtusely 
conical  at  top.  In  this  state,  its  conical  surface  is  carefully  compressed  by  pow- 
erful and  proper  machinery  upon  the  matrix,  which,  being  very  hard,  soon  allows  it  to 
receive  the  commencement  of  an  impression ;  but  in  thus  receiving  the  impression,  it 
becomes  itself  so  hard  by  condensation  of  texture  as  to  reciuire,  during  the  operation,  to 
be  repeatedly  annealed,  or  softened ;  otherwise  it  would  split  into  small  superficial  fis- 
sures, or  would  injure  the  matrix ;  much  practical  skill  is  therefore  r^luired  in  taking 
this  impression,  and  the  punch,  at  each  annealing,  must  be  carefully  protected,  so  that 
the  work  may  not  be  injured. 

Thus,  after  repeated  blows  in  the  die-press,  and  frequent  annealing,  the  impression 
from  the  matrix  is  at  length  perfected,  or  brought  completely  up,  and  having  been  re- 
touched by  the  engraver,  is  turned,  hardened,  and  collared,  like  the  matrix,  of  which  it 
ii  now  a  complete  impression  in  relief,  and.  as  we  have  before  said,  is  called  a  punch. 

This  punch  becomes  an  inexhaustible  parent  of  dies,  without  fuither  reference  to  the 
original  matrix ;  for  now  by  impressing  upon  it  plugs  of  soft  steel,  and  by  pursuing  with 
them  an  exactly  similar  operation  to  that  by  which  the  punch  itself  was  obtained,  we 
procure  impressions  from  it  to  any  amount,  which  of  course  arc  fac-similes  of  the  matrix, 
•ad  these  dies  being  turned,  hardened,  polished,  and,  if  necessary,  tempered,  arc  employed 
lor  the  purposes  of  coinage. 

The  distinction  between  striking  medals  and  common  coin  is  very  essential,  and  the 
Wk  upon  the  dies  is  accordingly  adjusted  to  each.  Medals  are  usually  in  very  high 
nlief,  and  the  effect  is  produced  by  a  succession  of  blows ;  and  as  the  metal  in  which 
ttey  are  struck,  be  it  gold,  silver,  or  copper,  acquires  considerable  hardness  at  each 
tMtt  of  the  press,  they  are  repeatedly  annealed  during  the  process  of  bringing  them  up. 
In  a  beautiful  medal,  which  Mr.  Wyon  some  time  since  completed  for  the  Royal  Navy 
College,  the  obverse  represents  a  head  of  the  King,  in  very  bold  relief;  it  required 
^'^uty  blows  of  a  very  powerful  press  to  complete  the  impression,  and  it  was  necessary 
^anneal  each  medal  aAer  every  third  blow,  so  that  they  went  ten  times  into  the  fire 
thit  purpose.  In  striking  a  coin  or  medal,  the  lateral  spread  of  the  metal,  which 
P^^erwise  wonld  ooze  out  as  it  were  from  between  the  dies,  is  prevented  by  the  applica- 
of  a  steel  collar,  accurately  turned  to  the  dimensions  of  the  dies,  and  which, 
^^tn  left  plain,  gives  to  the  edge  of  the  piece  a  finished  and  polished  appearance;  it  is 
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sometimes  grooveJ,  or  milled,  or  otherwise  ornamented,  and  occasionally  lettered,  ib 
which  case  it  is  made  in  three  separate  and  moveable  pieces,  confined  by  a  ring,  iaio 
which  they  are  most  accurately  filled,  and  so  adjusted  that  the  metal  may  be  forcol  into 
the  letters  by  its  lateral  spread,  at  the  same  time  that  the  coin  receives  the  blow  of  the 
screw-press. 

Coins  are  generally  completed  by  one  blow  of  the  coining-press.  These  presses  ire 
worked  in  the  Royal  Mint  by  machinery,  so  contrived  that  they  shall  strike,  upon  la 
average,  sixty  blows  in  a  minute;  the  blank  piece,  previously  properly  prepared  and  ai- 
nealed,  being  placed  between  the  dies  by  part  of  the  same  mechanism. 

The  number  of  pieces  which  may  be  struck  by  a  single  die  of  good  steel,  properly 
hardened  and  duly  umperetl,  not  unfrequently  amounts  at  the  Mint  to  between  three  and 
four  hundred  thousand,  but  the  average  consumption  of  dies  is  of  course  much  greater, 
owing  to  the  variable  qualities  of  steel,  and  to  the  casualties  to  which  the  dks  are 
liable :  thus,  the  upper  and  lower  die  are  often  violently  struck  together,  owing  to  u 
error  in  the  layer-on,  or  in  titat  part  of  the  machiner}'  which  ought  to  put  the  blank  into 
its  place,  but  which  now  and  then  fails  so  to  do.  This  accident  very  commonly  arises 
from  the  boy  who  superintends  the  press  neglecting  to  feed  the  hopper  of  the  layer-oa 
with  blank  pieces.  If  a  die  is  too  hard,  it  is  apt  to  break  or  split,  and  is  especially  sab* 
ject  to  fissures,  which  run  from  letter  to  letter  upon  the  edge.  If  too  soft,  it  swells,  and 
the  collar  will  not  ri^e  and  fall  upon  it,  or  it  sinks  in  the  centre,  and  the  work  becomes 
distorted  and  faulty.  He,  therefore,  who  supplies  the  dies  for  an  extensive  coinage  has 
many  accidents  and  dillicultics  to  encounter.  There  are  eight  presses  at  the  Mint,  fre- 
quently at  work  for  ten  hours  each  day,  and  the  destruction  of  eight  pair  of  dies  per  day 
(one  pair  for  each  press)  may  be  considered  a  fair  average  result,  though  they  much  more 
fre(|uently  fall  short  of,  than  exceed  this  proportion.  It  must  be  remembered  that  eack 
press  produces  3000  pieces  per  hour,  but,  making  allowance  for  occasional  stoppages,  we 
may  reckon  the  daily  prwluce  of  each  press  at  30,000  pieces;  the  eight  presses,  there- 
fore, will  furnish  a  diurnal  average  of  240,000  pieces. 

DIGESTER  is  the  name  of  a  strong  kettle  or  pot  of  small  dimensions,  made  very 
strong,  and  mounted  with  a  safety  valve  in  its  top.  Papin,  the  contriver  of  this  appa- 
ratus, used  it  for  subjeciine  bones,  cartilages,  &c.  to  the  solvent  action  of  •  high-pressure 
steam,  or  highly  heated  water,  whereby  he  proposed  to  facilitate  their  digestion  in 
the  stomach.  This  contrivance  is  the  origin  of  the  French  cookery  pans,  called 
autocluret,  because  the  lid  is  self  keyed,  or  becomes  ^team-tight  by  turning  it  roond 
under  clainj»s  or  rars  at  llie  sides,  having  been  previously  cround  with  emery  to  fit  the 
edire  of  tlir*  pot  exactly.  In  M»mr  autoclaves  the  lid  is  merely  laid  on  with  a  fillet  of 
linen  a*i  a  luie,  and  lh»  n  sccuird  in  its  place  by  means  of  a  screw  bearing  down  upon  it? 
centic  fiorn  an  aiclud  bar  above.  The  safe!}  valve  is  loaded  either  by  a  weii;ht  placed 
verticallj  u|M>n  it,  or  by  a  k-vcr  of  the  second  kind  pressing  neor  its  fulcrum,  and 
acted  upon  by  a  weiu'lil  which  may  be  made  to  bear  upon  any  point  of  its  graduated 
arm. 

Chevreul  has  made  a  n«itful  apiilic^ition  of  the  digester  to  vecetable  analysis.  His 
instrument  consists  of  a  slronLr  copper  cj  Under,  into  which  enters  a  liqhl  cylinder  of  sil- 
ver, havins  its  edi'e  Inrned  over  at  riijht  ancles  to  the  axis  of  the  cylinder,  so  as  to  form 
the  rim  of  the  dicrstor.  A  sesmenl  of  a  copper  sphere,  also  lined  with  silver,  stops  the 
aperture  of  the  silver  cjlinder,  being  applied  closely  to  its  rim.  It  has  n  conical  rahe 
pressed  with  a  spiral  spring,  of  any  desired  force,  estimated  by  a  steelyard.  This  spring 
is  enclosed  within  a  bra«>s  box  perforated  with  four  holes;  which  may  be  screwetl  intoi 
lapped  orifice  in  the  top  of  the  digester.  A  tube  screwed  into  another  hole  serves  to 
conduct  away  the  condensable  vapors  at  pleasure  into  a  Woulfe's  apparatus. 

DISTILLATION  (Ens.  and  Fr. ;  Branntwchibrennereiy  Germ.)  means,  in  the  comroer' 
cial  language  of  this  country,  the  manufacture  of  intoxicating  spirits;  under  which  we 
comprehended  the  four  processes,  of  mashhifr  the  vegetable  materials,  cooling  the  worts, 
exciting  the  vinous  Jcnmntatioii,  and  separatin?  by  a  peculiar  vessel,  called  a  the 
alcohol  combined  with  more  or  less  water.  This  art  of  evoking  the  fiery  demon  of 
drunkenness  from  his  attempered  state  in  wine  and  beer,  was  unknown  to  the  ancient 
Greeks  and  Romans.  It  seems  to  have  been  invented  by  the  barbarians  of  the  north  of 
Europe,  as  a  solace  to  their  cold  and  humid  clime ;  and  was  first  made  known  to  the 
southern  nations  in  the  writinss  of  Arnoldus  de  Villa  Nova,  and  his  pupil,  Raymowl 
Lully  of  Majorca,  who  declares  this  admirable  essence  of  wine  to  be  an  emanation  of 
the  Divinity,  an  element  newly  revealed  to  man,  but  hid  from  antiquity,  because  the  ho- 
man  race  were  then  too  young  to  need  this  beverage,  destined  to  revive  the  energies  of 
modern  decrepitude.  He  further  imagined  that  the  discover}'  of  this  aqua  riia^ViS  it*^' 
called,  indicated  the  approaching  consummation  of  all  things — the  end  of  this  worW. 
However  much  he  erred  as  to  the  value  of  this  remarkable  essence,  he  truly  predicted  iw 
vast  influence  upon  humanity,  since  to  both  civilized  and  savage  nations  it  has  rcalii-*^ 
greater  ills  than  were  threatened  in  the  fabled  box  of  Pandora. 
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I  shall  consider  in  this  place  the  first  three  of  these  subjects,  reserving  for  the  article 
Still  an  account  of  the  construction  and  use  of  that  apparatus. 

Whiskey,  from  the  Irish  W(ird  Usquebaugh,  is  the  British  name  of  the  spirituous 
liquor  manufactured  by  our  distillers,  and  corresponds  to  the  Eau  de  vie  of  the  French, 
•nd  the  Branntwein  of  the  Germans.  It  is  generated  by  that  intestine  change  which 
grape  juice  and  other  glutino-saccharine  liquids  spontaneously  undergo  when  exposed  to 
Uie  atmosphere  at  common  temperatures;  the  theory  of  which  will  he  expounded  under 
the  article  Fermentation.  The  production  of  whiskey  depends  upon  the  simple  fact, 
that  when  any  vinous  fluid  is  boiled,  the  alcohol,  being  very  volatile,  evaporates  first,  and 
may  thereby  be  separated  from  the  aqueous  vegetable  infusion  in  which  it  took  its  birth. 
Sacar  is  the  only  substance  which  can  be  transformed  into  alcohol.  Whatsoever  fruits, 
seeds,  or  roots  afford  juices  or  extracts  capable  of  conversion  into  vinous  liquor,  either 
eottiain  sugar  ready  formed,  or  starch  susceptible  of  acquiring  the  saccharine  state  by 
proper  treatment.  In  common  language,  the  intoxicating  liquor  obtained  from  the  sweet 
juices  of  fruits  is  colled  wine;  and  that  from  the  infusions  of  farinaceous  seeds,  beer; 
though  there  is  no  real  difference  between  them  in  chemical  constitution.  similar 
beverage,  though  probably  less  palatable,  is  procurable  from  the  juices  and  infusions  of 
many  roots,  by  the  process  of  fermentation.  Wine,  cider,  beer,  and  fermented  wash  of 
every  kind,  when  distilled,  yields  an  identical  intoxicating  spirit,  which  differs  in  these 
different  cases  merely  in  liavor,  in  consequence  of  the  presence  of  a  minute  quantity  of 
volatile  oils  of  different  odors. 

I.  The  juices  of  sweet  fruits  contain  a  glutinous  ingredient  which  acts  as  a  ferment  in 
causing  their  spontaneous  change  into  a  vinous  condition ;  but  the  infusions  of  seeds, 
even  in  their  gejrminated  or  malted  state,  require  the  addition  of  a  glutinous  substance 
ealled  yeast,  to  excite  the  best  fermentation.  In  the  fabrication  of  wine  or  beer  for  drink- 
ing, the  fermentative  action  should  be  arrested  before  all  the  fruity  saocharum  is 
decomposed;  nor  should  it  on  any  account  be  suffered  to  pass  into  the  acetous  stage ; 
whereas  fur  making  distillery  wash,  that  action  should  be  promoted  as  long  as  the 
proportion  of  alcohol  is  increased,  because  the  formation  of  a  little  acetic  acid  is  not 
injurious  to  the  quality  of  the  distilled  spirit,  but  rather  improves  its  flavor  by  the 
addition  of  acetic  ether,  while  all  the  undecomposed  sugar  is  lost.  Distillers  operate 
upon  the  saccharine  matter  from  com  of  various  kinds  in  two  methods ;  in  the  first  they 
draw  off  a  pure  watery  extract  from  the  grain,  and  subject  this  species  of  wort  to  fer- 
mentation ;  in  the  second  they  ferment  and  distil  the  infused  mass  of  grains.  The 
former  is  the  practice  of  the  distillers  in  the  United  Kingdom,  and  is  preferable  on 
many  accounts;  the  latter,  which  is  adopted  in  Germany,  Holland,  and  the  north 
of  Europe,  is  less  economical,  more  uncertain  in  the  product,  and  affords  a  cruder 
spirit,  in  consequence  of  the  fetid  volatile  oil  evolved  fromr  the  husks  in  the 
still.  The  substances  employed  by  the  distillers  may  be  distributed  into  the  following 
classes  : — 

1.  Saccharine  juices.  At  the  head  of  these  stands  cane-juice,  which  fresh  from  the 
mill  contains  from  12  to  If)  per  cent,  of  raw  sugar,  and  like  the  must  of  the  grape 
enters  into  the  vinous  fermentation  without  the  addition  of  yenst,  affording  the  species 
of  spirit  called  Rum,  which  is  possessed  of  a  peculiar  aroma  derived  from  an  essential 
oil  in  the  cane.  An  inferior  sort  of  rum  is  fabricated  from  molasses,  mixed  with  the 
skimmings  and  washings  of  the  sugar  pans.  When  molasses  or  treacle  is  diluted  with 
twenty  times  its  weight  of  warm  water,  and  when  the  mixture  has  cooled  to  78°  F.,  if 
one  twelflh  of  its  weight  of  yeast  be  added,  fermentation  will  speedily  ensue,  and  an 
undent  spirit  will  be  generated,  which  when  distilled  has  none  of  the  aroma  of  rum ; 
proving  this  to  reside  In  the  immediate  juice  or  substance  of  the  cane,  and  to  be  dissi- 
pated at  the  high  temperature  employed  in  the  production  of  molasses.  Though  the 
cane  juice  will  spontaneously  undergo  the  vinous  fermentation,  it  does  so  more  slowly 
and  irregularly  than  the  routine  of  business  requires,  and  therefore  is  quickened  by  the 
addition  of  the  lees  of  a  preceding  distillation.  So  sensible  are  the  rum  distillers  of 
the  advantage  of  such  a  plan,  that  they  soak  woollen  cloths  in  the  yeast  of  the  ferment- 
ing vats,  in  order  to  preserve  a  ferment  from  one  sugar  season  to  another.  In  Jamaica 
and  some  other  of  our  colonies,  50  gallons  of  spent  wash  or  lees  are  mixed  with  6  gal- 
lons of  molasses,  36  gallons  of  sugar-pan  skimmings  (a  substance  rich  in  aroma),  and 
8  gallons  of  water ;  in  which  mixture  there  is  about  one  twelAh  part  of  solid  saccha- 
nmi.  Those  who  attend  more  to  the  quality  than  the  quantity  of  their  rum,  will  use 
a  smaller  proportion  of  the  spent  wash,  which  is  always  empyreumatic,  and  imparts  more 
or  leas  of  its  odor  to  the  spirit  distilled  from  it.  The  fermentation  is  seldom  complete 
la  less  than  9  days,  and  most  commonly  it  requires  from  12  to  15;  the  period  being 
dependant  upon  the  capacity  of  the  fermenting  tun,  and  the  quality  of  its  contents. 
Tile  liquid  now  becomes  clear,  the  froth  having  fallen  to  the  bottom,  and  few  bubbles 
of  gas  are  extricated  from  it,  while  its  specific  gravity  is  reduced  from  1*050  down  to 
0*992.   The  sooner  it  is  subjected  to  distillation  after  this  period,  the  better,  to  prevent 
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the  loss  of  alcohol  by  the  sapervention  of  the  acetous  stage  of  fermentation,  an  accident 
very  liable  to  happen  in  the  sugar  colonies.  The  crude  spirit  obtained  from  the  lai|ie 
single  81  ill  at  the  first  operation,  is  rectified  in  a  smaller  stilL  Aboat  114  gmllonsoir 
mm,  proof  streoslh,  specific  gravity  0*920,  are  obuined  from  1200  gallons  of  wasL 
Now  these  1200  gallons  weigh  12,600  lbs.,  and  contain  nearly  one  eighth  of  their  weigkt 
of  sugar=1575  ib«. ;  which  should  yield  nearly  its  own  weight  of  proof  spirit,  whose 
bulk  is=|jV7^^=:l712  pound  measures^  17 1*2  gallons;  whereas  only  114  are  obtained; 
proving  the  processes  to  be  conducted  in  a  manner  far  from  economical,  even  with  ercfj 
reasonable  allowance. 

Mr.  Edwards  gives  the  following  estimate:  "The  total  amount  of  sweets  framn 
estate  in  Jamaica  which ^akes  200  hogsheads  of  sugar,  is  16,666  gallons.  The  wash  set 
at  the  rate  of  12  per  cent,  sweets  should  return  34,720  gallons  of  low  wines,  which  should 
give  14,412  gallons  of  rum,  or  131  puncheons  of  110  gallons  each." 

By  my  own  experiments  on  the  quantity  of  proof  spirit  obtainable  from  molasses  by  fe^ 
mentation  (afterwards  to  be  detailed),  one  gallon  of  sweets  should  yield  one  gaUon  cf 
spirit  (  and  hence  the  above  16,666  gallons  should  have  afforded  the  same  bulk  of  nm. 
But  here  we  are  left  somewhat  in  the  dark,  by  not  knowing  the  specific  gravity  of  the  twm 
spoken  of  by  Mr.  Edwards.  The  only  light  let  in  upon  us  is  when  he  mentions  rum  oil- 
proof,  that  is,  a  spirit  in  which  olive  oil  will  sink ;  indicating  a  density  neariy  the  mat 
with  our  actual  excise  proof,  for  olive  oil  at  60^  F.  has  the  specific  gravity  0*919.  Whet 
a  solution  of  sugar  of  the  proper  strens:th  is  mixed  with  wine  lees,  and  fermented,  it 
affords  a  spirit  by  distillation  not  of  the  rum,  but  of  the  brandy  flavor. 

The  sweet  juices  of  palm  trees  and  cocoa  nuts,  as  also  of  the  maple,  and  ash,  bird, 
&c.,  when  treated  like  cane  juice  afford  vinous  liquors  from  which  ardent  spirits,  under 
various  names,  are  obtained ;  as  arrack,  &c. ;  the  quantity  being  about  50  poumk  of 
alcohol  of  0-825  for  every  100  pounds  of  solid  saccharine  extract  present.  Honey  siB> 
ilarly  treated  affords  the  metheglin  so  much  prized  by  our  ancestors.  Good  whey,  freed 
from  curd  by  boiling,  will  yield  4  per  cent,  of  spirit  of  wine,  when  fermented  with  the 
addition  of  a  little  yeast. 

2.  The  jiiices  of  apples,  pears,  currants,  and  such  fruits,  afford  by  fermentation  quan- 
tities of  alcohol  proportional  to  liie  sugar  they  contain.  But  the  quality  of  the  spirit  is 
much  better  when  it  is  distilled  from  vinous  liquids  of  a  certain  age,  than  from  recently 
fermented  must.  Cherries  arc  employed  in  Germany,  and  other  parts  of  the  Continent, 
for  making  a  bish-flavored  spirit  called  Kirsch-vrassery  or  chern*  water.  The  fully  ripe 
fruit  is  crushed  by  a  roller  press,  or  an  edge-stone  mill,  along  with  the  kernels ;  the  pulp 
is  fermented  in  a  mass,  the  liquid  part  is  then  drawn  olT,  and  distilled.  More  or  les 
prussic  acid  enters  from  the  kernels  into  this  spirit,  which  renders  it  very  injurious,  as  a 
liquor,  to  many  con^fitulions.  I  was  once  nearly  lyoisoned  by  swallowing  a  wine  glass  of 
it  in  the  valley  of  Chainouni.  The  ripened  red  fniit  of  the  mountain  ash  constitutes  a 
good  material  for  vinous  fermentation.  The  juice  being  mixed  with  some  water  and  a 
little  yeast,  alfonls  when  well  fermented,  according  to  Hermslaedt,  12  pounds,  or  Ij 
gallons,  of  alcohol  from  2  bushels  of  the  ripe  berries. 

3.  Many  roots  contain  susar,  particularly  beet,  from  which  no  less  than  7  per  cent,  of 
it  may  be  extracted  by  judicious  means.  Hermstaedt  recommends  to  mash  the  stesn 
boiled  clean  roots,  and  add  to  the  paste  two  thiids  of  its  weight  of  boiling  water,  and  a 
thirtieth  of  its  weiirlit  of  ground  malt,  mixing  the  materials  well,  and  then  leaving  then 
three  hours  in  a  covered  vessel.  The  mixture  must  now  be  passed  through  a  wire  siere* 
with  meshes  of  one  third  of  an  inch  square  each  ;  the  residuum  is  washed  with  a  little 
cold  water,  and,  when  the  temperature  has  fallen  to  77®  F.,  the  proper  quantity  of  yeait 
must  be  added,  and  the  fermentation  suffered  to  proceed  in  a  covered  tun.  In  5  or  6 
days  it  will  be  complete,  and  will  afford  by  distillation,  from  100  pounds  of  beet  root, 
about  10  or  12  pounds  of  proof  spirits.  Carrots  and  parsnips,  when  similarly  treated, 
yield  a  considerable  quantity  of  alcohol. 

11.  Ardent  spirits  or  vhiskey  from  featla  or  starchy  materials, 
I  have  already  pointetl  out,  in  the  article  Beer,  how  the  starch  is  transformed  into  a 
saccharine  condition,  by  malting  and  mashing;  and  how  a  fermentable  wort  may  beob* 
tained  from  starchy  meal.  By  like  operations  may  all  vegetable  substances,  which  con- 
sist chiefly  of  starch,  become  materials  for  a  whiskey  distillery.  To  this  class  belong 
all  the  farinaceous  grains,  potatoes,  and  the  pods  of  shell  fruits,  as  beans,  vetches,  han^ 
chestnuts,  acorns,  &c. 

1 .  Uliiskey  from  com.  All  those  species  of  com  which  are  employed  in  hrewerie* 
answer  for  distilleries ;  as  wheat,  rye,  barley,  and  oats ;  as  well  as  buckwheat,  and  maixeof 
Indian  com.  The  product  of  spirits  which  these  difllerent  grains  aflford,  depends  npt* 
the  proportion  of  starch  they  contain,  including  the  small  quantity  of  nncrystalliislde 
sugar  present  in  them.  Hermstaedt,  who  has  made  exact  experiments  upon  the  subject, 
reckons  a  quart  (Prussian  or  British)  of  spirits,  containing  30  per  cent,  of  the  absolijj 
alcohol  of  Richter,  for  2  pounds  of  starch.   Hence  100  pounds  of  starch  shookl 
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eohol ;  or  4-375  gallons  imperiaJ,  eqnal  to  7*8  gallons  of  spirits,  excise 

r  the  following  grains  afford  in  spirits  of  specific  gravity  0.9427,  con- 
cent, of  absolute  alcohol,  (=      of  British  proof,)  the  following  quan- 

<  45  pounds  of  spirits ;  rye,  36  to  42 ;  barley,  40 ;  oats,  36 ;  buckwheat, 
The  mean  of  the  whole  may  be  taken  at  40  pounds,  equal  to  4}  gallons 
127  specific  gravity  =  3*47  gallons,  at  excise  proof.  The  chief  difference 
kinds  of  corn  consists  in  their  different  bulks  under  the  same  weight ;  a 
lerable  importance ;  for  since  a  bushel  of  oats  wetfhs  little  more  than  the 
1  of  wheat,  the  furmer  becomes  for  some  purposa  less  convenient  in  use 
though  it  affords  a  good  spirit. 

ye  are  the  species  of  grain  most  commonly  employed  in  the  European 
oakinir  whiskey.  Barley  is  mostly  taken  either  partly  or  altogether  in 
* ;  while  the  other  corns  are  not  mialted,  but  merely  mixed  with  a  certain 
irley  malt  to  favor  the  saccharine  fermentation  in  the  mashing.  4  It  is 
>le  to  use  a  mixture  of  several  sorts  of  grain,  instead  of  a  single  one ;  for 
with  barley  and  oats ;  or  barley  with  rye  and  wheat ;  for  the  husks  of 
d  through  the  wheat  flour  and  rye  meal  keep  it  open  or  porous  when 
IS  faVor  the  abstraction  of  the  wort ;  while  the  gluten  of  the  wheat  tends 
(tarch  of  the  barley  and  oats  into  sugar.  When  the  whole  of  the  grain, 
Ited,  a  much  more  limpid  wort  is  obtained  than  from  a  mixture  of  malt 
;  hence  the  pure  malt  is  preferable  for  the  ale  and  porter  brewer,  while 
irds  a  larger  product,  at  the  same  cost  of  materials,  to  the  distiller.  When 
aly  grain  employed,  from  one  third  to  one  sixth  of  malt  is  usually  mixed 
len  wheat  and  r}'c  are  also  taken,  the  addition  of  from  one  eighth  to  one 
ley  mall  is  sufficient.  Oats  are  peculiarly  proper  to  be  mixed  with  wheat, 
d  open  in  the  mashing. 

I  are  the  proportions  used  by  some  experienced  Scotch  distillers. 
;,  containing  6  bushels  each,  being  used  for  a  mashing,  consist  of, 

I  of  oats,  weighing  284  lbs.  per  boll,  or  47 1  lbs.  per  bushel; 
malt  240  40 

rye  320  53| 

barley  320  53$ 

mean  48) 

oil,  weiching  291  lbs.,  14  imperial  gallons  of  proof  whiskey  are  obtained 
equivalent  to  11*2  gallons  at  25  over  proof. 

for  the  distilleries  is  to  be  conducted  on  the  same  principles  as  for  the 
he  malt  ought  to  be  lightly  kiln-dried,  and  that  preferably  at  a  steam  heat, 
,  which  is  apt  to  give  an  empyreumatic  smell  to  the  grain  that  passes  into 
T  such  persons,  indeed,  as  relish  the  smell  of  burned  turf,  called  peat-reek 
malt  should  be  dried  by  a  turf  fire,  whereby  the  whiskey  will  acquire 
or. 

1,  which  was  originally  prized  as  a  criterion  of  whiskey  made  from  pure 
y  fermented  and  distilled  with  peculiar  care,  has  of  late  years  lost  its 
artifice  of  impregnating  bad  raw  grain  whiskey  with  peat-smoke  has  been 
:tised. 

his  ti'eatise  on  making  spirits,  describes  a  malting  kiln  with  a  copper 
th  steam,  18  feet  long,  and  12  feet  broad,  on  which  a  quantity  of  malt 
in,  is  changed  every  3  or  4  hours,  so  that  in  24  hours  he  turns  out  upwards 
I  excellent  and  well  kilned  article.  The  malt  of  the  distiller  should  be  as 
!,  because  with  the  deepening  of  the  color  an  empyreumatic  principle  is 

corn  is  the  subject  of  distillation,  it  must  be  malted  in  the  jsaroe  way  as 
le  article  Beer.  According  to  Hermstaedt,  its  flour  may  be  advan- 
I  with  the  crushed  malt  in  the  mash  tun.  But  its  more  complete  dissolu- 
H>mplished  by  Siemen's  mode  of  operating  upon  potatoes,  presently  to  be 

Barley  and  raw  grain  are  ground  to  meal  by  millflones,  but  malt  is  merely 
n  rollers.  If  only  one  tenth  or  one  eighth  of  malt  be  used  with  nine 
I  eighths  of  barley,  some  husks  of  oats  are  added,  to  render  the  mash 
rainable. 

shels  of  barley  and  20  of  malt  form  one  mashing,  from  600  to  700 
r,  heated  to  150^  F.,  are  mixed  with  these  60  bushds  in  the  mash  taBj 
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and  carefully  incorporated  by  mach  manaal  labor  with  wooden  oars,  or  in  great  concerns 
by  the  mechanical  apparatus  used  in  the  breweries.  This  agitation  must  be  continvd 
for  2  or  3  hours,  with  the  admission  from  time  to  time  of  about  400  additional  |»]lons  of 
water,  at  a  temperature  of  190°,  to  counteract  the  cooling  of  the  materials.  But  sioce 
the  discovery  of  diastase,  as  the  best  heat  for  saccharifying  starch  is  shown  to  be  lol 
higher  than  160**  F.,  it  would  be  far  better  to  mash  in  a  tun,  partially,  at  least,  stean 
incased,  whereby  we  could  preserve  the  temperature  at  the  appropriate  d^ree  for  geie- 
rating  the  greatest  quantity  of  sugar. 

If  the  wort  be  examined  every  half-hour  of  the  mashing  period,  it  will  be  fooad 
to  become  progressively  sweeter  to  the  taste,  thinner  in  appearance,  bnt  denser  is 
reality. 

The  wort  must  be  drawn  off  from  the  grains  whenever  it  has  attained  its  maxinmB 

density,  which  seldom  exceeds  150  lbs.  per  barrel ;  that  is,  —  =  1*42,  or  42 

360 

per  cent.  As  the  corn  of  the  distiller  of  raw  grain  has  not  the  same  porosity  as  the 
brew^'s,  the  wort  cannot  be  drawn  off  from  t|ie  bottom  of  the  tun,  but  throngh  a  series 
of  holes  at  the  level  of  the  liquor,  bored  in  a  pipe  stuck  in  at  the  eorner  of  the  veneL 
About  one  third  only  of  the  water  of  infusion  can  thus  be  drawn  off  from  the  pastj 
mass.'  More  water  is  therefore  poured  on  at  the  temperature  of  190°,  well  mixed  1^ 
agitation  for  half  an  hour,  then  quietly  infused  for  an  hour  and  a  half,  and  finally  draws 
off  as  before.  Fully  400  gallons  of  water  are  used  upon  this  occasion,  and  nearly  ss 
much  liquor  may  be  drawn  off.  Lastly,  to  extract  from  the  grains  everj'thiag  soluUe, 
about  700  gallons  of  boilini;  hot  water  are  turned  in  upon  them,  thoroughly  incorpo- 
rated, then  left  quietly  to  infuse,  and  drawn  6ff  as  above.  This  weak  wort  is  commoaly 
reserved  for  the  first  liquor  of  the  next  mashing  operation  upon  a  fresh  quantity  of  meal 
and  malt. 

The  English  distiller  is  bound  by  law  to  make  his  mixed  worts  to  be  let  down  into  tke 
fermenting  tun  of  a  specific  gravity  not  less  than  1-050,  nor  more  than  1  090;  the  Scotdi 
and  Irish  distillers  not  less  than  1*030,  nor  more  than  1*080 ;  which  numbers  are  called, 
gravity  50,  90,  30,  and  80,  respectively. 

With  the  proportion  of  malt,  raw  grain,  and  water,  above  prescribed,  the  infusion  first 
drawn  off  may  have  a  strength  =  20  per  cent.  =  spec.  gray.  1*082,  or  73  lbs.  per  barrel; 
the  second  of  50  lbs.  per  barrel,  or  14  per  cent. ;  and  the  two  together  would  have  s 
strength  of  61*2  lbs.  per  barrel  =  17  per  cent.,  or  spec.  grav.  1*070.  From  experiments 
carefully  made  upon  a  considerable  scale,  it  appears  that  no  more  than  four  fiflhs  of  the 
soluble  saccharo  starchy  mailer  of  the  worts  is  decomposed  in  the  best  regulated  fermcn- 
talions  of  the  distiller  from  raw  grain.  For  every  2  lbs.  so  decomposed,  1  lb.  of  alcohol, 
spec.  grav.  is  generated ;  and  as  every  gallon  of  spirits  of  the  spec.  grav.  0*909 

contains  1*6  lbs.  of  such  alcohol,  it  will  lake  twice  4*6  or  9*2  lbs.  of  sacchaiine  matter  to 
produce  the  said  gallon.  To  these  9*2  lbs.,  truly  transmuted  in  the  process,  we  must  add 
one  fifth,  or  1*84  lbs.,  which  will  raise  to  11  04  the  amount  of  solid  matter  employed  in 
producing  a  eallon  of  the  above  spirits. 

Some  di.stillers  mash  a  fourth  time ;  and  always  use  the  feeble  wort  so  obtained  io 
mashing  fresh  erain. 

2.  As  the  imperfect  faccharine  infusion  obtained  from  raw  grain  is  much  more  aces- 
cent than  the  rich  sucary  solution .  col  from  mall  in  the  breweries,  the  distiller  most 
use  every  precaution  to  cool  his  worts  as  quickly  as  possible,  and  to  keep  them  clear  from 
any  acetous  taint.  The  difl'erenl  schemes  of  cooling  worts  are  considered  under  Bm 
and  Refrigkration.  As  the  worts  cool,  a  quantity  of  starchy  matier  is  precipitated,  but 
it  is  all  carefully  swept  along  into  Ihe  fermenting  tun,  and  undoubtedly  contributes  loin- 
crease  the  production  of  alcohol.  During  the  winter  and  tempeiate  months,  when  Ibe 
distilleries  are  most  actively  at  work,  the  temperature  at  which  the  worts  are  set  is 
usually  about  70^  F.  When  much  farinaceous  deposite  is  present,  the  heal  may  be  only 
65°,  because,  in  this  case,  a  slow  fermentation  seems  to  favor  the  conversion  of  that 
starch  into  sugar.  In  some  German  distilleries  a  little  chalk  is  mixed  with  the  worts,  to 
check  acidity. 

3.  The  fermentation. 

The  yeast  added  to  the  worts  as  a  ferment,  ought  to  be  the  best  top  barm  of  the 
London  porter  breweries.  About  1  gallon  of  it  is  requisite  for  every  2  bushels  of  meal 
and  malt  worked  up  in  the  mashing  process ;  and  of  this  quantity  only  a  certain  propor- 
tion is  introduced  at  the  beginning ;  the  remainder  being  added  by  degrees,  on  the  second 
and  third  days. 

Should  the  fermentation  flag,  a  little  more  may  be  added  on  the  fourth  or  fiAh  day, 
and  the  content*  of  the  tun  may  be  roused  by  an  agitator.  About  8  or  9  gallons  mar  be 
introduced  four  days  in  succession  to  the  quantity  of  worts  extracted  from  60  bushels  of 
the  farinaceous  materials ;  or  the  third  day's  dose  may  be  intermitted,  and  joined  to  the 
fourth  on  the  subsequent  day. 
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Great  diversity  and  no  little  caprice  prevail  among  distillers  in  respect  of  the  periods  of 
administering  the  yeast ;  but  they  should  be  governed  very  much  by  the  appearance  of 
the  fermentation.  This  process  continues  from  nine  to  twelve  or  even  fourteen  days, 
according  to  circumstances ;  the  tuns  being  leA  quite  open  during  the  first  five  days,  but 
being  covered  moderately  close  afterwards  to  favour  the  full  impregnation  of  the  liquor 
with  carbonic  acid,  as  a  fermenting. agent.  In  consequence  of  the  great  attenuation  of 
the  wort  by  the  generation  of  so  much  alcohol,  no  good  body  of  yeast  continues  to  float 
on  the  surface,  and  what  is  formed  is  beat  down  into  the  liquor  on  purpose  to  promote 
the  fermentation.  The  temperature  of  the  wash  gradually  increases  till  towards  the  end 
of  the  fourth  day,  when  it  attains  its  maximum  height  of  about  25°  above  the  pitch  of 
M°  or  6QP  at  which  it  may  have  been  set.  The  time  of  the  greatest  elevation  of  tem- 
perature, as  well  as  its  amount,  depends  conjointly  upon  the  quality  of  the  yeast,  the 
nature  of  the  saccharo-starchy  matter,  and  the  state  of  the  weather.  It  is  highly  pro- 
bable that  the  electrical  condition  of  the  atmosphere  exercises  a  considerable  influence 
upon  fermentation.  We  know  the  power  of  a  thunder-storm  to  sour  vinous  fluids.  An 
experimental  inquiry  into  the  relation  between  electricity  and  fermentation,  could  not  fail 
to  prove  both  curious  and  profitable. 

The  dimunition  of  the  density  of  the  wort  is  carefully  watched  by  the  distiller,  as  the 
tme  criterion  of  the  success  of  his  process.  This  attenualionf  as  he  calls  it,  is  owing 
partly  to  the  decomposition  of  the  sugar,  which  communicated  its  gravity  to  the  solution, 
and  partly  to  the  introduction  of  the  lighter  alcoholic  particles.  Were  all  the  saccharo- 
starchy  matter  resolved  into  gaseous  compounds,  the  wort  would  become  water ;  but  since 
a  part  of  it  remains  undecomposed,  and  a  portion  of  alcohol  is  produced  at  the  expense 
of  the  decomposed  part,  the  degree  of  attenuation  becomes  a  somewhat  complicated  pro- 
blem in  a  theoretical  point  of  view ;  the  density  due  to  the  residuary  sugar  being  masked 
and  counteracted  by  the  spirit  evolved.  Could  the  alcohol  be  drawn  oflf  as  it  is  formed, 
the  attenuation  would  probably  become  greater,  because  the  alcohol  checks  the  fermenta- 
tive action,  and  eventually  stops  it,  before  all  the  saccharum  is  decomposed.  AHer  the 
wash  has  taken  its  highest  degree  of  temperature,  not  mucli  more  spirit  is  found  to  be 
generated ;  were  this  therefore  removed  by  proper  means,  the  remaining  vegetable  mat- 
ter would  undoubtedly  yield  a  further  product  of  alcohol. 

In  the  attenuation  of  raw-grain  wash,  the  specific  gravity  seldom  arrives  at  1*000 ;  but 
most  commonly  stops  short  at  1*002  or  1*004.  When  the  vinous  fermentation  comes  to 
an  end,  the  acetous  is  apt  to  commence,  and  to  convert  a  portion  of  the  alcohol  into  vin- 
egar ;  a  result  which  is  easily  ascertained  by  the  increasing  specific  gravity,  sour  smell, 
and  acidulous  reaction  of  the  wash  upon  litmus  paper,  which  remains  aAer  the  paper  is 
heated,  showing  that  the  red  color  is  not  caused  by  carbonic  acid. 

Fermentation  proceeds  with  more  uniformity  and  success  in  the  large  tuns  of  the  dis- 
tiDer,  than  in  the  experimental  apparatus  of  the  chemist;  because  the  body  of  heat 
generated  in  the  former  case  maintains  the  action.  Bui  I  have  succeeded  in  obviating 
tiiis  inconvenience  in  operating  upon  80  or  90  gallons,  by  keeping  up  the  temperature, 
when  it  begins  to  flag,  by  transmitting  hot  water  through  a  recurved  pipe  plunged  into 
the  tun. 

We  have  already  mentioned  that  one  gallon  of  spirits,  one  in  ten  over-proof,  is  upon 
the  average  generated  from  11*04  lbs.  of  starch  sugar;  hence  we  conclude  that  one 
poand  water-measure  of  spirits  £t  proof  imperial  gallon)  is  produced  from  one  pound 

of  the  saccharum. 

Mali  whiskey, — The  treatment  and  produce  of  malt  distilleries  are  in  some  respects 
diflTerent  from  those  of  raw  grain.  Having  been  professionally  employed  by  the 
proprietors  of  both,  I  am  prepared  to  state  the  peculiarities  of  the  latter,  by  an 
example.  500  bushels  of  ground  malt  are  first .  mashed  with  9000  gallons  of  water, 
heated  to  the  temperature  of  160®  F. :  6000  gallons  of  worts  are  drawn  off  into  the 
coolers,  and  let  down  into  the  fermenting  tun  at  68°.  Fiom  3  to  4  per  cent,  of  a 
mixture  of  London  porter  yeast  with  quick  Scotch  barm  are  added,  and  well  stirred 
through  the  mass.  At  the  end  of  two  or  three  days,  in  general,  the  fermentation  is 
finished.  On  the  residuary  grains  of  the  malt,  from  4500  to  5000  gallons  of  water  at 
180^  are  run,  which  after  proper  mashing  as  before,  are  drawn  ofl*;  then  4500  more  are 
poured  on,  the  drainage  of  which  is  added  to  the  second.  Both  of  these  together,  con- 
stituting 9000  gallons,  are  heated  next  day,  and  employed  for  the  mashing  of  500  bushels 
of  fresh  malt.  During  the  fermentation,  the  wash  which  was  set  at  the  spec.  grav.  1*065, 
eooes  down  to  water  =  1*000. 

The  wash  is  distilled  in  two  stills,  appropriated  to  it,  of  about  800  gallons  capacity 
eich,  provided  with  a  rotatory  chain  apparatus  for  preventing  the  lees  from  adhering  to 
the  bottom  of  the  still.  Into  about  800  gallons  of  wash  8  lbs.  of  soap  are  put.  The 
fiqaoi  obtained  at  this  first  distillation  is  called  low  wines.  These  lo^wines  are  redis- 
tilled in  the  spirit  stills  ;  the  first  and  last  portions  of  liquid  being  more  or  less  blue  or 
mflky  in  color,  and  rank  in  flavor,  are  run  into  a  separate  receiver  called  the  faints-i>adc ; 
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while  the  middle  portion,  constitutini^  in  a  well-managed  distillery,  trom  three  foarths  to 
four  fifths  of  the  whole,  are  received  into  the  spirit-back.  The  faints  are  mixed  with  a  large 
quantity  of  water,  and  redistilled,  in  order  to  free  them  from  the  fetid  oil  deriTed  fron 
the  husks  of  the  grain.  The  interception  of  this  noxious  oil  may  be  best  effected  by  t 
self-regulating  bath,  between  the  capital  of  the  still  and  the  refrigeratory,  as  will  be 
explained  in  trealin?  of  Stills.  The  capitals  of  the  common  Scotch  stills  are  made  from 
15  to  SO  feet  high,  in  order  to  prevent  the  chance  of  the  wash  boiling  oTer  into  tbe 
worm ;  and  they  are,  towards  the  beginning  of  the  process,  struck  from  time  to  time 
with  a  rod,  and  by  the  sound  emitted  it  is  known  whether  they  be  empty,  partiallf 
filled,  or  in  danger  of  an  overflow ;  in  which  case  the  fire  is  damped,  a  spool 
near  the  furnace  door,  connected  by  a  leather  pipe  with  an  elevated  reservoir  of  water. 
When  very  pure  spirits  are  wished  for,  a  third  or  even  a  fourth  distillation  is  had  reooane 
to ;  there  being  a  quantity  of  water  mixed  each  time  with  the  spirit  in  the  still,  to  pr^ 
vent  its  acquiring  a  harsh  alcoholic  flavor. 

According  to  some  experienced  distillers  from  raw  grain,  the  mashing  temperature  of 
the  flra^Iiquor  should  not  exceed  140°  P.;  where^is  with  mall  it  may  be  snfely  and 
beneficially  165°  or  170°.  When  rye  is  used  instead  of  malt,  90  bushels  of  it  are  mixed 
with  190  bushels  of  raw  grain,  constituting  280  bushels  in  whole,  for  the  mashing  of 
which  5200  gallons  of  water  are  required.  An  hour  and  a  half  more  time  is  necesiiry 
for  settling  the  mashing  of  the  above  mixture,  than  of  grain  alone.  Gin  is  made  in  thii 
way. 

The  distiller  of  malt  whiskey  calculates  on  obtaining  two  gallons  of  proof  spirits  frm 
one  bushel  of  malt,  in  average  years.  The  highest  yield  is  20  gallons  per  quarter  of  8 
bushels ;  and  the  lowest  is  16,  when  the  malt  and  fermentation  are  indifferent.  The  best 
temperature  to  set  the  fermenting  tun  with  malt  wash  is  about  70°  or  72^  F. 

When  malt  is  5s.  the  bushel,  6  bushels  at  30t.  will  yield  12  gallons  of  proof  spirits. 
These  cost  therefore  2s.  6d.  per  gallon  for  the  malt ;  to  which  must  be  added  3d.  per 
bushel  for  the  amount  of  malt  duty  not  returned,  or  Ij^ i.  on  the  gallon ;  this  added  to  tlie 
Scotch  duty  of  35.  4d.  the  gallon,  makes  the  price  altogether  5s.  llj^. ;  besides  the  ex- 
penses in  fuel,  yeast,  labor,  and  rent,  which  may  be  estimated  at  8|J.  per  gallon.  Batii. 
may  be  deducted  for  what  is  paid  by  the  dairymen  for  the  spent  wash  and  grains.  The 
total  cost,  therefore,  exclusive  of  use  of  capital,  is  6j.  5d.  per  gallon  in  Scotland. 

The  following  is  the  work  of  a  Scotch  distillery,  where  good  malt  whiskey  wu 
made. 

One  bushel  of  the  rnall  weighed  35  lbs.,  or  the  boll,  =  6  bushels,  210  lbs.  In  mashing 
each  boll  of  malt,  110  uallons  of  water  were  run  on  it  at  160°  F.  As  soon  as  the  fer- 
mentini^  tun  of  3000  gallons  capacity  was  char<?ed  with  the  wash  at  from  64°  to  74°  F.,2 
?allon^  per  c(?nl.  of  barm  were  a'Med.  When  the  wash  had  become  attenuated  from 
l-OfiO  lo  l-OlO,  another  gallon  of  barm  was  introduced. 

The  temperature  of  the  rermenlinj»  wash  sometimes  rises  to  96°,  which  is,  hovrever, 
an  extreme  case,  and  not  desirable.  When  the  bubbles  of  carbonic  acid  mount  in  rapid 
succession,  it  is  reckoned  an  excellent  si?n.  If  the  tun  be  small,  and  stand  in  a  cool 
apartment,  it  should  be  started  at  a  hi|»her  temperature  than  in  the  reverse  predicament. 
Should  the  fermentation  be  suffered  lo  fla?,  it  is  in  general  a  hopeless  task  to  restore 
vigorous  action.  Some  try  the  addition  of  bubxy  that  is,  of.  some  wort  brought  into  a  state 
of  rapid  fermentation  in  a  tub,  by  a  lar^e  proportion  of  yeast,  but  seldom  with  much 
success.  Indeed,  the  law  prohibits  the  addition  of  any  wort  lo  the  tun  at  a  later  period 
than  2t  hours  after  it  is  set;  so  that  if  bubs  are  used  afterwards,  the  distiller  is  apt  to 
incur  a  penalty. 

The  maximum  quantity  of  proof  spirits  obtained  on  the  great  scale  at  any  time  from 
raw  grain  mixed  with  from  one  fourth  to  one  eighth  of  malt,  seems  to  be  22  gallons  per 
quarter. 

By  the  British  laws  a  distiller  is  not  allowetl  to  brew  and  distil  at  the  same  time; 
but  he  must  work  alternately,  one  week,  for  instance,  at  fermentation,  and  next  week  at 
distillation. 

In  fermenting  solutions  of  sus^ar  mixed  with  good  yeast,  the  attenuation  has  been 
carried  down  to  0-984,  and  even  0-982,  that  is,  in  the  language  of  the  excise,  16  and  I8de- 
grees  below  water,  from  1*060,  the  density  at  which  it  was  originally  set  in  the  tun.  Thtt 
was  excellent  work  done  on  the  scale  of  a  ereat  distillery  nearly  30  years  ago,  when  dis- 
tillation from  sugar  was  encouraged,  in  conse  quence  of  bad  corn  harvests. 

In  an  experiment  which  I  made  in  1831,  for  the  information  of  a  committee  of  the 
House  of  Commons,  on  the  use  of  molasses  in  the  breweries  and  distilleries,  I  dissolred 
I  cwt.  of  raw  sugar  in  water,  so  as  to  form  74^  gallons,  inclusive  of  2  gallons  of  jeul 
The  specific  gravity  of  the  mixture  was  1*0593  on  the  3 1st  of  March.  Bythe6lh  of 
April,  that  is,  in  6  days,  the  gravity  had  sunk  to  0-992,  or  8  degrees  under  water,  ♦hich 
was  reckoned  a  good  attenuation,  considering  the  circumstances  and  the  small  quantity 
operated  upon.  By  distillation  it  afforded  at  the  rate  of  14'875  gallons  of  proof  spirits 
for  100  gallons  of  the  wash. 
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When  the  distiHera  fint  worked  Trom  vagar,  they  only  obtained  npon  an  average  from 
1  ewt.  10-09  galloni  imp.  of  proof  tpirit;  bnt  they  afterwards*  got  no  leas  than  11*92 
imp.  gaUoot. 

The  ToUowing  experiment,  which  I  made  upon  the  fermentation  of  West  India  molasses 
into  spirits,  for  the  information  of  the  said  committee,  may  prove  not  uninteresting  to 
my  readers.  150  lbs.  were  dissolved  in  water  and  mixed  with  2  gflllons  of  yeast, 
weighing  exactly  20  lbs.  The  wash  measured  70  gallons,  and  had  a  spec,  gravity  of 
1*0647  at  60°  F.  In  two  days  the  gravity  had  fallen  to  1*0055 ;  in  three  days  to 
1-0022 ;  and  in  five  days  to  1-001.  The  temperature  was  kept  up  at  from  SOP  to  90^  F., 
daring  the  last  two  days,  by  means  of  a  steam  pipe,  to  favor  the  fermentation.  The 
produet  of  spirits  was  11  gallons,  and  ^'-^^  of  a  gallon.  Now  150  lbs.  of  the  above 
molasaes  were  found  to  contain  of  solid  matter,  chiefly  uncrystallizable,  112  lbs.  And  as 
112  lbs.  of  sugar  are  estimated  by  the  revenue  laws  to  afford  by  fermentation  llj^  gallons 
imp.  of  proof  spirit,  the  result  of  that  experiment  upon  molasses  must  be  considered 
satisfactory,  bearing  in  mind  that  the  saccharine  substance  in  molasses  has  been  not  only 
pnrtially  decomposed  by  heat,  but  is  mixed  with  some  of  the  glutinous  or  extractiveWttei 
of  the  cane. 

Since  the  alteration  of  the  excise  laws  relative  to  distillation  in  1825  and  1826,  when 
permission  was  given  to  set  the  wort  at  lower  gravities,  the  quantity  of  spirits  produced 
from  1  quarter  of  corn  has  been  much  increased,  even  up  to  fully  20  salions ;  and  the 
proportion  of  malt  has  been  much  diminished.  The  latter  was  soon  reduced  from  three 
sevenths  malt,  and  four  sevenths  barley,  or  two  fifths  malt  and  three  fifths  barley,  to  one 
fifth  of  malt  and  now  to  one  tenth  or  even  one  sixteenth. 

A  discussion  having  lately  taken  place  in  Ireland  between  certain  persons  connected 
with  the  distilleries  and  the  officers  of  the  excise.,  whether,  and  to  what  extent,  raw 
grain  worts  would  pass  spontaneously  into  the  vinous  fermentation,  the  Board  in  London 
reqnested  me  to  superintend  a  series  of  researches  in  a  laboratory  fitted  up  at  their  office^ 
to  settle  this  important  point.  I  shall  content  myself  here  with  criving  the  result  of  one 
experiment,  out  of  several,  which  seems  to  me  quite  decisive.  Three  bushels  of  mixed 
grains  were  taken,  consisting  of  two  of  barley,  one  half  of  oats,  and  one  half  of  malt, 
which,  being  coarsely  ground  by  a  hand-mill,  were  mashed  in  a  new  tun  with  24  gallons 
of  water  at  155°.  The  mash  liquor  drawn  off  amounted  to  18  gallons,  at  the  density  of 
1-0465 ;  and  temperature  of  82°  F.  Being  set  in  a  new  tun,  it  began  to  ferment  in  the 
eonrse  of  12  hours,  and  in  4  days  it  was  attenuated  down  to  gravity  1*012.  This  yielded, 
upon  distillation  in  low  wines,  3*22  gallons,  and  by  rectification,  in  spirits,  3-05 ;  while 
the  quantity  equivalent  to  the  attenuation  by  the  tables  was  3*31,  being  an  excellent 
aeoordance  in  such  circumstances. 

The  inquisitorial  regime  imposed  by  law  upon  our  distilleries,  roii;ht  lead  a  stranger 
to  imagine  that  our  legislators  were  desirous  of  repressing  by  every  species  of  annoyance 
the  fabrication  of  the  fiery  liquid  which  infuriates  and  demoralizes  the  lower  population 
of  these  inlands.  But  alas !  credit  can  be  siven  them  for  no  such  moral  or  philanthropic 
motive.  The  necessity  of  the  exchequer  to  raise  a  great  revenue,  created  by  the  wasteful 
expenditure  of  the  state,  on  the  one  hand,  and  the  efforts  of  fraudulent  ingenuity  on  the 
other,  to  evade  the  payment  of  the  his^h  duties  imposed,  are  the  trueotigin  of  that  reginu. 
Examinations  in  distilleries  are  •constantly  makim?  by  the  officers  of  excise.  There  is  a 
sarvey  at  6  o'clock  in  the  morning,  when  the  officers  take  their  accounts  and  gauges, 
and  make  calculations  which  occupy  several  hours.  At  10  o'clock  they  a?ain  survey, 
going  over  the  whole  premises,  where  they  continue  a  considerable  time,  frequently  tUl 
the  succeeding  officer  comes  on  duty;  at  2  in  the  afternoon  another  survey  takes  place, 
bat  not  by  the  same  people ;  at  6  in  the  evening  the  survey  is  repeated ;  at  10  there 
comes  another  survey  by  an  officer  who  had  not  been  engaged  in  any  of  the  previous 
nrveys  of  that  day.  He  is  not  relieved  till  6  o'clock  next  morning.  In  addition  to  these 
regular  inspections,  the  distilleries  are  subject  to  frequent  and  uncertain  visits  of  the 
itirveyor  and  general  surveyor.  **We  are  never,"  says  Mr.  Smith,  the  eminent  distiller 
of  Whitechapel,  "out  of  their  hands."* 

Before  the  fermented  wort  goes  into  the  still,  a  calculation  is  made  of  the  quantity 
of  wash  drawn  from  the  wash  back,  and  which  is  first  pumped  into  what  is  called  the 
Wash  charsrer.    If  the  quantity  in  the  wash  charger  exceeds  the  quantity  in  the  wash 
faaek,  the  distiller  is  charged  upon  the  higher  quantity;  if  it  contains  les<;,  he  must  pay 
aeeording  to  the  wash  back,  as  being  the  larger  quantity.    When  the  quantity  of  wash  is 
Ml  tran^erred  to  the  charger,  the  discharge  cock  of  the  wash  charter  is  unlocked,  and 
the  wash  is  allowed  to  be  drawn  off  from  the  charger  into  the  still,  the  charging  and 
<liaeliarging  cock  of  the  still  being  locked  by  the  officer.   There  can  be  no  transfer  of 
Wash  but  through  the  pumps,  which  are  locked  also.    The  first  distillation  from  the 
'Wash  Is  worked  into  the  low-wine  receiver,  which  is  also  a  locked  up  vessel ;  then  of 

*  Report  of  Committee  on  Molassos,  9196. 
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thote  low  wines,  the  ttrengUi  ud  quantity  m  wnwtainad  bf  tkt 
of  tbem  affords  a  compariioii  with  the  quantity  which  the  eoatealt  of  the 
been  estiniated  to  prodaee ;  they  are  then  pnmped  from  the  low 
pnmpt  previously  kcked  into  the  low  wine  eharger,  wliich  it  aim  a  locked  «p  ym!; 
fiom  the  locked  up  charger,  after  the  officer  has  done  his  doty  logHdiaf  il^tlwf  anaDov- 
«1  to  be  drawn  off  into  the  low  wine  still,  whieh  is  adistillatioa  of  the  Miad  eHioclhn; 
then  that  low  wine  still  works  into  another  Mud  up  cask,  called  the  apiriC  iceehti^ftr 
the  receiying  of  raw  spiriu ;  when  that  distillation  is  finished,  the  oOeer,  "f^filiig  agsii 
on  regular  notice  for  that  purpose,  takes  the  quantity  and  strength  of  the  epirile^beraB^ 
and  upon  the  quantity  so  ascertained  he  charges  the  duty.  In  distiHing  low  wiet%  ok 
portkm  of  them  fqe$  into  the  spirit  receifer,  and  a  poctioa  into  what  ii  eeUed  the  Aist 
receiver,  which  is  another  locked  up  vessel.  These  (aiats  are  in  the  MSHt  tittilMiBt 
imited  with  the  low  wines,  from  the  succeeding  wash-beck  on  their  aeeoad  dbfjllsfiwi, 
and  are  worked  together!  the  united  produee  of  these  goca  peitly  iato  the  spirit  csi^ 
and  partly  back  again  into  the  faint  cask.  The  operatkm  n  thas  eoetiiived  tiHaU  Um 
backs  in  the  house  are  emptied.* 

ThAe  is  a  kind  of  ardent  spirits  manufactured  in  HoUand,  Tnlgarly  called  DatA  gi^ 
Hollands,  and  sometimes  gsaeM,  from  gtaifm^  the  French  ibr  juniper,  a  plant  with  the 
essential  oil  of  whose  berries  it  is  flavored.  One  cwt.  of  gronnd  mak  miied  with  im 
cwts.  of  rye  meal  are  mashed  for  two  hours,  with  aboat  450  gallons  of  water  at  the  k» 
peratore  of  l&P  F.  The  mash  drawn  off  is  reduced  with  eold  water  till  the  liquid  p«t 
has  the  density  of  46  lbs.  per  barrel,  =:  specific  eravily  1*047  s  and  is  then  pat  nil  togcthw 
into  the  fermenting  back  at  the  temperature  of  80^  F.  One  or  two  galloas  of  yeast  sit 
added.  The  fermenution  soon  becomes  so  vigorous  as  to  raise  the  heal  to  MP  aad 
wards,  but  it  is  not  pushed  far,  being  generally  over  in  two  days,  when  the  gravity  of  tke 
wash  still  indicates  12  pounds  of  sacchanim  per  barrel.  By  this  moderate  atteauaUw, 
like  that  practised  by  the  contraband  distillers  of  the  Highlands  of  Scotland,  it  is  aappoiri 
that  the  fetid  oil  of  the  husks  is  not  evolved,  or  at  least  in  very  smell  qaaalily.  The 
grains  are  put  into  the  alembic  along  with  the  liquid  wash,  and  distilled  into  knr  wisa^ 
which  are  rectifled  twice  over,  some  juniper  berries  and  hops  beiag  added  at  the  last  dih 
tillatum.  But  the  junipers  are  sometimes  bruised  and  put  into  the  mash.  The  prodaee 
of  worts  so  imperfectly  fermented,  is  probnbly  little  more  than  one  half  of  what  tbi 
British  distiller  draws  from  the  same  quantity  of  grain.  Bat  the  rhrapncss  of  labor  isi 
of  grain,  as  well  as  the  superior  flavor  of  the  Skiedam  spirits,  enaldes  the  Dutch  dislSler 
to  earry  on  his  business  with  a  respectable  proflt.  In  opposition  to  the  nbove  fads,  Ds- 
brunfaut  says  that  about  one  third  more  spirits  is  obtained  in  Holland  from  graia  thas  is 
France,  because  a  very  calcareous  spring  water  is  employed  in  the  mashing  operatios. 
Were  this  account  well  founded,  all  that  the  distillers  of  other  countries  would  have  to  do 
would  be  merely  to  introduce  a  portion  of  chalk  into  their  mash  tuns,  in  order  to  be  €S  t 
par  with  the  Dutch.    But  the  statement  is  altogether  a  mistake. 

In  the  vine  countries,  the  inferior  wines  or  those  damaged  by  keeping,  as  also  a  fer- 
mented mash  of  the  pressed  grapes,  mixed  with  water,  are  distilled  to  form  the  eosdiie 
de  Cognac  of  the  French,  called  Brandy  in  this  country.  It  contains  less  essential  oflf 
and  that  of  a  more  agreeable  flavor,  than  com  spirits.   See  Buandt. 

Berzelius  says  that  there  are  distillers  who  are  guilty  of  putting  a  little  arsenious  sod 
into  the  still ;  that  the  spirits  contain  pretty  frequently  traces  of  arsenic,  which  may  ke 
detected  by  adding  to  them  a  little  muriatic  acid,  then  evaporating  off  the  alcohol,  ssi 
passinc:  a  current  of  sulphureted  hydrogen  gas  'hrough  the  residuary  liquid,  which  viD 
give  it  the  characteristic  orpiment  yellow  tinge,  an»cnic  being  present.  Copper,  whieh  ii 
sometimes  introduced  into  distilled  grain,  or  even  malt  spirits,  in  consequence  of  the  nsp 
employed  in  the  process  of  distillation,  may  bedetecl/:^  best  by  the  brown  precipitate  vkiek 
it  occasions  with  ferroprussiate  of  potash.   No  an»c4  w  is  ever  used  in  this  country. 

When  damaged  grain  has  been  mashed  in  making  whiskey,  a  peculiar  oily  suhslSBK 
makes  its  appearance  in  it.  On  approaching  the  nostrils  to  such  whiskey  slightly  hcsted, 
this  volatile  matter  irritates  the  pituitary  membrane  and  the  eyes  very  powerfully.  Theie 
spirits  have  exactly  the  smell  of  an  alcoholic  solution  of  cyanogene ;  they  intoxicate  boR 
powerfully  than  pure  alcohol  of  equal  strength,  and  produce  even  temporary  phns^y 
with  subsequent  sickness  and  disordered  functions.  This  volatile  body  is  not  cyanogMC^ 
though  it  be  so  like  it,  for  it  forms  no  such  combinations  as  cyanogene  does.  It  mtf  ke 
extracted  from  diluted  alcohol  by  agitating  it  with  an  unctuous  oil,  and  then  ^jf  jiifif  Ike 
oil  along  with  water  At  the  end  of  3  or  4  months,  this  volatile  matter  disappeais  is  i 
great  measure,  even  when  the  spirits  impregnated  with  it  are  enclosed  in  well-coriMd 
bottles ;  obviously  from  its  undergoing  a  spontaneous  decomposition.  It  may  be  prUB^ 
ed  much  longer  in  the  state  of  a  watery  solution. 

When  acetic  ether  is  added  to  well  purified  or  clean  spirits,  such  as  the  distlDen  siB 

*  Thomas  Smith,  Ek}.,  of  WbitecUpel  Rowi,  in  Ripest  of  UcStuma  CommittM,  Psit  II.  p.  IIA 
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tilent  whiskey,  it  gives  it  somewhat  of  the  flavor  of  brandy.  For  this  purpose,  also,  the 
spirits  are  rectified  from  bruised  prunes,  or  the  lees  of  the  cognac  distilleries,  whereby 
they  acquire  additional  flavor.  The  astringent  taste  of  old  brandy  is  imitated  by  the  in- 
troduction of  a  little  catechu  into  the  British  spirits.  Burned  sugar  is  employed  as  a 
coloring  in  these  imitations. 

IV.  Of  making  whiskey  from  potatoes. — This  root,  in  certain  localities  where  il 
abounds  at  a  moderate  price,  is  an  excellent  material  for  fermenting  into  alcohol.  When 
•oand,  it  possesses  from  20  to  25  per  cent,  of  solid  substance,  of  which  starch  consti- 
tuteis  at  least  three  fourths ;  hence  100  {munds  contain  from  16  to  22  pounds  of  starch 
susceptible  of  beii\g  saccharified.  In  the  expressed  juice  there  is  a  small  quantity  of 
tartaric  acid. 

Previously  to  mashing,  potatoes  must  be  first  well  washed  in  a  horizontal  cylindrical 
cage  revolving  partially  in  a  trough  of  water,  as  will  described  in  treating  of  the 
manufacture  of  sugar  from  beet  root.  They  must  be  then  boiled  in  a  close  vessel  with 
steam,  provided  with  a  perforated  bottom  a  few  inches  above  the  real  one.  The  top  has 
an  opening  with  a  cover  fitted  tightly  to  it ;  through  that  the  potatoes  are  introduced ; 
and  immediately  above  the  false  bottom  there  is  a  similar  aperture  through  which  the 
boiled  potatoes  are  taken  out.  The  steam-pipe  enters  at  the  top,  runs  down  the 
side  a  little  way,  and  terminates  in  a  widened  mouth.  The  large  lids  are  secured  by 
cross  bars,  the  small  hole  by  folds  of  linen.  In  the  lower  valve  there  are  two  small  holes 
closed  with  pins,  for  inserting  a  wire  to  feel  whether  the  potatoes  be  sufficiently  boiled. 
If  so,  the  steam  is  immediately  stopped  ofl*,  the  lower  Ud  is  removed,  and  the  potatoes 

pulled  out  with  a  hook  into  a 
362  tub.    They  must  be  imme- 

diately made  into  a  homoge- 
neous paste  before  they  get 
cold.  Fig.  361  represents,  in 
plan,  or  horizontal  section,  the 
apparatus  used  in  France  for 
this  purpose,  a  b  are  two 
eylinders  covered  with  wire 
cloth,  but  open  at  the  ends; 
c  c  and  d  d  are  two  pieces  of 
wood  fixed  on  the  two  axes, 
in  the  form  of  two  cones,  with 
the  adjoining  surfaces  trun- 
cated; upon  which,  as  also 
upon  iron  rings  e  f,  of  the 
same  diameter,  made  fast  to 
the  axes,  the  wire  cylinder  rests.  Of  the  two  wheels  g  h,  the  smaller  has  18,  the 
greater  has  21  teeth.  The  diameter  of  each  cylinder  is  14  inches,  the  length  18. 
Above  and  between  the  two  cylinders,  there  is  a  hopper  for  the  reception  of  the  boiled 
potatoes.  This  machine  triturates  1200  pounds  of  potatoes  per  hour.  Their  paste  must 
be  forthwith  mashed  with  some  ground  wheat  or  barley,  and  a  proportion  of  malt ;  then 
be  set  a  fermenting. 

As  in  the  above  mode  of  trituration,  the  potatoes  are  apt  to  cool  to  such  a  degree  as  to 
obstruct  their  ready  admixture  with  water,  it  is  better  to  make  them  into  a  paste  in  the 
vessel  in  which  they  are  steamed.  The  apparatus  contrived  by  Siemens  fully  answers 
this  end.  It  consists  essentially  of  a  tub  a,  represented  in  Jig.  362,  in  section.  It  is 
cylindrical,  and  made  of  planks  from  3  to  4  inches  thick,  joined  firmly  and  steam-tight; 
the  opper  and  under  ends  being  well  secured  with  iron  hoops.  The  lower  part  is  about  2 
inches  more  in  diameter  than  the  upper.  About  a  foot  from  the  bottom,  in  a  circular 
groove,  a  cast  iron  partition  w,  or  disc  full  of  holes,  is  made  fast,  which  serves  the  pur- 
pose of  a  scarce,  the  apertures  being  an  inch  asunder ;  above,  from  ^  to  of  an  inch 
ia  diameter,  and  below,  scooped  out  to  half  an  inch.  This  disc  is  half  an  inch  thick  in 
the  edges,  and  five  fourths  of  an  inch  in  the  middle. 

Through  the  female  screw  a  in  the  top  of  the  cylinder,  there  passes  the  screwed 
rod  bf  one  and  a  half  inches  thick,  provided  at  top  with  a  strong  cross  bar  c  c,  for 
taming  it  round.  The  under  end  of  this  rod  has  a  square  piece  terminating  in  a  short 
,  upon  which  a  wrought  iron  cross  is  secured  by  means  of  a  screw  nut, 
as  to  stand  at  right  angles  to  the  rod.  This  cross  is  composed  of  two  distinct 
of  which  one  of  them  is  mounted  on  the  upper  side  with  little  knives  an  inch 
ud  a  half  long ;  the  other,  upon  the  under  side,  with  a  wire  brush,  that  may  be  made 
to  mb  against  the  perforated  cast  iron  disc.  On  the  side  of  the  cylinder  at  e,  Jig.  362, 
tbere  is  a  narrow  aperture  provided  with  a  bung  secured  by  a  cross  bar,  and  near  the 
bottom  at  H  there  is  another  like  it.  Both  openings  serve  for  taking  out  the 
residuary  matter.  Through  the  opening  e,  the  above  two  arms  are  introduced;  and 
lecnred  to  the  square  of  the  rod  by  the  screw  nut.   In  the  top  there  is  an  openingKi^ 
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ibr  potting  in  the  potatoes  wUeh  mxf  1»e  drat  in  tlie  mow  ««r.  Fraa  the  lii  tot 
likewise  iisaes  a  lateral  tabe  r,  whieii  tenninateB  ia  a  tabAd  of  waiory  fbr  eamimiit$ 
the  waste  steam,  o  is  the  tube  eonneeted  with  the  steam  bofler^ftr  eoadttcCuig  IheUMi 
into  the  space  under  the  iron  dise  w. 

With  this  apparatos  the  potatoes  are  prepared  as  fbDows;  wtea  the  aeicw  roi.  km 
ixed  that  the  cross  touches  the  dise»  the  eylinderisto  be  ADed  with  washed  potataesls 
within  one  foot  of  the  top,  leafing  them  some  space  to  expand.  The  oriiee  d  is  to  k 
then  closed,  and  the  steam  admitted.  When  th^potatoes  are  boiled  winariijIWD  iaberai 
lay  hold  of  the  lever  handles  c  c,  of  the  serew  rod  6,  and  tm  it  tond  wnh  the  eftettf 
screwing  up  the  tpiked  cross,  and  of  tritnrating  the  potatoes  i  aa  openitiwi  which  asr 
be  still  more  effectnaUy  done  hj  screwing  it  down  again.  The  potato  paste  ii  aowli 
off  by  the  ping  hole  h,  into  the  tnb  where  it  is  mixed  with  abont  90  per  ceaL  of  hii^ 
ing  water,  and  one  thopsaadth  part  of  potash,  made  caastie  with  qnidkliaie,  ia  oider  Is 
dissolTe  the  albominoos  matter  eoagnlated  by  the  heat,  and  give  complete  midity  to  fti 
mass.  The  alkali  also  neatralizes  the  tartaric  ackl  present.  The  mashed  matter  Ml 
BOW  be  miied  with  the  crashed  malt  diffnted  throngh  40  or  50  poands  of  eold  wals  fbr 
erery  100  pounds  of  potatoes,  which  lowers  the  temperatore  to  167*.  The  wort  mat 
be  then  diligently  stirred  doriug  two  honrs;  mixed  with  40  or  00  ponds  of  cold  wato 
fbr  100  poands  of  poutoes,  and,  when*rednced  to  the  teaapieratnne  of  77%  ptt 
into  the  fermenting  tun  ak>ng  with  the  proper  qnaatity  (8  or  4  per  ceat)  of  twL 
As  potatoes  readily  pass  into  the  acetons  fenneatation,  the  admiztnre  of  the  mmS^  fti 
mashing,  and  the  cooling  should  be  rapidly  performed,  while  the  vtraoit  cleaaliMB  mat 
he  observed. 

The  fermentation  is  brisk,  probably  from  the  agency  of  the  aibomen,  and  fliraishsi  t 
head  of  barm,  which  answers  well  for  the  bakers ;  100  pounds  of  potatoes  yieH 
18  to  20  pounds  measure  of  spirits,  nine  derenths  of  our  excise  proof  i  or  about  N 
pounds  measure  of  proof,  =  abont  If  gallons. 

It  has  been  obsenred  that  after  the  month  of  December  potatoes  begin  to  yidd  a 
mailer  product  of  f^rmeated  spirits;  and  when  they  haYc  once  mooted  or  gendnatd^ 
they  afibid  very  little  indeed.  From  the  difficulty  of  keepmg  aad  traospoKtinf  potaloei, 
distiUatkm  fVom  them,eTea  thooah  our  laws  bow  permit  it,  can  never  becoaae  aeaerd  tit 
some  plan  be  adopted  for  orerooming  these  disad?antagcs.  A  scheme  of  this  kiad,  hoi^ 
ever,  has  been  soccessfully  practised  in  Vienna,  which  consists  in  sabjeetiag  the  washd 
potatoes  to  strong  pressure  in  a  perforated  chest  by  a  hydraulic  or  screw  preas^  wherdf 
they  lose  about  three  fourths  of  their  weight,  and  may  then  be  readily  dried  into  a  while 
floor,  that  may  be  kept  for  seyeral  years  without^njury,  and  transported  to  considefaUe 
distances  with  comparative  ease.  This  flour,  mixed  with  a  moderate  quantity  of  giomd 
malt,  and  saccharified  by  mashing  with  water,  at  the  temperatore  of  107"  F.,  becoam 
capable  of  afTording  a  sweet  wort  convertible  by  fermentation  either  into  beer  cc 
whiskey. 

Horse-chestnuts,  according  to  Hermstaedt,  are  an  eligible  material  for  produdng  ak^ 
hoi,  as  128  pounds  of  them  aflbrd  100  pounds  of  meal ;  which  100  pounds  yield,  Iqr 

Koper  treatment,  34  pounds  of  spirits,  containing  36  per  cent,  of  absolute  alcohol, 
ichter's  tables.    Barley  to  the  extent  of  10  pounds  per  100  should  be  ground  up  aitk 
them,  aAer  they  have  been  boiled  in  a  steam  apparatus,  not  only  for  the  purpose  cf 
soAeninff  them,  but  freeing  them  from  their  bitter  astringent  matter.   Acoma  are  piD' 
ductive  of  alcohol  by  similar  treatment. 

The  best  means  hitherto  discovered  for  depriving  bad  whiskey  of  its  nauseous  SDcfl 
and  taste  is  to  pass  it  through  well  burned  and  coarsely  pulTcrizcd  charcoal,  distribstd 
as  follows  in  a  series  of  cylindrical  casks.  Each  vessel  must  have  a  double  bottosD,  tkc 
fUse  one  being  perforated  with  conical  holes,  and  placed  a  few  inches  above  the  tise. 
Upon  this  perforated  board  a  layer  of  chopped  dean  straw,  one  inch  thick,  is  laid ;  tsl 
over  the  straw,  a  stratum  of  small  river  gravel,  the  size  of  large  peas.  Tliis  is  to  te 
covered  with  a  pretty  thick  stratum  of  the  charcoal,  previoudy  flrc^  from  dirt  and  M 
by  arashing ;  upon  which  a  piece  of  dose  canvass  is  to  be  spread,  and  pressed  down 
a  thin  bed  of  river  sand.  The  cylinder  or  cask  should  be  filled  with  these  suceesdw 
layers  to  within  two  inches  of  its  top,  and  it  is  then  to  be  closed  air-tight.  Immedistelf 
below  the  head,  a  round  orifice  is  pierced  in  the  side,  for  receiving  an  overflow  tsl^ 
which  is  either  screwed  rectangularly  to  another  elbow  pipe,  or  is  bent  (when  of  Mock 
tin)  so  as  to  enter  tight  into  an  orifice  beneath  the  false  bottom  of  the  second  cylinder 
cadi.  In  this  way,  the  series  may  be  continued  to  any  dedred  number  of  vends { tie 
last  discharging  the  purified  spirit  into  the  stbre-back.  The  fbul  spirit  must  be  msli 
flow  into  the  tottom  space  of  the  first  cylinder  down  through  a  pipe  in  comnranieslioa 
with  a  charging-back  placed  upon  such  an  elevated  level  as  to  give  sufildent  preisare  ts 
force  the  spirits  up  through  the  series  of  filters;  the  supply-pipe  bemg  provided  wilk* 
regulating  stop-cock.  The  spirit  may  be  filtered  doumwmrdt  through  sand  and  dolk  it 
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itMage  to  the  receiver.   It  has  heen  found,  with  very  crude  spirits,  that  eight 
e  cylinders  were  required  to  deprive  them  entirely  of  the  rank  flavor, 
year  1831,  23,000,000  gallons  of  spirits  were  made  in  the  United  Kingdom, 
it  to  the  consumption  of  1,500,000  quarters  of  grain,  and  for  that  year  and  the 
ceding  years,  there  were  imported  annually  2,000,000  of  quarters  of  foreign 

In  1832, 20,778,521  gallons  paid  excise  duty. 
1834,23,397,806. 

1836,  27,137,000 ;  of  which  14,000,000  were  Irish, 
ly  add  to  the  last  quantity,  3  millions  of  gallons  at  least  on  the  score  of  smug- 
licensed  and  illicit  distilleries ;  making  30  millions  to  be  the  frightful  amount 
ij  consumed  by  the  British  people,  independent  of  other  intoxicating  liquors. 
MACY,  from  the  Greek  Ain/ia^w,  I  proi^  (Docimasie,  Ft,;  Probierkumt, 

is  the  art  by  which  the  nature  and  proportions  of  an  ore  are  determined, 
ilytical  examination  was  originally  conducted  in  the  dry  way,4he  metal  being 

from  its  roineralizers,  by  means  of  heat  and  certain  fluxes.  But  this  method 
Qtually  found  to  be  insuflficient  and  even  fallacious,  especially  when  volatile 
ere  in  question,  or  when  the  fluxes  could  absorb  them.  The  latter  circum- 
icame  a  very  serious  evil,  whenever  the  object  was  to  appreciate  an  ore  that  was 
rked  at  great  expense.  Bergmann  first  demonstrated,  in  an  elaborate  disser- 
at  the  humid  analysis  was  much  to  be  preferred ;  and  since  his  time  the  dry 

been  consecrated  chiefly  to  the  direction  of  metallurgic  operations,  or,  at 

has  been  employed  merely  in  concert  with  the  humid,  in  trials  upon  the 
Je. 

discovering  an  ore  of  some  valuable  metal,  it  is  essential  to  ascertain  if  its 
and  state  of  combination  will  justify  an  adventurer  in  working  the  mine,  and 

its  products.  The  metal  is  rarely  found  in  a  condition  approaching  to  purity; 
1  disseminated  in  a  mineralizing  gangue  far  more  bulky  than  itself;  and  more 
y  stiJl  it  is  combined  with  simple  non-metallic  substances,  such  as  sulphur, 
:hlorine,  oxygen,  and  acids,  more  or  less  difllcult  to  get  rid  of.  In  these 
d  states  its  distinctive  characters  are  so  altered,  that  it  is  not  an  easy  task 
»  recognise  its  nature,  or  to  decide  if  it  can  be  smelted  with  advantage.  The 
without  neglecting  any  of  the  external  characters  of  the  ore,  seeks  to  penetrate, 
ak,  into  its  interior ;  he  triturates  it  to  an  impalpable  powder,  and  then  subjects 
decomposing  action  of  powerful  chemical  reagents ;  sometimes  with  the  aid  of 
ir  salts  appropriate  to  its  nature,  he  employs  the  dry  way  by  fire  alone;  at 
e  calls  in  the  solvent  power  of  acids  with  a  digesting  heat ;  happy,  if  after  a 
labors,  long,  varied,  and  intricate,  he  shall  finally  succeed  in  separating  a 
[vroportion  of  one  or  more  metals  either  in  a  pore  state,  or  in  a  form  of  com- 

such,  that  from  the  amount  of  this  known  compound,  he  can  infer,  with 
,  the  quantity  of  fine  metal,  and  thereby  the  probable  value  of  the  mine.  The 
e,  skilfully  applied,  aflfords  ready  indications  of  the  nature  of  the  metallic 
nts,  and  is  therefore  usually  the  preliminary  test.  The  separation  of  the 
constituents  of  the  ore  can  be  effected,  however,  only  by  a  chemist,  who  joins 
lost  extensive  knowledge  of  the  habitudes  of  mineral  substances,  much  expe- 
agacity,  and  precision,  in  the  conduct  of  analytical  operations.  Under  the 
il  metals,  as  also  in  the  articles  Metalluroy,  Mines,  aiid  Ores,  I  have  endea- 

present  such  a  copious  and  correct  detail  of  docimastic  processes,  as  will 
guide  the  intelligent  student  through  this  most  mysterious  labyrii^th  of  nature 

rOCK  is  a  species  of  figured  linen  of  stout  fabric,  which  derives  its  name 
own  in  Scotland,  where  it  was  first  manufactured  for  table-cloths.  It  is  the 
pie  in  pattern  of  all  the  varieties  of  the  diaper  or  damask  style,  and  therefore 
t  are  usually  of  coarse  quality  for  common  household  wear.  It  receives  the 
reversing  the  flushing  of  the  warp  and  woof  at  certain  intervals,  so  as  to  form 
or  oblong  rectangles  upon  the  cloth.  The  most  simple  of  these  is  a  succession 
ate  squares,  forming  an  imitation  of  a  checker  board  or  mosaic  work.  The 
kinds  are  generally  woven  as  tweels  of  three  leaves,  where  every  thread  floats 
>,  and  is  intersected  by  the  third  in  succession.  Some  of  the  finer  are  tweels 
IT  five  leaves,  but  few  of  more ;  for  the  six  and  seven  leaf  tweels  are  seldom  or 
Md,  and  the  eight  leaf  twed  is  confined  almost  exclusively  to  damask.  See 
;  Fabric. 

GON'S  BLOOD  (Sang  dracany  Ft.  ;  Drachentdut,  Germ.)  is  a  resinous 
e,  which  comes  to  us  sometimes  in  small  balls  of  the  size  of  a  pigeon's  egg^ 
w  ia  rods,  like  the  finger,  and  sometimes  in  irregular  cakes.  Its  color,  in 
daric  brown  red;  in  powder,  bright  red;  friable;  of  a  shining  fractore, 
r.  1-196.    It  contains  a  little  benzoic  acid,  is  insoluble  in  water,  but  dissolvet 
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mdflf  ID  akobol,  ether,  ud  oils.  It  it  fanmglit  hom  tte  Bi 
Aiiieric%  ts  the  pitidiiee  of  terertl  tree^the  Jhmcamm  DnMS^tke 
the  Pterocarjnu  Dmeo,  and  the  Caianm$  Boltmg. 

Dragon's  blood  is  used  chiefly  for  tiofeiog  spirit  toA 
vrepttrinf  «dd  keker,  for  tooth  tinetsres  and  povdcrs,  ibr  sCaiaii^  miiMfc  4be. 
tng  to  Herbenger,  it  consists  of  9-07  pnrts  of  red  resin,  9  of  Ibl  ofll,  3  of 
1*6  of  oxalate,  and  3-7  of  pbosphnte  of  lime. 

DRUGGET  is  a  coarse,  bat  nther  slight,  wooOes  IbMe^  Md  Ar 
and  as  an  article  of  dothing  by  Ibmales  of  the  poorer  dttsoi.  It  ii 
taperseded  by  coarse  cotton  goods. 

DRYING  HOUSE.  An  apartment  fitted  ap  in  a  peeaUar  i 
and  other  textile  fabrics.    Mr.g^oothworth,  of  Shaiples,  a 
tained  a  patent,  in  1823,  for  the  following  ingeaioas 
since  generally  adopted,  with  eertaia  oMMlificatioas,  ia  nool  of  ms  axtaanva 
and  printing  works.  Fi§,  363  is  a  seetioa  of  the  dryiaghoasc^  where  •  in  a 


boiler  for  the  purpose  of  generating  steam  ;  it  is  famished  with  a  safety  vaWe  in  tk 
tube  by  at  top,  and  from  this  tube  the  steam  main  c  passes  down  to  the  floor  of  the  btK- 
ment  story.  From  this  main,  a  series  of  steam-pipes,  as  d  (2,  extend  oyer  the  foifttt 
of  the  floor,  and  from  them  heat  is  intended  to  be  diffased  for  the  purpose  of  warming  tk 
drying-house. 

Along  the  middle  of  the  building  a  strong  beam  of  timber  c  e,  extends,  and  is  s■^ 
ported  by  cast-iron  pillars;  from  this  beam,  to  bearings  on  the  side  walls,  a  series  of  nfls 
are  carried  in  a  cross  direction,  oyer  which  rails  the  wet  cloth  is  to  be  hung  in  folds,  tnd 
the  steam  or  evaporation  emitted  in  drying  is  allowed  to  escape  throngh  apertures  or  ven- 
tilators in  the  roof. 

The  mode  in  which  the  cloth  is  deliyered  on  to  the  rails,  on  either  side  of  the  besa, 
will  be  best  understood  by  reference  to  the  delivering  carriage,  which  is  shown,  with  itt 
rollers  partly  in  section. 

The  wet  doth  is  first  to  be  coiled  upon  a  roller,  and  then  placed  in  the  carriage^  li 
at  /,  with  its  pivots  bearing  upon  indined  planes.  The  carriage  is  to  be  placed  st  the 
commencement  of  the  rails,  running  upon  the  middle  beam,  and  also  upon  the  vit' 
bearings  or  railways  extending  along  the  side  walls  of  the  building,  paralld  to  •i' 
upon  a  level  with  the  same  beam.  It  is  made  to  travd  by  means  of  an  endless  teni 
passing  over  two  riggers,  g  and  ^  in  fig.  363,  and  over  pulleys  and  a  band-wlied 
attached  to  the  carriage,  as  will  be  explained.  The  rigger  g,  which  moves  this  cafloi 
band,  is  actuated  by  bevd  gear,  seen  at  t,  which  is  put  in  motion  by  a  pinion  at  the  csi 
of  a  revolving  shaft  leading  from  a  steam  engine. 

In  the  same  fig.y  kkvi  the  endless  band  passing  over  a  pulley  under  the  band^ffcadli 
and  over  the  pulley  n,  by  which  it  will  be  perceived  that  the  traversing  of  the  bsii^ 
described,  would  cause  these  pulleys  and  wheels  to  revolve.  On  the  ule  of  the  tenf 
wheel  m,  there  is  a  drum  against  which  the  roll  of  wet  doth  /  presses,  and  si  tkii 
drum  revolves,  the  roll  of  wet  cloth  is,  by  its  friction,  made  to  turn  in  a  oontrsiy  ^ 
rection,  and  to  deliver  off  the  cloth  on  to  the  periphery  of  the  drum,  whesee  it 
passes  over  a  roller  and  descends  to  the  rails.    Upon  the  end  of  the  axle  of  ^ 
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n,  there  U  a  pinion  which  takes  into  the  teeth  of  the  lar^  wheel,  and  upon 
lis  large  wheel  there  is  a  pinion  that  actuates  the  intermediate  wheel,  which 
r  toothed  wheel.   This  last-mentioned  toothed  wheel  takes  into  cogs  upon  ^ 
wtij,  and  hence,  as  the  train  of  wheels,  moves  round,  the  carriage  to  which 
re  attached  is  slowly  impelled  Ibrward. ' 

s  the  wheels  begin  to  move,  and  the  carriage  to  advance,  the  wet  cloth 
coil,  and  to  pass  down  over  the  first  roller ;  a  small  roller  attached  to  the 
t  passes  over  the  rails  in  succession,  holds  the  cloth  against  each  rail  for  a 
»f  time,  and  prevents  it  from  slipping,  by  which  means  the  cloth  descends 
tops  between  the  rails,  and  is  thereby  made  to  haag  in  a  seri^  of  folds  or 
trn  in  the  figure. 

perceived  that  as  the  pivots  of  the  cloth  roller  /  bear  upon  inclined  planes, 
II  continnaHy  slide  down  as  the  cloth  diminishes  in  bulk,  keeping  in  con- 
drum,  and  delivering  the  cloth  from  the  roller  on  to  the  several  mUs,  as 

stop  the  carriage  in  any  part  of  its  course,  or  to  adjust  any  of  the  folds  of 
man  is  usually  placed  upon  the  platform  travelling  with  the  carriage,  over 
;  perfect  command.  This  apparatus  may  be  also  employed  for  taking  the 
4ed  off  the  rails;  in  which  case  the  carriage  must  be  made  to  travel  back- 
y  first  guiding  the  end  of  the  cloth  on  to  the  roller  /,  and  then  putting  the 
etrograde  motion,  the  cloth  will  be  progressively  coiled  upon  the  roller  /,  in 

to  that  by  which  it  was  uncoiled. 

PY  {StrtdtbarkHty  Germ.)  is  the  property  of  being  drawn  out  in  length 
cing,  possessed  in  a  pre-eminent  degree  by  gold  and  silver,  as  also  by  many 
by  gloss  in  the  liquid  state,  and  by  many  semifluid  resinous  and  gummy 
The  spider  and  the  silk-worm  exhibit  the  finest  natural  exercise  of  ductility 
aliar  viscid  secretions  from  which  they  spin  their  threads.  When  a  body 
'  extended  in  all  directions  under  the  hanuner,  it  is  said  to  be  malleable,  and 
ets  under  the  rolling  press,  it  is  said  to  be  laminaUe. 


TahU  of  the  ductility  and  malUabilHy  of  Mttalt. 


lie  and 

Brittle  metalt 

Metala  in  the  order 

Metala  in  the  order  of 

ihabetical 

in 

of  their  wire-drawinf 

their  laminable 

alphabetical  order. 

ductility. 

dactility. 

n. 

Antimony. 

Gold. 

Gold. 

Arsenic. 

Silver. 

Silver. 

Bismuth. 

Platinum. 

Copper. 

Cerium.  7 

Iron. 

Tin. 

Chromium. 

Copper. 

Platinum. 

Cobalt. 

Zinc. 

Lead. 

ium. 

Columbium. 

Tin. 

Zinc. 

Iridium. 

Lead. 

Iron. 

Manganese. 

Nickel. 

Nickel. 

Molybdenum. 

Palladium.  ? 

Palladium,  f 

m. 

Osmium. 

Cadmium.  ? 

Cadmiom.  ? 

). 

Rhodium. 

m. 

Tellurium. 

Titanium. 

Tungsten. 

Uranium. 

ars  to  be,  therefore,  a  real  difference  between  ductility  and  malleability ; 
which  draw  into  the  finest  wire  are  not  those  which  afford  the  thinnest 
he  hammer  or  in  the  rolling  press.  Of  this  fact  iron  affords  a  good  illus- 
ing  the  melals  permanent  in  the  air,  17  are  ductile  and  16  are  brittle.  But 
ile  cannot  be  wire-drawn  or  laminated  to  any  considerable  extent  without 
d  from  time  to  time  during  the  progress  of  the  extension,  or  rather  tht 
[^articles  aloneside  of  each  other,  so  as  to  loosen  their  lateral  cohesion. 
,  in  calico-printing,  is  the  application  of  a  bath  of  cowdung,  diffused 
"ater,  to  cotton  gooids  in  a  particular  stage  of  the  manufacture.  Dunging 
are  commonly  alternated,  and  arc  two  of  the  most  important  steps  in  the 
operation  of  dunging  has  for  its  objects  : — 

nine  the  entire  combination  of  the  aluminous  sub-salts  with  the  stuffs,  by 
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•epBTating  almotl  aU  tkt  acetk  add  wbidi  was  aoC  vdatilinl  ia  ittff6<iyi^grffc 
mofdaat. 

2.  To  dissolve  and  eirry  off  from  the  cloth  a  portion  of  tkt  tUtteahif  BMtlcn. 

3.  To  separate  from  the  cloth  the  part  of  the  moidaat  that  is  nMomhtaed,  aad  Mtr 
miied  mechanically  with  the  gam  or  itarch. 

4.  To  prevent,  1^  the  peculiar  action  of  the  dung,  the  naeoniblaed  noidaat,  as  vdlii 
the  acetic  acid  with  which  the  hath  is  apt  to  get  loaded^  from  afieeting  iIm  fafauik  pM 
of  the  doth,  or  being  iajorious  to  the  motdant. 

The  alnminons  base  or  mordant  on  the  doth,  more  or  lem  neatialiied  bgr  ^ 
is  next  sulyected  to  the  dash-whed  or  AUling  mill,  where  bj;  the  streaM  of  «ai«fli 
remainder  of  the  thickening  and  other  imparities  are  washed  away. 

No  Tery  exact  analysis  has  been  made  of  eofwdang.  Morin'^n^dk  is  tte  MUnNri 
aad  ejpborate,  is  as  follows »—  , 

Water  TOOO 

Vegetable  fibre    -      •      .    *.     -  84-08 
Green  leda  and  Ait  aeids  -     •    *  •  • 
Undeeomposed  biliary  matter      -     •  (HSO 
Peenliar  extractive  matter  (MaHat)  -      -  l-OO 

Albamen  0-40 

Biliary  redn  -  l-OO 
Aeeording  to  M.  Kcschlin's  practical  knowledge  on  the  mat  aeafe,  it  eoadsb  a 
mdst  fibroDs  vegetable  substance,  which  is  animaliied,  and  renas  about  oae  tealh  sf  Ito 
wdght  {  2.  of  albamen  j  3.  of  animal  mucus ;  4.  of  a  sabstaaee  similar  to  bile}  ft. 
muriate  of  soda,  muriate  and  acetate  of  ammoais,  phosphate  of  lime  aad  oilier  adls{  H 
ef  bensoin  or  musk. 

Probably  the  hot  water  in  which  the  calico-priater  dillbses  the  daag  enrta  a  iwM 
solvent  action,  and  in  proportion  ts  the  uncombined  mordaat  floats  ia  the  bath  k  is  p» 
eipitated  by  the  albamen,  the  animal  mucus,  and  the  ammoniaeal  salts;  bat  there  is  hb^ 
son  to  think  that  the  fibrous  matter  in  part  animaiised  or  eofvered  widi  animal  mstto^ 
plays  here  the  prindpal  part ;  for  the  great  affinity  of  this  sabstaaee  for  the  alamiaMi 
salts  is  well  known. 

All  practical  men  are  aware  that  the  affiaity  of  cotton  for  alumina  is  increassd  If 
its  combination  with  oil  or  animal  substances,  to  such  a  degree  as  to  take  It  from  As 
dung  bath;  which  would  not  be  possibte  without  this  combination.  It  would  therefiit 
appear  that  the  principal  function  of  dunging  is  to  hinder  the  nncombincd  mordsst, 
diffused  in  the  dang  Imth,  from  attaching  itself  to  the  unmordanted  portion  of  the 
cloth,  as  already  observed ;  for  if  we  merely  wished  to  abstract  the  thickening  stafi,  or 
to  complete  by  the  removal  of  acetic  acid  the  combination  of  the  aluminous  base  with 
the  goods,  dung  would  not  be  required,  for  hot  water  wouhl  suffice.  In  fact,  we  msf 
observe,  that  in  such  cases  the  first  pieces  passed  through  the  boiler  are  fit  for  dyeing; 
but  when  a  certain  number  have  been  passed  through,  the  mordant  now  dissolved  in  the 
water  is  attracted  to  the  white  portions  of  the  cloth,  whQe  the 'free  add  impoverisha 
the  mordanted  parts,  so  that  they  cannot  afibrd  good  dyes,  and  the  blank  spaces  are 
tarnished. 

The  cowdung  may  be  in  some  measure  replaced  by  bran,  but  not  with  Ifpfect  suceesk 
The  former  both  answers  the  purpose  better  and  is  cheaper.  The  bran  is  preTcnei 
for  the  most  delicate  yellows,  for  cochineal  pinks  and  lilachs,  to  which  the  duag  may 
sometimes  impart  a  greenish  cast.  It  is  to  be  presumed  that  the  action  of  the  Ivan  is 
this  process  has  much  analogy  with  that  of  the  dung,  and  that  the  ligneous  fibre  ii  the 
most  active  constituent;  with  which  the  gluten  ana  mucilage  co-operate,  no  d«iht,iB 
seizing  the  aluminous  salts. 

It  seems  to  be  ascertained  that  the  mordant  applied  to  the  doth  does  not  eombiae  en- 
tirely with  it  during  the  drying ;  that  this  combination  is  more  or  less  perfect  aeeofdisg 
to  the  strength  of  the  mordants,  and  the  circumstances  of  the  drying ;  that  the  operatios 
of  dunging,  or  passing  through  hot  water,  completes  the  combination  of  the  doUi  will 
the  aluminous  base  now  insoluble  in  water;  that  this  base  may  sml  contain  a  very  mi- 
nute quantity  of  acetic  add  or  sulphate  of  alumina ;  that  a  long  ebullition  in  walcf 
impoverishes  the  mordant  but  a  little ;  and  that  even  then  the  liquid  does  not  contaia  any 
perceptible  quantity  of  acetate  or  subsulphate  of  alumina. 

The  manner  of  immersiag  the  goods,  or  passing  them  through-  the  dung  bath,  ii  si 
important  drcomstance.  They  should  be  properly  extended  and  fiee  from  ftlds»  wbUk 
is  secured  by  a  series  of  cylinders. 

The  cistern  is  from  10  to  12  feet  long,  4|  feet  wide,  and  6  or  8  feft  deep.  The 
Mce  passes  alternately  over  the  upper  rouers  and  under  rollers  near  the  botlOB. 
There  are  two  main  squeezing  rollers  at  one  end,  which  draw  the  doth  throogh  between, 
them.  Whenever  the  goods  come  out  of  the  bath  they  are  put  into  the  aash-whecl»> 
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nmenion  should  take  place  as  fast  as  possible,  for  the  moment  the  hot  water  pene- 
the  mordanted  cloth,  the  acetic  acid  quits  it ;  and,  therefore,  if  the  immersion  was 
slowly  or  one  ply  after  another,  the  acid  as  well  as  the  uncombined  mordant  beoome 
rould  spread  their  influence,  and  would  have  time  to  dissolve  the  aluminous  sub- 
low  combined  with  the  cloth ;  whence  inequalities  and  impoverishment  of  the  colors 
ensue. 

I  difficult  to  determine  the  number  of  pieces  which  may  be  passed  through  a  given 
ty  of  dung  and  water.  This  depends  upon  the  state  of  the  mordants,  whether 
re  strong  or  acid,  and  on  the  quantity  of  the  surface  covered  with  the  figures, 
umber  varies  usually  from  20  to  60  pieces,  for  from  240  to  300  gallons  of  water 
gallons  of  dung.  The  time  of  the  immersion  varies  with  the  concentration  of  the 
nts,  and  the  nature  of  their  thickening.  The  temperature  must  be  regulated  by 
me  circumstances ;  for  starch  or  flour  paste  a  much  warmer  bath  is  needed  than 
m.  The  heat  varies  usually  from  130^  to  212°  F.  When  the  printing  is  heavy 
le  thickening  is  starch  or  flour,  the  goods  are  usually  twice  dunged,  with  two  wash- 
letween  the  two  dungs.  A  strong  acid  mordant  is  more  difficult  to  dung  and  to 
than  a  neutral  mordant,  especially  when  it  is  to  receive  the  madder  dye.  Some- 
a  little  chalk  is  added  to  the  bath,  when  the  goods  have  been  padded  in  an  aei^ 
Dt.  Too  much  dung  is  injurious  to  weak  mordants,  as  well  as  to  pinks.  It  has 
leen  remarked  that  a  mordant  when  neutralized  does  not  produce  as  brilliant  tinti^ 
ally  yellows.  The  latter  arc  obtained  of  a  finer  shade  when,  instead  of  dunging, 
re  exposed  for  au  hour  in  a  stream  of  water,  provided  its  temperature  is  noC  too 
In  winter  they  are  passed  through  a^ightiy  chalky  water,  then  washed  at  the 
,  and  dyed  in  quercitron  or  weld. 

cry  able  and  learned  memoir  upon  this  subject,  by  M.  Penot,  Professor  of  Chem- 
appeared  in  the  Bulletin  of  the  Society  of  Mulhausen,  in  October,  1834,  with  an 
ous  commentary  upon  it,  under  the  title  of  a  Report  by  M.  Camille  Koechlin,  in 
^  1835. 

»erience  has  proved  that  dunging  is  one  of  the  most  important  steps  in  the  process 
ieo  printing,  and  that  if  it  be  not  well  performed  the  dyeing  is  good  for  nothing. 
(  we  can  assign  its  peculiar  function  to  the  dung  in  this  case,  we  must  know  its 
sition.  Fresh  cow's  dung  is  commonly  neutral  when  tested  by  litmus  paper;  but 
imes  it  is  slightly  alkaline,  owing,  probably,  to  some  peculiarity  in  the  food  of  the 
I. 

I  total  constituents  of  100  parts  of  cow  duni?  are  as  follows :  Water,  69*58 ;  bitter 
0*74 ;  sweet  substance,  0*93 ;  chlorophylle,  0*28 ;  albumine,  0*63  ;  muriate  of 
9-08;  sulphate  of  potash,  0*05 ;  sulphate  of  lime,  0*25 ;  carbonate  of  lime,  0*24; 
tiate  of  lime,  0*46;  carbonate  of  iron,  0  09;  woody  fibre,  26-39;  silica,  0*14; 
•14. 

longing  calicoes  the  excess  of  uncombined  mordant  is  in  part  attracted  by  the 
e  matters  of  the  cow's  dung,  and  forms  an  insoluble  precipitate,  which  has  no 
f  for  the  cloth,  especially  in  presence  of  the  insriluble  part  of  the  dung,  which 
ly  attracts  alumina.  The  most  important  part  which  that  insoluble  matter  plays, 
»eize  the  excess  of  the  mordants,  in  proportion  as  they  are  dissolved  by  the  water 
bath,  and  thus  to  render  their  reaction  upon  the  cloth  impossible.  It  is  only  in 
epositCi  therefore,  that  the  matters  carried  olf  from  the  cloth  by  the  dung  are  to 
ind. 

Camille  Kcechlin  ascribes  the  action  of  cow  dung  chiefly  to  its  albuminous  con- 
it,  combining  with  the  alumina  and  iron,  of  the  acetates  of  these  bases  dissolved 
!  hot  water  of  the  bath.  The  acids  consequently  set  fVee,  soon  become  evident  by 
St  of  litmus  paper,  after  a  few  pieces  are  passed  through,  and  require  to  be  got  rid 
ler  by  a  fresh  baih  or  by  adding  chalk  to  the  old  one.  The  dung  thus  serves  also 
the  bases  on  the  cloth,  when  used  in  moderation.  It  exercises  likewise  a  disoxyda- 
ower  on  the  iron  mordant,  and  restores  it  to  a  state  more  fit  to  combine  with  color- 
attcr. 

EING,  (Teinture,  Fr. ;  Fdrberei,  Germ.)  is  the  art  of  impregnating  wool,  silk, 
I,  linen,  hair,  and  skins,  with  colors  not  removable  by  washing,  or  the  ordinary 
to  which  these  fibrous  bodies  are  exposed  when  worked  up  into  articles  of  furniture 
iment.  I  shall  here  consider  the  general  principles  of  the  art,  referring  for  the 
mlar  dyes,  and  peculiar  treatment  of  the  stuflfs  to  be  dyed,  to  the  difierent  tinctorial 
anees  in  their  alphabetical  places ;  such  as  cochineal,  indigo,  madder,  &c. 
eing  is  altogether  a  chemical  process,  and  requires  for  its  due  explanation  and 
iee  an  acquaintance  with  the  properties  of  the  elemenUry  bodies,  and  the  lawi 
h  regulate  their  combinations.  It  is  true  that  many  operations  of  this,  as  of  other 
deal  arts,  have  been  practised  from  the  most  ancient  times,  long  before  any  jnit 
s  were  entertained  of  the  nature  of  the  changes  that  took  place.  Mankind,  equally 
t  rudest  and  most  refined  state,  have  always  sought  to  gratify  the  love  of  distinction 
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Iiy  btaming  their  dress,  sometimes  even  fheir  skfai*  with  gndf  eoion.  Mont  ifsikitf 
ndment  dyed  blue,  and  purple,  and  scarlet,  and  iMf  sheep  sfaiat  dyed  ted ;  ciramHtHMi 
which  indicate  no  small  degree  of  tinctorial  skill.  He  e^joini  puyle  stafi  Ar  the  wmk$ 
of  the  tabemade  and  the  vestments  of  the  high  priest. 

In  the  article  Cauco  PmiimNO,  t  have  shown  Ihm  Plinj  that  flie  weiert  SSgfpim 
enltiyated  that  art  with  some  degree  of  scientific  preeirion,  siace  thi^  kaew  the  Mtf 
mordants,  or  those  sabstances  which,  though  they  vmf  impart  wo  eolor  thrwmtiis,  j< 
enable  white  robes  (Candida  vtla)  to  absorb  coloring  drags  (colomi  .soitmrfani  bmSiP 
MmaUu).  Tyre,  however,  was  the  nation  of  aatSqnity  which  mnde  ijfimg  te  ddrf 
occupation  and  the  staple  of  its  commerce.  There  Is  Utile  donhC  tihat  pvple,  ttc  saenl 
symbol  of  royal  and  sacerdotal  dignity.  Was  a  ebkir  diseovered  in  thyat  ttd  Ihnii 
contribated  to  its  opulence  and  grandeur.  Homer  marhs  no  less  thevAe  lhaa  tte 
antiquity  of  this  dye,  by  describing  his  herqes  as  arrayed  In  parple  rabca.  Msple  halte 
are  mentioned  among  the'  presents  made  to  Gideon  'hy  die  Uraelitn  fltMn  ttcf  qnflt  «f  tte 
Ungs-of  Midiaa. 

Tlie  jaice  employed  for  communicating  this  dye  was  obtained  fraan  two  dffiBVHl 
kinds  of  theU-fish,  described  by  Pliny  nnder  the  names  of^paiyaiw  and  laalaam,  snl 
!^«as  extracted  ftbm  a  small  vessel,  or  sac,  in  their  Ihroats,  to  the  anMNOit  of  ealyM 
drop  from  each  alaimal.  A  darker  and  inferior  color  was  also  procured  hgr  rnishiag  tks 
whole  substance  of  the  buccinnm.  A  certain  quantity  of  the  jnice  collected  flnm  a  vart 
number  of  shells  being  treated  with  sea-salt  was  allowed  to  ripen  for  three  daya;  ste 
which  it  was  diluted  with  five  times  its  bulk  of  water,  kept  at  a  moderate  heal  firdt 
"days  more,  occasionally  skimmed  to  separate  the  animal  membraaes»  and  when  te 
clarified  was  applied  directly  as  a  dye  to  white  wool,  previously  prepared  Ihr'tlris  pvpM 
by  the  action  of  lime-water,  or  of  a  species  of  lichen  oUled  Ihcas.  Two  operations  wne 
requisite  to  communicate  the  finest  Tyrian  purple}  the  first  eonslstcd  In  pInagiBgtkc 
wool  into  the  juice  of  the  purpura :  the  second,  into  that  of  the  bnccinnm.  IV^mow 
of  wool  required  one  hundred  of  the  former  liquor,  and  two  hundred  of  the  latter.  Sow- 
times  a  preliminary  tint  was  given  with  coccus,  the  kermeo  of  the  pccoent  day,  ani  Ite 
cloth  received  merely  a  finish  from  the  precious  animal  juice.  Umb  eolon»  thoiqih  |nb> 
ably  not  nearly  so  brilliant  as  those  producible  by  our  oochiaeal,  seem  to  have  beea  very 
durable,  for  Plutarch  sayn,  in  his       of  Jkxamitr^  (chap.  36,)  that  the  Greeks  fimrf 
in  the  treasury  of  the  King  of  Persia  a  large  quantity  oif  purple  doth^  which  wis  ss 
beautiful  as  at  first,  though  it  was  190  years  old.* 

The  difficulty  of  collecting  the  purple  juice,  and  the  tedious  complication  of  the  dydog 
process,  made  the  purple  wool  of  Tyre  so  expensive  at  Rome,  that  in  the  time  of  Ad^ 
tus  a  pound  uf  it  cost  nearly  30/.  of  our  money .f  Notwithstanding  this  enormous  priee, 
such  was  the  wealth  accumulated  in  that  capital,  that  many  of  the  leading  citizens  deco- 
rated fhemselvcs  in  purple  attire,  till  the  emperors  arrogated  to  themselves  the  pririlcge 
of  wearing  purple,  and  prohibited  its  use  to  every  other  person.  This  prohibition  opos- 
ted  so  much  to  discourage  this  curious  art  as  eventually  to  oi^pasion  its  eictinction,  first  is 
the  western  and  then  in  the  eastern  empire,  where,  however,  it  existed  in  certain  iaiprrisl 
manufacturies  till  the  eleventh  century. 

Dyeing  was  little  cultivated  in  ancient  Greece;  the  people  of  Athens  wore  genenHy 
woollen (iresses  of  the  natural  color.  But  the  Romans  must  have  bestowed  some  psios 
upon  this  art.  In  the  games  of  the  circus  parties  were  distinguished  by  colors.  Foar  of 
these  are  described  by  Pliny,  the  green,  the  orange,  the  gray,  and  the  white.  The  tc/Bu9' 
ing  ingredients  were  used  by  their  dyers.  A  crude  native  alum  mixed  with  coppens, 
copperas  itself,  blue  vitriol,  alkanet,  lichen  rocellus,  or  archil,  broom,  madder,  woad,  BS^ 
galls,  the  seed  of  pomegranate,  and  of  an  Egyptian  acacia. 

Gage,  Cole,  Plumier,  Reaumur,  and  Duhamel  have  severally  made  researches  eoocem* 
ing  the  color  ins;  juices  of  shell-fish  caught  on  various  shores  of  the  ocean,  and  have  to^ 
ceeded  in  forming  a  purple  dye,  but  they  found  it  much  inferior  to  that  fhrnished  by  other 
means.  Xhe  juice  of  the  bnccinum  is  at  first  white ;  it  becomes  by  exposure  to  air  of  t 
yellowish  green  bordering  on  blue ;  it  ailerwards  reddens,  and  finally  changes  to  a  deep 
purple  of  considerable  vivacity.  These  circumstances  coincMe  with  the  minute  descrip- 
tion of  the  manner  of  catching  the  purple-dye  sheU-fish  which  we  possess  in  the  work  of 
an  eye-witness,  Eudocia  Macrembolitissa,  daughter  of  the  Emperor  Constantinc  YHI.) 
'who  lived  in  the  eleventh  century. 

The  moderns  have  obtained  from  the  New  World  several  dye-drags  anknown  to  tke 
ancients ;  such  as  cochineal,  quercitron,  Brazil  wood,  logwood,  annatto ;  and  Ihey  Jm^  I 

*  Anoac  other  thiiifft,  th«r«  wu  purpU  of  Hennioae  (?)  to  the  tmoaBt  of  ihniiSBil  tdatO-'  u 
CFlatarch's  LiToa,  trenvlated  bjr  Langhomo,  Wrmogfaam't  editinn,  voL     p;  MO.)  Bone*  MbbnM  tkt  1^ 

Laconian  djr«  in  the  followinf  lioet : —  IT 

Nen  Leemiieai  nihi  p 

Trahoat  honeata  pnnmna  dieat«.  U 

(Cam.  hli.  ii.,  Ode  18L)  I 

f  PUayaayithatapooBdof  thedoaUe-dippedl^tiaapoxplewaiMUiaBoMfiirahawM  I 
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diteoTered  the  art  of  asin?  indigo  «s  a  dye,  which  the  Romans  knew  only  as  a  pigmeit. 
Bai  the  Tast  superiority  of  our  dyes  over  those  of  former  times  must  be  ascribed  princi- 
pally to  the  employment  of  pure  alum  and  solution  of  tin  as  mordants,  either  alone  or 
mixed  with  other  bases ;  substances  which  give  to  our  common  dye-stuifs  remarkable 
depth,  durability,  and  lustre.  Another  improvement  in  dyeing  of  more  recent  date  is  the 
application  to  textile  substances  of  metallic  compounds,  such  as  Prussian  blue,  chrome 
yellow,  manganese  brown,  &c. 

Indigo,  the  innoxious  and  beautiful  product  of  an  interesting  tribe  of  tropical  plants, 
which  u  adapted  to  form  the  most  useful  and  substantial  of  all  dyes,  was  actually  denoun- 
ced as  a  dangerous  drug,  and  forbidden  to  be  used,  by  our  parliament  in  the  reign  of 
Queen  Elizal>eth.  An  act  was  passed  authorizing  searchers  to  burn  both  it  and  log-wood 
in  every  dye-hoase  where  they  could  be  found.  This  act  remained  in  full  force  till  the 
time  of  Charles  II. ;  that  is,  for  a  great  part  of  a  century.  A  foreigner  might  have  sap- 
posed  that  the  legislators  of  England  entertained  such  an  affection  for  their  native  woad, 
with  which  their  naked  sires  used  to  dye  their  skins  in  the  old  times,  that  they  would 
allow  no  outlandish  drug  to  come  in  competition  with  it.  A  most  instructive  book  might 
be  written  illustrative  of  the  evils  inflicted  upon  arts,  manuiactures,  and  commerce,  in 
eoosequence  of  the  ignorance  of  the  legislature.*  •  ,^ 

Colors  are  not,  properly  speaking,  material ;  they  are  impressions  which  we  receive 
from  the  rays  of  light  reflected,  in  a  decomposed  state,  by  the  surfaces  of  bodies.  It  is 
well  known  that  a  white  sunbeam  consists  of  an  indeterminate  number  of  diflferently  col- 
ored rays,  which  being  separated  by  the  refractive  force  of  a  glass  prism,  form  the  solar 
spectmm,  an  image  distinsruishable  into  seven  sorts  of  rays ;  the  red,  orange,  yellow, 
green,  blue,  indigo,  and  violet.  Hence,  when  an  opaque  body  appears  colored,  for  ex- 
ample, red,  we  say  that  it  reflects  the  red  rays  only,  or  in  greatest  abundance,  mixed  with 
more  or  less  of  the  white  beam,  which  has  escaped  decomposition.  According  to  this 
manner  of  viewing  the  coloring  principle,  the  art  of  dyeing  consists  in  fixing  upon  stuffs, 
by  means  of  corpuscular  attraction,  substances  which  act  upon  light  in  a  different  manner 
from  the  surfaces  of  the  stuffs  themselves.  The  dyer  ought,  therefore,  to  be  familiar  with 
two  principles  of  optics ;  the  first  relative  to  the  mixture  of  colors,  and  the  second  to  their 
simaltaneous  contrast. 

Whenever  the  different  colored  rays,  which  have  been  separated  by  the  prism,  are 
totally  reunited,  ihey  reproduce  white  light.  It  is  evident,  that  in  this  composition 
of  light,  if  some  rays  were  left  out,  or  if  the  colored  rays  be  not  in  a  certain  proportion, 
we  should  not  have  white  light,  but  light  of  a  certain  color.  For  example;  if  we 
separate  the  red  rays  from  the  light  decomposed  by  a  prism,  the  remaining  colored 
imys  will  form  by  their  combination  a  peculiar  bluish  green.  If  we  separate  in  like 
manner  the  orange  rays,  the  remaining  colored  rays  will  form  by  their  combination 
a  blue  color.  If  we  separate  from  the  decomposed  prismatic  light  the  rays  of  greenish 
yellow,  the  remaining  ct)lore<l  rays  will  form  a  violet.  And  if  we  separate  the  rays  of 
yellow  bordering  on  orange,  the  remaining  colored  rays  will  form  by  their  union  an  indigo 
color. 

Thus  we  see  that  every  colored  light  has  such  a  relation  with  another  colored  light 
that,  by  uniting  the  flrst  with  the  second,  we  reproduce  white  light ;  a  relation  which  we 
express  by  saying  that  the  one  is  the  complement  of  the  other.  In  this  sense,  red  is  the 
complementary  color  of  bluish  green ;  orange,  of  blue ;  greenish  yellow,  of  violet ;  and 
orange  yellow,  of  indigo.  If  we  mix  the  yellow  ray  with  the  red,  we  produce  orange; 
the  Wnc  ray  with  the  yellow,  we  produce  green ;  and  the  blue  with  the  red,  we  produce 
violet  or  indigo,  according  as  there  is  more  or  less  red  relatively  to  the  blue.  But  these 
tints  are  distinguishable  f^rom  the  orange,  green,  indigo,  and  violet  of  the  solar  spectrum, 
because  when  viewed  through  the  prism  they  are  reduced  to  their  elementary  compound 
colors. 

If  the  dyer  tries  to  realize  the  preceding  results  by  the  mixture  of  dyes,  he  will  succeed 
only  with  a  certain  number  of  them.  Thus,  with  red  and  yellow  he  can  make  orange ; 
with  blue  and  yellow,  green ;  with  blue  and  red,  indigo  or  violet.  Th^  facts,  the 
results  of  practice,  have  led  him  to  conclude  that  there  are  only  three  primitive  colors ; 
the  red,  yellow,  and  blue.  If  he  attempts  to  make  a  white,  by  applying  red,  yellow, 
tnd  blue  dyes  in  certain  quantities  to  a  white  stuff,  in  imitation  of  the  philosopher's  ex- 
periment on  the  synthesis  of  the  sunbeam,  far  from  succeeding,  he  will  deviate  still  further 
from  his  purpose,  since  the  stuff  will  by  these  dyes  become  so  dark  colored  as  to  appear 
Mack. 

The  fact  must  not,  however,  lead  us  to  suppose  that  in  every  case  where  red,  yellow, 
and  blue  are  applied  to  white  cloth,  black  is  produced.  In  reality,  when  a  little  ultra- 
marine, cobalt  blue,  Prussian  blue,  or  indigo,  is  applied  to  goods  with  the  view  of  giving 
them  the  best  possible  white,  if  only  a  certain  proportion  be  used,  the  goods  will  appear 
whiter  after  this  addition  than  before  it.  What  happens  in  this  case  7  The  violet  bine 
♦  Author,  in  Penny  Cyclopedia. 
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fbmiiy  witk  the  brown  yeOov of  tke  goods, a niitBrt  tcwUiif  to wUl^ cr  kMotail 
tkaii  the  yellow  of  the  goods  mhI  the  bloe  together  wcrei  Tot  the  one  raMO% aalt 
tore  of  Pmssien  blae  esd  eoehieeel  pink  has  been  of  kte  yeui  vsed  la  the  mhkiak%m 
4  the  sxnriAg  of  sflks,  in  prrfeieece  to  a  pare  hloef  far  oe  eiamiay  cfcweiy  thecaiwrf 
the  silk  10  be  aentraliied,  H  was  famd  \ir  the  relatfioM  of  the  nwiiplrn ■taiy  wtku^^ 
the  Tkilet  was  more  suitable  thaa  the  iw&go  Uae  AKmerty  wed.  The  dyer  ahoell  hM^ 
that  when  he  applies  sereral  different  eoloring  nattefs  to  staflik  as  jAw  ni  Ha^ir 
enmpley  If  they  appear  gre»,  it  Is  beeaose  the  eye  caaaot  distfagaHih  the  poBli  wiUk 
leAeet  the  yellow  firom  those  whieh  refleet  the  Ueei  aad  that,  nnaiiqeaelly,  il  kmig 
where  the  distiactioa  Is  not  possible,  that  a  mjxtare  or  eseihiaatiee  appaaie*  Whmwi 
enmine  eertain  gray  sabstaaees,  saeh  as  hairs,  Aatlier%  4e.»  with  the  Btomeen 
aee  that  the  gray  oiAor  resalts  llrom  Uadt  poiats  diwseiinstwd  ow  a  eolorieei  er 
eolored  sorihee.  la  reference  to  eompooad  eolos%  this  laatiuaieat  might  be  end  eifc 
advaatage  by  the  dyer. 

The  dyer  shooM  be  aeqnaiated  also  with  the  law  of  the  sfmahaeewe  leeteatf 
eohws.    When  the  eye  news  two  eokirs  dose  ahienide  of  each  ether,  it  aeas  An 
dijflfefiDg  most  in  their  optical  eompositioa,  and  fai  the  height  of  their  toac^  mhm  the  9m 
are  aot  eqaaHy  pale  or  rall4>odied.    They  appear  most  dilfcreet  as  to  their  eptiBBl«» 

Ktition,  when  the  eootplenentaiT  of  the  one  of  them  is  added  to  the  eolor  of  theetei 
as,  pat  a  green  aoae  akHigside  of  aa  Qnafgt  aoao}  the  red  eolor  coMkeaaeheytf 
green,  beiag  added  to  the  orange,  wHl  nalie  it  appear  redder;  aad  fas  like  ■aaBartk 
hlae^  eomplenentary  of  orange,  being  added  to  the  greea,  will  make  it  appear  eNnli^ 
tensdj  blae.  In  wder  to  appreeiate  these  difTereaeesy  lei  as  take  two  gteea  rtKpeimd 
two  oraage  stripes,  pkeiag  one  of  the  green  stripes  near  one  of  the  eraeges  tkm  fhM 
the  two  others  so  that  the  greea  stripe  may  be  at  a  dittaace  from  the  other  §mui  Jufk 
bat  on  the  same  side,  and  the  orange  at  a  distanee  ftom  the  other  orangey  alw  ee  m  ' 
•ame  side. 

As  to  the  eoatrast  la  the  height  of  the  toae,  we  may  satlsQr  oawdvea  by  taUag  ^ 
toaes  No.  1,  No.  2,  No.  15,  aad  No.  16,  ihxn  a  gradaated  pallet  of  reds  i  Or  enaiH 
by  placing  No.  2  and  No.  15  dose  aloagside,  patting  No.  1  at  a  diataaee  fiom  Ka  I 
on  the  same  side,  and  No.  16  at  a  distanee  from  No.  15  oa  the  same  side^  we  sM 
see  (if  the  pallet  is  soffidently  towered  in  tone)  No.  2  eqnal  to  No.  1,  and  110.  11 
eqoal  to  No.  16 ;  whence  it  foUows  that  No.  5L  by  the  Tieiaity  of  No.  15,  wHl  mmm 
to  hare  lost  some  of  its  edor ;  whfle  No.  15  will  appear  to  have  aeqolred  eAor.  Wm 
Uaek  or  gray  figares  are  printed  apon  eolored  gronnds,  these  fignres  are  of  the  eriw 
G0iDplementaj7  of  the  ground.  Consequently,  in  order  to  judge  of  thdr  color,  we  amt 
cut  out  spaces  in  a  piece  of  gray  or  white  paper,  so  as  to  allow  the  eye  to  see  aothisg 
but  the  figures ;  and  if  we  wish  lo  compare  figures  of  the  same  color,  applied  apm 
grounds  of  diiferent  colors,  we  can  judge  rightly  of  the  figares  only  by  insiUating  tihea 
from  the  grounds. 

The  relations  of  dyeing  with  the  principles  of  chemistry,  constitute  the  theory  ef  the 
properly  speaking;  this  theory  has  for  its  basis,  the  knowledge — 1.  of  the  species cf 
es  which  dyeing  processes  bring  into  contact ;  2.  of  the  circumstances  in  whieh  IhcK 
species  act ;  3.  of  the  phenomena  which  appear  during  their  action ;  and  4.  of  the  prop* 
erties  of  the  colored  combinations  which  are  produced.  These  geaeralities  may  be  speo* 
fied  under  the  ten  following  heads : — 

1.  The  preparation  of  the  stuflfs  to  be  dyed,  whether  fibres,  yam,  or  doth,*  aadcr 
the  heads  of  ligneous  matter,  cotton,  hemp,  flax ;  and  of  the  animal  matters,  ilk  aai 
wool. 

2.  The  mutual  action  of  these  stuffs,  nnd  simple  bodies. 

3.  The  mutual  action  of  these  stuffs,  and  acids. 

4.  The  mutual  action  of  these  stuffs,  and  salifiable  bases,  as  alumina,  Ate 
6.  The  mutual  action  of  these  stuffs,  and  salts. 

6.  The  mutual  action  of  these  stuffs,  and  neutral  compounds  not  saline. 

7.  The  mutual  action  of  these  stnfib,  and  of  one  or  more  definite  compoaads. 

8.  Of  dyed  stuffs  considered  in  reference  to  the  fastness  of  their  color,  under  tbft  ii> 
fiuence  of  heat,  light,  water,  oxygen,  air,  boilinp  with  soap,  and  reagents. 

9.  Of  dyeing,  considered  in  its  connexions  with  ehemlstiy. 

10.  Of  dyeing,  considered  in  its  relations  with  caloric,  mechanics,  hydraulies,  sii 
optics. 

1.  The  preparation  of  stuffi. 

The  operations  to  which  stuffs  are  subjected  before  dyeing,  are  iatended— 1.  lo  sepe- 
rate  from  them  any  foreign  matters;  2.  to  render  them  mere  npt  to  oaitewlth  the 
eoloring  tinctures  which  Uie  dyer  proposes  to  fix  upon  them,  in  order  to  gire  them  t 
more  agreeable,  or  more  brilliant  aspect,  or  to  lessen  their  tendency  to  sseeinf  a  soiki 
appearance  by  use,  which  white  surfaces  so  readily  do.  The  foreign  matters'are  ehher 
naturally  inherent  in  the  stufis,  or  added  to  them  in  the  spinning^  wearag^  or  otkr 
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nanipulation  of  mantifaetare.  The  ligneous  fibres  mast  be  freed  from  the  colored  aio- 
Used  Tariiish  on  their  surface,  from  a  yellow  coloring  matter  in  their  substance,  fVom 
aome  lime  and  iron,  from  chlorophylle  or  leaf-green,  and  from  pectic  acid;  all  natural 
combinations.  Some  of  these  principles  require  to  be  oxygenized  before  alkaline  leys 
can  cleanse  them,  as  I  have  stated  in  the  article  Blx aching,  which  may  be  consulted  in 
reference  to  this  subject.  See  also  Silk  and  Wool.  A  weak  bath  of  soda  has  the  prop- 
erty of  preparing  wool  for  taking  on  a  uniform  dye,  but  it  must  be  well  rinsed  and  aired 
before  being  put  into  the  dye-vat. 

2.  Mutual  action  of  stuffs  and  simple  bodies. 

Stu!f«  chemically  considered  being  composed  of  three  or  four  elements,  already  in  a 
state  of  reciprocal  saturation,  have  but  a  feeble  attraction  for  simple  substances.  Wc 
know  in  fact,  that  the  latter  combine  only  with  each  other,  or  with  binary  compounds^ 
and  that  in  the  greater  number  of  cases  where  they  exert  an  action  upon  more  complete 
eompounda,  it  is  by  disturbing  the  arrangement  of  their  elements,  and  not  by  a  resulting 
affinity  with  the  whole  together. 

3,  4.  Although  stuffs  may  in  a  general  point  of  view  be  considered  as  neutral  in 
relation  to  coloring  reagents,  yet  experience  shows  that  they  are  more  disposed  to  com- . 
bine  with  acid  than  with  alkaline  compounds ;  and  that  consequently  their  nature  seems 
Co  be  more  alkaline  than  acid.  By  steeping  dry  wool  or  other  stuff  in  a  clean  state  in 
an  alkaline  or  acid  solution  of  known  strength,  and  by  testing  the  liquor  after  the  stuff 
is  taken  out,  we  shall  ascertain  whether  there  be  any  real  affinity  between  them,  by  the 
■cklnCion  being  rendered  more  dilute  in  consequence  of  the  abstraction  of  alkaline  or  acid 
particles  from  it.  Wool  and  silk  thus  immersed,  abstract  a  portion  of  both  sulphuric  and 
mnriatic  acids;  but  cotton  and  flax  imbibe  the  water,  with  the  rejection  of  a  portion  of 
the  acid.  The  acid  may  be  again  taken  from  the  stuffs  by  washing  them  with  a  sufficient 
foantity  of  water. 

5.  The  affinity  between  saline  bodies  and  stuffs  may  be  ascertained  in  the  same  way 
as  that  of  acids,  by  plunging  the  dry  stuffs  into  solutions  of  the  salts,  and  determining 
Che  density  of  the  solution  before  the  immersion,  and  after  withdrawing  the  stuffs. 
Wool  abstracts  alum  from  its  solution,  but  it  gives  it  all  out  again  to  boiling  water. 
The  sniphates  of  protoxyde  of  iron,  of  copper,  and  zinc,  resemble  alum  in  this  respect. 
When  silk  is  steeped  for  some  time  in  solution  of  protosulphate  of  iron,  it  abstracts  the 
oxyd;,  gets  thereby  dyed,  and  leaves  the  solution  acidulous.  Wool  put  in  contact  with 
cream  of  tartar  decomposes  a  portion  of  it;  it  absorbs  the  acid  into  its  pores,  and  leaves 
a  neutral  salt  in  the  liquor.  The  study  of  the  action  of  salts  upon  stuffs  is  at  the  pres- 
eat  day  the  foundation  of  the  theory  of  dyeing ;  and  some  of  them  are  employed  imme- 
diately as  dye-drugs. 

6.  Mutual  action  of  stuffs,  and  neutral  compounds  not  saline. 

Several  sulphurets,  such  as  those  of  arsenic,  lead,  copper,  antimony,  tin,  are  suseepti- 
Ue  of  being  applied  to  stuffs,  and  of  dyeini?  them  in  a  more  or  less  fast  manner.  Indigo^ 
hematine,  breziline,  carmine,  and  the  peculiar  coloring  principles  of  many  dyes  belong 
to  this  division. 

7.  Mutual  action  of  goods  with  one  or  more  definite  compounds,  and  dye-stuffs. 

I  shall  consider  here  in  a  theoretical  point  of  view,  the  most  general  results  which 
a  certain  number  of  organic  coloring  matters  present,  when  applied  upon  stuffs  by  the 
dyer. 

Indigo,  This  dye-drug,  when  tolerably  good,  contains  half  its  weight  of  indigotine. 
The  cold  vat  is  prepared  commonly  with  water,  copperas,  indigo,  lime,  or  sometimes  car- 
bonate of  soda,  and  is  used  almost  exclusively  for  cotton  and  linen ;  immersion  in  acidu- 
lated water  is  occasionally  had  recourse  to  for  removing  a  little  oxyde  of  iron  which 
attaches  itself  to  the  cloth  dyed  in  this  vat. 

The  indigo  vat  for  wool  and  silk  is  mounted  exclusively  with  indigo,  good  potashes  of 
commerce,  madder,  and  bran.  In  this  vat,  the  immediate  principles  with  base  of  carbon 
and  hydrogen,  such  as  the  extracts  of  madder  and  bran,  perform  the  disoxydizfcig  func- 
tion of  the  copperas  in  the  cold  vat.  The  pastel  vats  require  most  skill  and  experience, 
in  consequence  of  their  complexity.  The  greatest  difficulty  occurs  in  keeping  them  in  a 
food  condition,  because  they  vary  progressively  as  the  dyeing  goes  on,  by  the  abstraction 
dT  the  indigotine,  and  the  modification  of  the  fermentable  matter  employed  to  disoxyge- 
stte  the  indigo.  The  alkaline  matter  also  changes  by  the  action  of  the  air.  By  the  suc- 
cessive additions  of  indigo,  alkali,  &c.,  this  vat  becomes  very  difficult  to  manage  with 
profit  and  success.  The  great  affair  of  the  dyer  is  the  proper  addition  of  lime;  too  much 
or  too  little  being  equally  injurious. 

Sdlphate  of  indigo  or  Saxon  blue  is  used  also  to  dye  silk  and  wool.  If  the  wools  be 
ill  sorted,  it  will  show  their  differences  by  the  inequalities  of  the  dye.  Wool  dyed  in  this 
batii  put  into  water  saturated  with  sulphureted  hydrogen,  becomes  soon  colorless,  owing 
to  the  disoxygenation  of  the  indigo.  The  woollen  cloth,  when  exposed  to  the  air  for  some 
time  resumes  its  blue  color,  but  not  so  intensely  as  before. 
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Hie  praperUet  of  hcaMtine  eiplftm  the  Bodo  «f  vrilw  logwMi.  Wha  Mdb  ai 
dyed  w  the  inf asioB  or  deeoeUon  of  Uiit  wood»  nder  the  niliieeee  of  •  hmm  mkUk  wM 
wptm  the  henmtme  ie  the  muieer  of  ea  alUL  ft  hliw  dyc^  hegJeriftg  mpam  Hak^  ii 
ohtained*  Saeh  it  the  procew  for  dyeuig  eottoe  eai  wool  a  logimd  htae  Iqr  mmm  tf 
wdigii%  ayttftHind  aectate  of  eopper,  aad  aeetftte  of  elonhHU 

When  ife  dye  a  ttuff  yelloir,  red,  or  orensey  we  havv  ahniyt  hrisht  tbHis  vilh  Uk 
we  may  haie  a  very  dark  ihade,  bat  fomewtet  vialeti  the  proper  IMc  on  Vm  «Mm 
only  hy  using  the  three  colors,  blue,  red,  and  yellow,  la  proper  pwipeitlnM.  Hew  m 
can  explain  how  the  tints  of  yellow,  red,  onuge^  blne^  greea,  and  TfaifeC,  Miif  1m  hnvHi 
hv  applyinf  to  them  one  or  two  eolors  whieh  along  with  themeeleee  woald  pndme 
hhek ;  and  also  we  may  explain  the  aatare  of  thnt  variety  of  Macks  and  giqft  wW 
•eeme  1U»  be  indeinite.  NnigaDs  and  nlphate  of  kon,  to  fivqaently  eipfciyed  Ar  At 
Unck  dye,  give  only  a  Tidlet  or  blaish  gray.  The  pyvoUgaito  of  iraa,  wUck  mmtm 
ft  hrowB  empyreomatie  matter,  givet  to  stnA  a  hrown  tiatp  bordering  apoa  graeriA 
yellow  in  the  pale  hues,  and  to  chestnut  brawn  la  the  dntfc  oftci.  9f  galling  eslHi 
and  silk,  and  giving  them  a  bath  of  pyroligftite  of  iiM»  we  nqr,  after  wnmm  allm»> 
lions,  oye  them  blacK.'  Galls,  higwood,  and  a  enk  of  inm,  prodaee  meiclf  •  rmf  ds^ 
violet  blnet  but  by  bofling  and  exposure  to  ab,  the  bematale  of  iron  in  ekaftgadi  boei» 
iag  red-brown,  and  iavon  the  prodoetion  of  hiaek.  Galls  and  suits  of  eop^tr  dye  skA 
aa  olive  drab,  kigwood  and  suits  of  copper,  a  violet  Unei  heaee  their  rowhi— tiM  MU 
pioduce  a  Muck.  In  using  sumach  as  a  substitute  Ibr  gulls,  we  ohonld  take  iaia  assnal 
the  proportkm  of  yeitow  matter  it  eontalns.  When  Oe  best  possihia  hImA  Im  wmiri 
apon  wool,  we  must  give  the  stuff  a  foundatfam  of  faidigo,  then  puss  It  iato  a  balk  if  hi' 
wood,  sumueh,  und  proto-solphate  of  iron.  The  tumaeh  amy  be  r^luced  ^  ome  IhM  « 
ke  weight  of  BUtgaOs. 

8.  Of  dyed  stufis  considered  in  reference  to  the  fhstness  of  their  eokn^  vkcs  upml 
to  water,  light,  heat,  air,  oxygen,  boilnig,  and  reagents. 

Pore  water  without  air  has  no  action  upon  any  property  dyed  sta£ 

Rent  iuvors  the  aelioa  of  certuin  oxygniicd  bodies  upon  the  eurhoaaceoos  aad  kfk^ 
geaoos  constituents  of  the  stuff}  us  is  seen  with  regurd  to  ehromie  acid,  aad  peimydB  cf 
manganese  upon  cotton  goods.  It  prouaotes  the  solveat  action  of  water,  aad  il  mm  sffssk 
some  colors.  Thus  Prussian  Uoe  applied  to  silk,  Is  redaced  to  peroacyde  of  iraa  by 
boiling. 

Light  without  contact  of  air  affects  very  Ibw  dyes. 

Oxygen,  especially  in  the  nascent  state^  is  very  powerful  upoa  dyes.   See  Bubacsim. 

The  atmosphere  in  a  somewhat  moist  state  affects  many  dyes,  at  an  elevated  tCB- 
perature.  Silk  dyed  pink,  with  safflower,  when  heated  to  400*  F.,  becomes  of  a  dirtj 
white  hue  in  the  course  of  an  hour.  The  violet  of  logwood  upon  alamed  wool  becones 
of  a  dull  brown  at  the  same  temperature  in  the  same  time.  But  both  stand  a  heat  of 
300^  F.  Brazil  red  dye,  turmeric,  and  weld  yellow  dyes,  display  the  same  phenomcBa. 
These  facu  show  the  great  fixity  of  colors  commonly  deemed  tender.  The  itsfi 
become  affected  to  a  certain  degree,  under  the  same  circumstances  as  the  dyes.  Tht 
alterability  even  of  indigo  in  the  air  is  shown  in  the  wearing  of  pale  blue  clothes ;  in 
the  dark  blue  cloth  there  is  such  a  body  of  color,  that  it  resists  proportionally  longer; 
but  the  seams  of  coats  exhibit  the  effect  very  distinctly.  In  silk  window  curtains,  ahidi 
have  been  long  exposed  to  the  air  and  light,  the  stuff  is  found  to  be  decomposed,  as  weO 
as  the  color. 

Boiling  was  formerly  prescribed  in  France  as  a  test  of  fast  dyes.  It  consisted  is 
putting  a  sample  of  the  dyed  goods  in  boiling  water,  hokling  in  solution  a  determissle 
quantity  of  alum,  tartar,  soap,  and  vinegar,  &.e.  Dufay  improved  that  barbarous  test 
He  considered  that  fast-dyed  doih  could  be  recognised  by  resisting  an  exposure  of  twdfc 
hours  to  the  sunshine  of  summer,  and  to  the  midnight  dews ;  or  of  sixteen  days  is 
whiter. 

In  trying  the  stability  of  dyes,  we  may  offer  the  following  rules : — 
That  every  stuff  should  be  exposed  to  the  light  and  air ;  if  it  be  intended  to  he  vsn 
abroad,  it  should  be  exposed  also  to  the  wind  and  rain ;  that  carpets,  moreover,  should  be 
subjected  to  friction  and  pulling,  to  prove  their  tenacity ;  and  that  cloths  to  be  washed 
should  be  exposed  to  the  action  of  hot  water  and  soap.  ' 
In  examining  a  piece  of  dyed  cotton  goods,  we  may  proceed  as  follows : — 
Suppose  its  color  to  be  orange-brown.   We  find  first  that  it  imparts  no  color  to  boil- 
ing water;  that  protochloride  of  tin  takes  out  its  cfdor;  that  plunged  into  a  Sfdatioa 
of  ferroprussiate  of  potash  it  becomes  blue ;  and  that  a  piece  of  it  being  burned,  Icares 
a  residuum  of  peroxyde  of  iron ;  we  may  thence  conclude  that  the  dyeing  amlter  is 
peroxyde  of  iron. 

Suppose  we  have  a  blue  stuff  which  may  have  been  dyed  either  with  indigo  or  wiAm 
Prussian  blue,  and  we  wish  to  know  what  it  will  become  in  use.  We  inquire  first  ist^^ 
the  nature  of  the  blue.   Hot  water  slightly  alkaline  will  be  cokwcd  blue  by  it,  i^ 
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it  has  been  dyed  with  sulphate  of  indigo ;  it  will  not  be  colored  if  it  was  dyed  in  the  indigo 
vat,  but  it  will  become  yellow  by  nitric  acid.  Boiling  water,  without  becoming  colored 
itself^  will  destroy  the  Prussian  blue  dye ;  an  alkaline  water  will  convert  its  color  into  an 
iron  rust  tint;  nitric  acid,  which  makes  the  indigo  dye  yellow,  makes  lhat  of  Prussian 
Uuc  green.  The  liquor  resulting  from  boiling  alkaline  water  on  the  Prussian  blue  cloth, 
will  convert  sulphate  of  iron  into  Prussian  blue. 

9.  Difision.   Of  dyeing  viewed  in  its  relation  to  chemistry. 

The  phenomena  of  dyeing  have  been  ascribed  to  very  different  causes ;  by  some  they 
were  supposed  to  depend  upon  mechanical  causes,  and  by  others  upon  the  forces  from 
which  chemical  effects  flow.  Hellot,  in  conformity  with  the  first  mode  of  explanation, 
thought  that  the  art  of  dyeiog  consisted  essentially  in  opening  the  pores  in  order  to  admit 
coloring  matters  into  them,  and  to  fix  them  there  by  cooling,  or  by  means  of  a  mordant 
imagined  to  act  like  a  cement. 

Dufay  in  1737,  Bergmann  in  1776,  Macquer  in  1778,  and  Berthollet  in  1790,  had  re- 
course to  chemical  affinities,  to  explain  the  fixation  of  the  coloring  principles  upon  stuffs, 
either  without  an  intermedium,  like  indigo,  wdnut  peels,  annotto ;  or  by  the  interven- 
tion of  an  acid,  a  salifiable  base,  or  a  salt,  which  were  called  mordants.  When  bodies 
present  phenomena  which  we  refer  to  an  attraction  uniting  particles  of  the  same 
nature,  whether  simple  or  compound,  to  form  an  aggregate,  or  to  an  afiinity  which 
unites  the  particles  of  different  natures  to  form  them  into  a  chemical  compound,  these 
bodies  are  in  apparent  contact.  This  happens  precisely  in  all  the  cases  of  the  mutual 
action  of  bodies  in  an  operation  of  dyeing ;  if  their  particles  were  not  in  apparent  con- 
tact, there  would  be  absolutely  no  change  in  their  respective  condition.  When  we  see 
staffs  and  metallic  oxydes  in  apparent  contact,  form  a  mutual  union  of  greater  or  less 
force,  we  cannot  therefore  help  referring  it  to  affinity.  We  do  not  know  hcKV  many 
dyes  may  be  fixed  upon  the  same  piece  of  cloth ;  but  in  the  operations  of  the  dye-house 
sufficiently  complex  compounds  are  formed,  since  they  are  always  stuffs,  composed  of 
three  or  four  elements,  which  are  combined  with  at  least  binary  acid  or  basic  com- 
pounds ;  with  simple  salts  compounded  themselves  of  two  immediate  principles  at  least 
binary ;  with  double  salts  composed  of  two  simple  salts ;  and  finally  with  organic  dye- 
stofis  containing  three  or  four  elements.  We  may  add  that  different  species  belonging 
to  one  of  these  classes,  and  different  species  belonging  to  different  classes,  may  unite 
simultaneously  with  one  stuff.  The  union  of  stuffs  with  coloring  matters  appears,  in 
general,  not  to  take  place  in  definite  proportions;  though  there  are  probably  some 
exceptions. 

We  may  conclude  this  head  by  remarking,  that,  besides  the  stuff  and  the  coloring 
matter,  it  is  not  necessary,  in  dyeing,  to  distinguish  a  third  body,  under  the  name  of  mor- 
dant ;  for  the  idea  of  mordant  does  not  rest  upon  any  definite  fact ;  the  body  to  which 
this  name  has  been  given  being  essentially  only  one  of  the  immediate  principles  of  the 
colored  combination  which  we  wish  to  fix  upon  the  stuff. 

10.  Division.  Of  dyeing  in  its  relation  with  caloric,  mechanics,  hydraulics,  pneumatics, 
mad  optics. 

Dyeing  baths,  or  coppers,  are  heated  directly  by  a  furnace,  or  by  means  of  steam  con- 
docted  in  a  pipe  from  a  boiler  at  a  certain  distance  from  the  bath.  In  the  first  case,  the 
▼essels  are  almost  always  made  of  copper ;  only,  in  special  cases,  for  the  scarlet  and  some 
delicate  silk  dyes,  of  tin ;  in  the  second  case,  they  arc  of  copper,  iron,  or  wood.  A  direct 
fire  is  more  economical  than  heating  steam  pipes,  where  there  is  only  one  or  two  baths  to 
heat,  or  where  the  labors  are  often  suspended.  Madder  and  indigo  vats,  when  heated  by 
iteam,  have  it  either  admitted  directly  into  the  liquor,  or  made  to  circulate  through  pipes 
plunged  into  it,  or  between  the  copper  and  an  exterior  iron  or  wood  case.  See  the  end 
of  this  article. 

Everything  else  being  equal,  dyeing  with  heat  presents  fewer  difficulties  towards  obtain- 
ing an  evenly  color,  than  dyeing  in  the  cold ;  the  reason  of  which  may  be  found  in  the 
fijUowin?  facts  : — The  air  adhering  to  the  surface  of  stuffs,  and  that  interposed  between 
the  fibres  of  their  constituent  yarns,  is  more  easily  extricated  in  a  hot  baih  than  a  cold 
one,  and  thus  allows  the  dye  liquor  to  penetrate  more  easily  into  their  interior :  in  the 
aeeond  place,  the  currents  which  take  place  in  a  hot  bath,  and  which  tend  incessantly  to 
Tender  its  contents  uniform,  by  renewing  continually  the  strata  of  liquid  in  contact  with 
the  stuff,  contribute  mainly  to  render  the  dyeing  evenly.  In  cold  dyeing,  it  is  necessarj'' 
to  stir  up  the  bath  from  time  to  time  :  and  when  goods  are  first  put  in,  they  must  be  care- 
fully dipped,  then  taken  out,  pressed,  and  wrung,  several  times  in  succession  till  they  be 
nnifonnly  moistened. 

The  mechanical  relations  are  to  be  found  in  the  apparatus  employed  for  wincing, 
Mngy  and  pressing  the  goods,  as  we  have  described  under  Calico  Printing  and 
Bandana.  The  hydraulic  relations  refer  to  the  wash-wheels  and  other  similar  ap- 
parttnsi  of  which  an  account  is  given  under  the  same  articles.    The  optical  relations 
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The  extnett  of  •olntkmA  of  native  dye-tf  oils  may  be  dmM  into  two  dhMM,  fa  nAV' 
enee  to  their  hahUndeii  with  the  oxygea  of  the  atmotphere  i  aaeh  at  eoatiBM  emtalUts 
unaltered  in  the  air,  and  aneh  as  toner  ofydation,  and  ^thcrebjr  preeipilate  a  deleniiMli 
coloring  matter.  The  dyet  contained  in  the  watery  infinlou  of  the  dUfawit  wgftaMi 
and  animal  sobttances  which  do  not  bekwg  to  the  aeeood  daai,  an  tbMf  atlaMi  to 
their  lolTents,  and  qnit  them  readily  fbr  any  other  bodies  that  yoaiui  u  attwrtfai  fv 
them.  On  this  principle,  a  decoction  of  cochinea],  logwood,  faraifl  wood,  or  a  ablalfai 
of  sulphate  of  indiso,  by  digestion  with  powdered  bosw  Uadi,  lose  their  eobr,  hi  esw 
qvence  of  the  coloring  partkles  combining  by  a  Und  of  capillaiy  attraction  wtt  He 
porons  carbon,  withont  nndergoing  any  change.  The  sane  Aing  happens  when  wcl* 
sconred  wool  is  steeped  in  snch  colored  liqnidb ;  and  the  color  which  the  wool  asBsma 
by  its  attraction  for  the  dye,  is,  with  regard  to  most  of  the  above  colored  soi«tioB%  tal 
feeble  and  fogitive,  since  the  dye  may  be  again  abstracted  by  eopioos  washing  with  stepk 
water,  whose  attractive  force  therefore  overcomes  that  of  the  wooL  The  aid  of  a  Ikl 
temperatore,  indeed,  is  requisite  for  the  abstraction  of  the  color  ftom  the  wool  and  m 
bone-black,  probably  by  enlarging  the  sine  of  the  poiesy  and  increasing  the  solvcBt  pow 
of  the  water. 

Those  dye4iaths,  on  the  contrary,  whose  coloring  matter  Is  of  the  natore  of  eitiadlw 
or  apoth^ine,  form  a  faster  combination  with  stnfis.  Thus  the  ydlow,  fewn,  aiii  biovi 
dyes,  which  contain  tannin  and  extractive,  become  ooiygenated  by  contact  of  air,  aai  fa> 
solable  in  water;  by  which  means  they  can  impart  a  dorabledye.  When  wool  is  lmpRf> 
nated  with  decoctions  of  that  kind,  its  pores  get  charged  by  capillarity,  and  whea  the  Ikfti 
becomes*oxygenated,  they  remain  filled  with  a  color  now  become  insohible  in  waler.  A 
similar  change  to  iosolnbility  ensues  when  the  yellow  Uqoor  of  the  indigo  vat  geta«K|diBei 
in  the  pores  of  cotton  and  wool,  into  which  it  had  been  introdaced  in  a  ilaU  state.  The 
same  change  occurs  when  protosulphate  of  iron  is  converted  into  persolphate,  with  the 
deposition  of  an  insoUible  peroxyde  in  the  substance  of  the  stnC  The  diange  hot 
enected  by  oxydation  can,  in  other  circumstances,  be  prodnced  by  aads  which  have  the 
power  of  precipitating  the  dye-stnff  in  an  insolnble  state,  as  happens  with  decoction  of 
nutic 

Hence  we  perceive  that  the  dyeing  of  fest  colors  rests  upon  the  ptindple^  that  the 
colon  dissolved  in  the  vat,  during  their  union  with  the  stuff,  should  suffer  sa^  a  chaage 
as  to  become  iosoluble  in  their  former  menstruum.  The  more  this  dye,  as  altered  m  n 
union  with  the  stuff,  can  resist  other  menstrua  or  agents,  the  faster  it  will  be.  This  it 
the  essential  difference  between  dyeing  and '  painting ;  or  applying  a  coat  of  pigment  de- 
void of  any  true  affinity  for  the  surface. 

If  we  mix  a  clear  infusion  of  a  dje.  with  a  small  quantity  of  a  solution  of  an  earthy 
or  metallic  salt,  both  in  water,  the  limpid  liquids  soon  become  tnrbid,  and  there  grad- 
ually subsides  sooner  or  later,  according  to  the  nature  of  the  mixture,  a  eoSored 
precipitate,  consisting  of  the  altered  dye  united  with  a  basic  or  subsalt.  In  this  eoai- 
pound  the  coloring  matter  seems  to  act  the  part  of  an  acid,  which  is  saturated  by  s 
small  quantity  of  the  basis,  or  in  its  acid  relationship  is  feeble,  so  that  it  can  also 
combine  with  acids,  being  in  reference  to  them  a  base.  The  defompositk>n  of  a  sslt,  ss 
alum,  by  dyes,  is  effected  principally  through  the  formation  of  an  insoluble  subnlt, 
with  which  the  color  combines,  while  a  supersalt  remains  in  the  bath,  and  modifies,  by 
its  solvent  reaction,  the  shade  of  the  dyed  stuff.  Dyed  stufib  may  be  cooAidered  at 
composed  of  the  fibrous  body  intimately  associated  with  the  coloring  matter,  the  oxydc^ 
and  acid,  all  three  constituting  a  compound  salt.  Many  persons  have  erroneously 
imagined,  that  dyed  goods  contained  none  of  the  acid  employed  in  the  dye  bath ;  btt 
they  forget  that  even  potash  added  to  alum  does  not  throw  down  the  pure  earthy  bssii) 
but  a  subsalt;  and  they  should  not  ascribe  to  coloring  matter  a  power  of  decompoiitioa 
at  all  approaching  to  that  of  an  alkali.  Salts,  containing  strong  acids,  saturate  a  very 
large  quantity  of  coloring  matter,  in  proportion  to  their  place  in  the  scale  of  chenucs] 
equivalents.  Mere  bases,  such  as  pure  alumina,  and  pure  oxyde  of  tin,  have  no  power 
of  precipitating  coloring  matter ;  when  they  seem  to  do  so,  they  always  contain  some 
acid. 

Such  salts,  therefore,  as  have  a  tendency  to  pass  readily  into  the  basic  state,  are  peea- 
liarly  adapted  to  act  as  mordants  in  dyeing,  and  to  form  colored  lakes.  Magnesia  allbfdi 
as  fine  a  while  powder  as  alumina,  and  answers  equally  well  to  dilute  lakes,  but  its 
soluble  salts  cannot  be  employed  to  form  lakes,  because  they  do  not  pass  into  tiie  bane 
state.  This  illustration  b  calculated  to  throw  much  light  upon  d]reing  prc»eenei  is 
general. 

The  color  of,  the  lake  depends  very  much  upon  the  nature  of  the  ae»d,  and  the 
basis  of  the  precipitating  salt.  If  it  be  white,  like  alumina  and  t>xyde  of  tin,  the  hd» 
will  have,  more  or  less,  the  color  of  the  dye,  but  brightened  by  the  rcAcetioa  of  while 
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ight  from  the  basis ;  while  the  difference  of  the  acid  occasions  a  difference  in  the  hae. 
The  colored  bases  impart  more  or  less  of  their  color  to  the  lakes,  not  merely  in  Tirtue  of 
heir  own  tints,  bat  of  their  chemical  action  upon  the  dye. 

Upon  these  principles  a  crimson  precipitate  is  obtained  from  infusions  of  cochineal  bj 
ihun  and  salt  of  tin,  which  becomes  scarlet  by  the  addition  of  tartar ;  by  acetate  of 
eady  a  Tiolet  blue  precipitate  is  obtained,  which  is  durable  in  the  air ;  by  muriate  of 
ime,  a  pink  brown  precipitate  falls,  which  soon  becomes  black,  and  at  last. dirty  green; 
37  the  solution  of  a  ferruginous  salt,  the  precipitates  are  dark  violet  and  black ;  and, 
a  like  manner,  all  other  salts  with  earthy  or  metallic  bases,  afford  diversities  of  shade 
irith  cochineal.  If  this  dye  stuff  be  dissolved  in  weak  water  of  ammonia,  and  be  pre- 
apitated  with  acetate  of  lead,  a  green  lake  is  obtained,  which,  aAer  some  time,  will 
Miome  green  on  the  surface  by  contact  of  air,  but  violet  and  blue  beneath.  Hence  it 
ippears,  that  the  shade  of  color  of  a  lake  depends  upon  the  degree  of  oxydation  or 
diange  of  the  color  caused  by  the  acid  of  the  precipitating  salt,  upon  the  degree  of  oxy- 
lation  or  color  of  the  oxyde  which  enters  into  union  with  the  dye,  and  upon  its  quantity 
a  reference  to  that  of  the  coloring  principle. 

Such  lakes  are  the  difficultly  soluble  salts  which  constitute  the  dyeing  materials  of 
ttnffs.  Their  particles,  however,  for  the  purposes  of  dyeing,  must  exist  in  a  state  of 
sztremely  fine  division  in  the  bath  liquor,  in  order  that  they  may  penetrate  along  with  it 
Ato  the  minute  pores  of  textile  fibres,  and  fill  the  cavities  observed  by  means  of  the 
nicroscope  in  the  filaments  of  wool,  silk,  cotton,  and  flax.  I  have  examined  these  stuffs 
irith  an  achromatic  microscope,  and  find  that  when  they  are  properly  dyed  with  fast  col- 
Mv,  the  interior  of  their  tubular  texture  is  filled,  or  lined  at  least,  with  coloring  matter. 
When  the  bath  contains  the  coloring  particles,  so  finely  divided  that  they  can  pass 
Jirough  filtering  paper,  it  is  capable  of  dyeing;  but  if  the  infusion  mixed  with  its  mor- 
lant  be  flocculent  and  ready  to  subside,  it  is  unfit  for  the  purpose.  In  the  latter  case, 
iie  ingredients  of  the  dye  have  already  become  aggregated  into  compounds  too  coherent 
ind  too  gross  for  entering  into  combination  with  fibrous  stuffs.  Extractive  matter  and 
juinin  are  particularly  liable  to  a  change  of  this  kind,  by  the  prolonnred  action  of  heat  in 
:he  bath.  Hence,  also,  an  alkaline  solution  of  a  coloring  matter  affords  no  useful  dye 
Mth,  when  mixed  with  the  solution  of  a  salt  having  an  earthy  or  metallic  basis. 

These  circumstances,  which  are  of  frequent  occurrence  in  the  dye-house,  render  it 
lecessary  always  to  have  the  laky  matter  in  a  somewhat  soluble  condition,  and  to  effect 
,ts  precipitation  within  the  pores  of  the  stuffs,  by  previously  impregnating  them  with  the 
laline  solutions  by  the  aid  of  heat,  which  facilitates  their  introduction. 

When  a  mordant  is  applied  to  any  stuff,  the  portion  of  it  remaining  upon  the  surfaoe 
]f  the  fibres  should  be  removed ;  since,  by  its  combination  with  the  coloring  matter,  it 
irould  be  apt  to  form  an  external  crust  of  mere  pigment,  which  would  block  up  the 
pores,  obstruct  the  entrance  of  the  dye  into  the  interior,  and  also  exhaust  to  no  purpose 
the  dyeing  power  of  the  bath.  For  this  reason  the  stuffs,  after  the  application  of  the 
mordant,  are  drained,  squeezed,  washed,  and  sometimes  (particularly  with  cotton  and 
linen,  in  calico  printing)  even  hard  dried  in  a  hot  stove. 

The  saline  monlants,  moreover,  should  not  in  general  possess  the  crystallizing  property 
in  any  considerable  degree,  as  this  opposes  their  afllnity  of  composition  for  the  cloth.  On 
Ibis  account  the  deliquescent  acetates  of  iron  and  alumina  are  more  ready  to  aid  the 
iyeing  of  cotton  than  copperas  and  alum. 

Alum  is  the  great  mordant  employed  in  wool  dyeing.  It  is  frequently  dissolved  in 
water,  holdini? tartar  equal  to  one  fourth  the  weight  of  the  alum  in  solution;  by  which 
iddition  its  tendency  to  crystallize  is  diminished,  and  the  resulting  color  is  brightened. 
The  alum  and  tartar  combine  with  the  stuff  without  suffering  any  change,  and  are 
decomposed  only  by  the  action  of  the  coloring  matters  in  the  dye  bath.  The  alum  ope- 
rates solely  in  virtue  of  its  sulphuric  acid  and  earthy  basis;  the  sulphate  of  potash  pres- 
nt  in  that  salt  being  rather  injurious.  Hence,  if  a  sulphate  of  alumina  free  from  iron 
eoQld  be  readily  obtained,  it  would  prove  a  preferable  mordant  to  alum.  It  is  also  prob- 
ible,  for  the  reasons  above  assigned,  that  soda  alum,  a  salt  much  less  apt  to  crystallize 
than  potash  or  ammonia  alum,  would  suit  the  dyer  very  well.  In  order  to  counteract  the 
tendency  of  common  alum  to  crystallize,  and  to  promote  its  tendency  to  pass  into  a  basic 
lalt,  one  eighth  part  of  its  weight  of  potash  is  added  to  ita  solution,  or  the  equivalent  in 
chalk  or  soda. 

We  shall  conclude  this  account  of  the  general  principles  of  dyeing,  with  Mr.  Delaval's 
>baervmtions  on  the  nature  of  dyes,  and  a  list  of  the  different  substances  used  in  dyeing, 
Ji  reference  to  the  colors  produced  by  them. 

Sir  Isaac  Newton  supposed  colored  matters  to  reflect  the  rays  of  light ;  some  bodies 
"eftecting  the  more,  otheis  the  le^,  refrangible  rays  most  copiously ;  and  this  he  conceived 
to  be  the  true,  and  the  only  reason  of  their  colors.  Mr.  Delaval,  however,  proved,  in 
the  2d  vol.  of  the  "  Memoirs  of  the  Philosophical  and  Literary  Society  of  Manchester,** 
that,  « in  transparent  colored  substances,  the  coloring  substance  does  not  reflect  any 


light;  iBd  IhAt  whait,  hy  mtcreeptiDg  tht  light  wUeh  wm  tni— nitfwi,  it  k halmi 
fiom  puting  throagh  snbtUmcety  they  do  not  wj  fkom  thife  ham  color  to  aay  olhv 
colory  but  beconie  entirely  Uock ud  he  inttueet  a  eoMlAcnhle  »ttihv  of  coloMi 
Utnon,  Aone  of  then  endued  wilh  reflectiTe  powcn,  whi^  whoi  wca  hy  MMiwinri 
lighty  appeared  teYereHy  in  their  true  eolon;  hot  all  of  thon^  whe»  aeea  faf  iiriit 
l%ht,  appeeied  black;  which  it  alM>  the  eMe  of  black  cheRk%  black  cwrraHti^  blvk 
henriety  Ibc.,  the  jaicet  of  which  appeared  red  when  ipreiid  on  a  white  ffroui^  er  olh» 
wiie  viewed  by  trannutied  ioftead  of  ineideat  light;  aad  he  waiclwiai.  tbat  blmfM 
liaen,  &c.,  wheu  dyed  or  pointed  with  Tcgetahle  eolorty  do  not  difler  m  their  bmmi 
of  actiag  oa  the  rays  of  light,  from  natnnl  vegetable  bodice;  both  yiddhig  their  tdm 
hg  tranunitting  throagh  the  traacparent  colored  matter  the  l%fat  whieh  k  nfleded  ftm 
lie  while  pound it  bekig  apparent,  ftom  different  ezperimente,  that  mo  wdkAi 
power  rceidee  in  any  of  their  compoaeati,  eieept  in  their  white  matter  oaly,"  and  tlac 
^tianeparent  ookved  inbctaaeet,  placed  in  sitaatkms  by  whi^  tmaaniMina  of  Mglt 
thnrngh  them  is  intercepted,  exhibit  no  color,  hot  beeomt  eatirriy  black.** 

The  art  of  dyeing,  therefore,  (according  to  Mr.  Dekval,)  '^eoasiBts  ptineipaUy  k  eae» 
iig  white  substances,  ftom  which  light  k  BinNigly  rellecied,  with  traaeparait  coM 
media,  which,  accordmg  to  their  seroal  cokrs,  transmit  mote  or  less  copwely  thengfi 
ifflected  from  the  white,*'  since  the  transparent  medk  themselTes  reflect  mo  light;  ni 
it  is  evident  that  if  they  yieUcd  their  cokrs  by  reiecting,  instead  of  tiaae«inwg*i 
rays,  the  whiteness  or  color  of  the  gnmnd  on  which  they  are  applied^  woold  mi  k  ssg^ 
wiie  alter  or  affect  the  colors  which  they  exhibit." 

Bat  when  any  opaque  basis  is  mterposed,  the  rcAeetkm  k  donbtless  made  bf  Ht  iMkr 
than  by  the  substance  of  the  dyed  wool,  sift,  Ite.,  and  more  espeeiaBy  whea  tmik  bmh 
coBsists  of  the  white  earth  of  alum,  or  the  white  oxyde  of  tin ;  whieh,  by  their  sumf 
reflective  powers,  greatly  augment  the  lostre  of  cokfs.  There  are,  bomm%  wm 
opaque  odurii^  matters,  partkukrly  the  aeetoos,  and  other  solntioaa  of  iroa^  assl  to 
stak  liacD,  cotton,  &c.,  which  most  necessarily  themselves  reflect,  instead  of  traama^ 
tiag  the  light  by  which  their  colors  are  made  perceptible. 

The  coopooDd  or  mixed  cokns,  are  saeh  as  result  Dram  the  combiaatina  of  two  difio^ 
ently  colored  dye  staffs,  or  fhwi  dyeing  staA  with  one  color,  and  thea  with  umAts, 
The  simple  colors  of  the  dyer  are  red,  yellow,  Uoc^  and  black,  with  whidi,  whea 
fldly  blended,  be  can  prodoce  every  variety  of  tmL  Perhaps  the  dnn  or  kwa  color 
algbt  be  midcd  to  the  above,  as  it  is  directly  obtained  from  a  great  many  vcgetabk  sob* 
stances. 

1.  Red  wilh  yellow,  produces  orange ;  a  color  which,  upon  wool,  is  given  nsually  with 
the  spent  scarlet  bath.  To  this  shade  may  be  referred  flame  color,  pomegranate,  capo- 
chin,  prawn,  jonquil,  cassis,  chamois,  ca/e  au  laitj  aurora,  marigold,  orange  peel,  nor- 
dorisy  cinnamon,  giild,  &c.  Snuff,  chestnut,  musk,  and  other  shades  are  produced  hf 
substituting  walnut  peels  or  sumach  for  bright  yellow.  If  a  little  blue  be  added  to  cnraage, 
an  olive  is  obtained.  The  only  direct  orange  dyes  are  annotto,  and  subchromate  of  lead; 
see  Silk  and  Wool  Dyeing. 

2.  Red  with  blue  produces  purple,  violet,  lilach,  pigeon's  neck,  mallow,  peaeh-bloesoiB, 
hltu  de  rot,  lint-blossom,  amaranth. 

3.  Red  with  black ;  brown,  chocolate,  marone,  dtc 

4.  Yellow  with  blue ;  green  of  a  great  variety  of  shades,  such  as  nascent  green,  gsy 
green,  grass  green,  spring  green,  laurel  green,  sea  green,  celadon  green,  parrot  greeo, 
cabbage  green,  apple  green,  dock  green. 

5.  Mixtures  of  colors,  three  and  three,  and  four  and  four,  produce  an  indefinite  diver- 
sity of  tints;  thus  red,  yellow,  and  blue,  form  brown  olives,  and  greenish  grays;  it 
which  the  blue  dye  ought  always  to  be  first  given,  lest  the  indigo  vat  should  be  soiled  hf 
other  colors.  Red,  yellow,  and  gray,  (which  is  a  gradation  of  bkck,)  ^ve  the  doid-lesf 
tmt,  as  well  as  dark  orange,  snuff  color,  fcc.  Red,  blue,  and  gray,  give  a  vast  varictf 
of  shades ;  as  lead  gray,  slate  gray,  wood-pigeon  gray,  and  other  ccdins,  too  nnmeroos  to 
specify.   See  Brown  Dye. 

The  following  list  of  dyes,  and  the  coloring  substances  which  prodoce  them,  may  profe 
useful. 

Red,  Cochineal,  kermes,  lac,  madder,  archil,  carthamns  or  safllower,  faiaxfl  woo^ 
logwood,  periodide  of  mercury,  alkanet. 

Ydlow.  Quercitron,  weld,  fustic,  (yellow  wood,)  annotto,  sawwort,  dyer*s  broom,  tir- 
meric,  fustet,  (rhus  cotinus,)  Persian  and  Avignon  berries,  (rhmmmu  tn/tc/ortas,)  wflbiVf 
peroxyde  of  iron ;  chromate  of  lead,  (chrome  yellow,)  solpharet  of  araeaic,  hydnii)- 
phuret  of  antimony ;  nitric  acid  on  silk. 

Blue.  Indigo,  woad  or  pastel,  Prussian  Uae,  tnmsok  or  litmnis,  logwood  with  auk 
of  copper. 
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Galls,  snmaeh,  logwood,  walnat  peels,  and  other  vegetables  which  eoDtain 
I  gallic  acid,  along  with  femiginoos  mordants.   The  anaeardium  of  India. 

These  are  produced  by  the  blue  and  yellow  dyes  skQfnlly  combined ;  with  the 
of  the  chrome  green,  and  perhaps  the  copper  green  of  Schweinfnrt. 
.   Annotto,  and  mixtures  of  red  and  yellow  dyes ;  subchromate  of  lead. 

See  the  remarks  at  the  beginning  of  this  article ;  Brown  in  its  alphabetical 
iLico  Printing,  Catechu,  and  Manganese. 

Dun,  or  Root.  Walnut  peels,,  sumach,  birch-tree,  henna,  sandal  wood.  See 
rinting,  for  a  great  variety  of  these  dyes. 

64  and  365  represent  in  a  cross  and  longitudinal  section  the  automatic  dyeing 
per,  so  generally  employed  in  the  well-appointed  factories  of  Lancashire. 

A  is  the  long  reel,  composed  at  each  end  of  six 
radial  iron  arms  or  spokes,  bonnd  at  their  outer  ex- 
tremities with  a  six  sid^  wooden  frame ;  these  two 
terminal  hexagons  are  connected  by  long  wooden 
laths,  seen  above  and  below  a  in  fig.  365.  r  shows 
the  sloping  border  or  ledge  of  the  copper,  b  and  c 
are  rollers  laid  horizontally,  for  facilitating  the  con- 
tinuous motion  of  the  series  of  pieces  of  goods 
stitched  together  into  an  endless  web,  which  are 
made  to  travel  by  the  incessant  rotations  of  the  reeL 
Immediately  above  the  roller  b  in  fig.  364,  all  the 
spare  foldings  of  the  web  are  seen  resting  upon  the 
sloping  wooden  grating,  which  guides  them  onwards 
in  the  direction  indicated  by  the  arrow.  The  dye 
stuffs  are  put  within  the  middle  grating,  like  a  hen- 
coop, marked  g.  Each  copper  is  6  feet  long,  3|  feet 
wide,  3^  feet  deep,  exclusive  of  the  top  ledge,  9 
inches  high.  Such  steam  coppers  are  usually  erected 
in  pairs,  and  moved  by  a  common  horizontal  bevel 
wheel  seen  at  d  in  fig.  365,  fixed  upon  a  vertical  shafVt 


)  gear  by  a  wheel  at  its  top,  with  one  of  the  driving  shafts  of  the  factory.  Upon 
of  D,  the  two  steam  pipes  for  supplying  the  right  and  left  hand  coppers  are 
h  provided  with  a  stop  cock  for  admitting,  regulating,  or  cutting  off  the  steam, 
am  pipes  descend  at  e  e,  the  horizontal  branch  having  several  orifices  in  its 
face.  The  horizontal  shaft  in  a  line  with  the  axes  of  the  reels,  and  which 
],  is  furnished  upon  each  side  with  a  clutch  for  putting  either  of  the  reels  into 
^ear,  that  is  to  say,  setting  it  a  going,  or  at  rest,  in  a  moment  by  the  touch  of  ft 
er.  • 
am  pipe  of  distribution  e  lies  horizontally  near  the  bottom  of  the  middle  ooopy 
under  g  in  fig.  364,  and  sends  up  the  steam  through  its  numerous  orifices, 
i  dye-stuffs  and  water  by  which  it  is  covered.   Thus  the  infusion  or  deeoe- 
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tion  is  continually  advancing  in  the  copper,  daring  the  ineesMnt  kwo-motioii  of  dke  ei4> 
Jess  web.  The  horizontal  pipe  traverses  the  copper  from  end  to  end,  and  is  not  stovpd 
short  in  the  middle.  Each  of  these  coppers  can  receive  two,  three,  or  more  parallel  piceei 
of  goods  at  a  time,  the  reel  and  copper  being  divided  into  so  many  oompartments  bytrsss- 
verse  wooden  spars. 


E. 

EARTHS.  (Terru,  Fr. ;  Erden,  Germ.)  Modern  science  has  demonstrated  that  tk 
substances  called  primitive  earths,  and  which  prior  to  the  great  electro-chemical  cares 
of  Sir  H.  Davy,  were  deemed  to  be  elementary  matier,  are  all  compounds  of  certaia 
metallic  bases  and  oxygen,  with  the  exception  of  silica,  whose  base,  silicon,  being  analo- 
gous to  boron,  has  led  that  compound  to  be  regarded  as  an  acid ;  a  title  cbaracteristie 
of  the  part  it  extensively  performs  in  neutralizing  alkaline  bodies,  in  mineral  natoic^ 
and  in  the  processes  of  art.  Four  of  the  earths,  when  pure,  possess  decided  alkaliae 
properties,  being  more  or  less  soluble  in  water,  having  (at  least  three  of  them)  an  acrid 
alkaline  taste,  changing  the  purple  infusion  of  red  cabbage  to  green,  most  readily  sats> 
rating  the  acids,  and  affording  thereby  neutro-saliae  crystals.  These  four  are  ftaiyft, 
ttrantia,  lime  (calcia),  and  magnesia.  The  earths  proper  are  five  in  number ;  mlmmm, 
ghtcina^  y  ttria,  zirconia,  and  tkorina.  These  do  not  change  the  color  of  infusion  of  cab- 
bage or  tincture  of  litmus,  do  not  readily  neutralize  acidity,  and  are  quite  ioaolable  la 
water.  The  alkalis  are  soluble  in  water,  even  when  carbonated ;  a  property  which  dis- 
tinguishes them  from  the  alkaline  earths.  Lithia  must  for  this  reason  be  considered  to 
be  an  alkali.   See  the  above  substances  in  their  alphabetical  places. 

EAU  DE  COLOGNE.  This  preparation  has  long  possessed  great  celebrity,  in  eoa- 
sequence  chiefly  of  the  numerous  virtues  ascribed  to  it  by  its  venders;  and  is  resorted  to 
by  many  votaries  of  fashion  as  a  panacea  against  ailments  of  every  kind.  It  is  howercr 
nothing  more  than  aromatized  alcohol,  and  as  such,  an  agreeable  companion  of  the  iakL 
Numerous  fictitious  recipes  have  been  offered  fur  preparing  eau  de  Cologne;  the  fol- 
lowing may  be  reckoned  authentic,  having  been  imparted  by  Farina  himself  to  a 
friend. 

Take  60  gallons  of  silent  brandy ;  sage,  and  thyme,  each  6  drachms  ;  balm-mint  and 
spearmint,  each  12  ounces;  calamus  aromaticus,  4  drachms ;  root  of  angelica,  2  drachms ; 
camphor,  I  drachm ;  petals  of  roses  and  violets,  each  4  ounces ;  flowers  of  lavender,  2 
ounces;  flowers  of  orange,  4  drachms;  wormwood,  1  ounce;  nutmegs,  cloves,  cassia 
lignea,  mace,  each  4  drachms.  Two  oranues  and  two  lemons,  cut  in  pieces.  Allow 
the  whole  to  macerate  in  the  spirit  during  24  hours,  then  distil  0^*40  gallons  by  the  heat 
of  a  water  bath.    Add  to  the  product : 

Essence  of  lemons,  of  cedrat,  of  balm-mint,  of  lavender,  each  1  ounce  4  drachms; 
neroli  and  essence  of  the  seed  of  anthos,  each  4  drachms;  essence  of  jasmin,  1  ounce; 
of  ber?amot,  12  ounces.    Filter  and  preserve  for  use. 

Cadet  Gassincourt  has  proposed  to  prepare  eau  de  Cologne  by  the  following  recipe: 
Take  alcohol  at  32**  B.,  2  quarts ;  neroli,  essence  of  cedrat,  of  orange,  of  lemon,  of  bcr- 
gamot,  of  rosemary,  each  24  drops ;  add  2  drachms  of  the  seeds  of  lesser  cardamoms, 
distil  by  the  heat  of  a  water  bath  a  pint  and  a  half.  When  prepared  as  thus  by  simple 
mixture  of  essences  without  distillation,  it  is  never  so  good. 

EAU  DE  LUCE  is  a  compound  formed  of  the  distilled  oil  of  amber  and  water  of  am- 
monia. 

ELEMI  is  a  resin  which  exudes  from  incisions  made  during  dry  weather  through 
the  bark  of  the  amyris  demifera,  a  tree  which  grows  in  South  Ameri(;^  and  Brazil.  It 
comes  to  us  in  yellow,  tender,  transparent  lumps,  which  readily  soften  by  the  heat  of  the 
hand.  They  have  a  strong  aromatic  odor,  a  hot  spicy  taste,  and  contain  12|  per  cent  of 
ethereous  oil.  The  crystalline  resin  of  elemi  has  been  called  Elemine,  It  is  used  in  ma- 
king lacker,  to  give  toughness  to  the  varnish. 

EBULLITION.  (Eng.  and  Fr.;  Kochen,  Germ.)  When  the  bottom  of  an  open 
vessel  containing  water  is  exposed  to  heat,  the  lowest  stratum  of  fluid  immediately 
expands,  becomes  therefore  specifically  lighter,  and  is  forced  upwards  by  the  superior  grav- 
ity of  the  superincumbent  colder  and  heavier  particles.  The  heat  is  in  this  way  diflfused 
through  the  whole  liquid  mass,  not  by  simple  communication  of  that  power  from  par- 
ticle to  particle  as  in  solids,  called  the  conduction  of  caloric,  but  by  a  translation  of  the 
several  particles  from  the  bottom  to  the  top,  and  the  top  to  the  bottom,  in  alternate 
succession.  This  is  denominated  the  carrying  power  of  fluids,  being  common  to  both 
liquid  and  gaseous  bodies.  These  internal  movements  may  be  rendered  very  conspi- 
cuous and  instructive,  by  mingling  a  little  powdered  amber  with  water,  contained  in  a 
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an  glass  eylinder,  staoding  upon  a  sand-bath.  A  column  of  the  heated  and  lighter 
laiticles  will  be  seen  ascending  near  the  axis  of  the  cylinder,  surrounded  by  a  hollow 
solnmn  of  the  cooler  ones  descending  near  the  sides.  That  this  molecular  translation 
)r  locomotion  is  almost  the  sole  mode  in  which  fluids  get  heated,  may  be  demonstrated 
If  placing  the  middle  of  a  pretty  long  glass  tube,  nearly  filled  with  water,  obliquely 
)Ter  an  argand  flame.  The  upper  half  of  the  liquid  will  soon  boil,  but  the  portion  under 
he  middle  will  continue  cool,  so  that  a  lump  of  ice  may  remain  for  a  considerable  time  at 
he  bottom.  When  the  heat  is  rapidly  applied,  the  liquid  is  thrown  into  agitation,  in 
onseqnence  of  elastic  vapor  being  suddenly  generated  at  the  bottom  of  the  vessel,  and 
leing  as  suddenly  condensed  at  a  little  distance  above  it  by  the  surrounding  cold 
damns.  These  alternate  expansions  and  contractions  of  volume  become  more  manifest 
s  tbe  liquid  becomes  hotter,  and  constitute  the  timmering  vibratory  sound  which 
I  the  prelude  of  ebullition.  The  whole  mass  being  now  heated  to  a  pitch  compatible 
rith  its  permanent  elasticity,  becomes  ^jturbulent  and  explosive  under  the  continued 
iflaenee  of  fire,  and  emitting  more  or  less  copious  volumes  of  vapor,  is  said  to 
ofl.  The  further  elevation  of  temperature,  by  the  influence  of  caloric,  becomes 
Dpossible  in  these  circumstances  with  almost  all  liquids,  because  the  vapor  car- 
ies off  from  them  as  much  heat  in  a  latent  state  as  they  are  capable  of  receiving  from 
le  fire. 

The  temperature  at  which  liquids  boil  in  the  open  air  varies  with  the  degree  of  atmo- 
jilieric  pressure,  being  higher  as  that  is  increased,  and  lower  as  it  is  diminished.  Hence 
oiling  water  is  colder  by  some  degrees  in  bad  weather,  or  in  an  elevated  situation,  with 

depressed  barometer,  than  in  fine  weather,  or  at  the  bottom  of  a  coal-pit,  when  the 
arometer  is  elevated.  A  high  column  of  liquid,  also,  by  resisting  the  discharge 
r  the  steam,  raises  the  boiling  point.  In  vacuo,  all  liquids  boil  at  a  temperature  about 
lA^  F.  lower  than  under  the  average  atmospheric  pressure.  For  a  table  of  elasticities, 
se  Vapor.  Gay  Lussac  has  shown  that  liquids  are  converted  into  vapors  more  readily^ 
r  with  less  turbulence,  when  they  are  in  contact  with  angular  or  irregular,  than 
rith  smooth  surfaces ;  that  they  therefore  boil  at  a  heat  2°  F.  lower  in  metallic  than  in 
)«S8  vessels,  probably  owing  to  the  greater  polish  of  the  latter.  For  example,  if  into 
rater  about  to  boil  in  a  glass  matrass,  iron  filings,  ground  glass,  or  any  other  insoluble 
owder  be  thrown,  such  a  brisk  ebullition  will  be  instantly  determined  as  will  sometimes 
lirow  the  water  out  of  the  vessel ;  the  temperature  at  the  same  time  sinking  two  degrees 
\  It  would  thence  appear  that  the  power  of  caloric,  like  that  of  electricity,  becoioes 
oneentrated  by  points. 

The  following  uble  exhibits  the  boiling  heats,  by  Fahrenheit's  seale,  of  the  most  im- 
lortant  liquids 


Stlier,  specific  gravity  0-7365  at  49*      ......  100^ 

Uarborct  of  sulphur  -----.--113 

ycohol,  sp.  grav.  0-813  -         -         -         -       Ure       -         -         -  173*6 

ifitrie  add,  1*500  .  -  -  -  Dalton  -  -  -  210 
Wrater  212 


Bstnrated  solution  of  Glauber  salt 

Biot 

.  213| 

do.  do. 

Acetate  of  lead 

do. 

-  2151 

do.  do. 

Sea  salt  - 

do. 

:    :  ia 

do.  do. 

Muriate  of  lime,  - 

Ure 

do.  do. 

do.          1  A 

-  water  2,  do. 

230 

do.  do. 

do.       35-5  -| 

-  do.  64*5,  do. 

-  235 

do.  do. 

do.       40-5  -1 

\-  do.  59-5,  do. 

-  240 

Hariatie  acid,  sp.  gr 

.  1-094 

Dalton 

232 

do. 

do. 

M27 

do. 

222 

Mhrie  acid, 

do. 

1-420 

-       do.  . 

248 

do. 

do. 

1-30 

do. 

-  236 

ft«etified  petroleum 

Ure 

.306 

^  of  turpentine 

do. 

316 

Wphorie  aeid, 

Bp.gr 

.  1-848 

Dalton 

600 

do. 

do. 

1-810 

-       do.  - 

473 

do. 

do. 

1-780 

do. 

.  435 

do. 

do. 

1-700 

do. 

-  374 

do. 

do. 

1-650 

do. 

360 

do. 

do. 

1-520 

do. 

-  290 

do. 

do. 

1-408 

do. 

-  260 

do. 

do. 

1.300+  - 

•       do.  - 

240 

^^o^ms 

do. 

554 

-       do.  - 

670 

Cinseeddl 

do. 

640 

430 
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do. 


r  - 

DnloBg 

-  e» 

CriffatOD 

-  666 

id  solution  of  acetate  of  soda,  oontaining  60  per  eeat. 

Griffiths 

-  ftm 

do. 

Nitrate  of  soda, 

60 

do. 

-  M€ 

do^ 

Rochelle  salt, 

90 

do. 

-  240 

do. 

Nitre, 

74 

do.  * 

-  238 

do. 

Muriate  of  ammonia. 

50 

do. 

-  236 

do. 

Tartrate  of  potash. 

68 

do. 

•  234 

do. 

Muriate  of  soda. 

30 

do. 

-  224 

do. 

Solphate  of  magnesia, 

67-5 

do. 

.  2S 

do. 

Borax, 

Phosphate  of  soda. 

62'6 

do. 

-  222 

do. 

f 

do. 

-  222 

do. 

Carbonate  of  soda. 

t 

do. 

.  m 

do. 

Alum, 

do. 

.  m 

do. 

Chlorate  of  potash, 

•  40 

do. 

-  218 

do. 

Sulphate  of  copper. 

46 

do. 

-  216 

EDULCORATE  (Edulcorer,  Fr. ;  J%$$S*$eny  Germ.)  is  a  word  introduced  bj  tk 
alchemists  to  signify  the  sweetening,  or  rather  rendering  insipid,  of  acrimonious  pohen- 
lent  substances,  by  copious  ablutions  with  water.  It  means,  in  modem  language,  the 
washing  away  of  idl  particles  soluble  in  water,  by  agitation  or  trituration  with  this  fluid, 
and  subsequent  decantation  or  filtration. 

EFFERVESCENCE.  (Eng.  and  Fr. ;  ^u/brausen^  Germ.)  When  gaseoos  matter  is 
suddenly  extricated  with  a  his«ing  sound  during  a  chemical  mixture,  or  by  the  applicalka 
of  a  chemical  solvent  to  a  solid,  the  phenomenon,  from  its  resemblance  to  that  of  lin- 
mering  or  boiling  water,  is  called  effervescence.  The  most  familiar  example  is  afforded 
in  the  solution  of  sodaic  powders ;  in  which  the  carbonic  acid  gas  of  sesqoi-carbonate  of 
soda  is  extricated  by  the  action  of  citric  or  tartaric  acid. 

EFFLORESCENCE  (Eng.  and  Fr. ;  Verwiitem,  Germ.)  is  the  spontaneous  conve^ 
sion  of  a  solid,  usually  crystsilline,  into  a  powder,  in  consequence  either  of  the  abstm* 
tion  of  the  combined  water  by  the  air,  as  happens  to  the  crystals  of  sulphate  and  or- 
bonate  of  soda ;  or  by  the  absorption  of  oxygen  and  the  formation  of  a  saline  eomponad, 
as  in  the  case  of  alum  schist,  and  iron  pyrites.  Saltpetre  appears  as  an  efflorescence 
opon  the  crround  and  walls  in  many  situations. 

EDGK-TOOLS.    See  Ci  tlkry  and  Steel. 

EGGS,  H  ATCHING.    See  Incubation,  Artificial. 

EIDER-DOWN  is  a  kind  of  precious  down,  so  called  because  it  is  obtained  from  the 
Eider-duck.  These  birds  build  their  nests  among  precipitous  rocks,  and  the  female  Tina 
them  with  fine  feathers  plucked  from  her  breast,  among  which  she  lays  her  five  eggs. 
The  natives  of  the  districts  fre«iuented  hy  the  eider-ducks  let  themselves  down  by  cords 
among  the  dangerous  cliH's,  to  collect  the  down  from  the  nests.  It  is  used  to  fill  cover* 
lets,  pillows,  cushions,  &c. 

ELAINE  is  tiie  name  given  by  Chevreul  to  the  thin  oil  which  may  be  expelled 
from  tallow,  and  other  fats,  solid  or  fluid,  by  pressure  either  in  their  natural  state,  or 
aAer  being  saponified,  so  as  to  harden  the  nttarine.  It  may  be  extracted  also  by  digesting 
the  fat  in  7  or  8  times  its  weight  of  boiling  alcohol,  spec.  grav.  0*798,  till  it  dissolves 
the  whole.  Upon  cooling  the  solution,  the  stearine  (alls  to  the  bottom,  while  tHe  claine 
collects  in  a  layer  like  olive  oil,  upon  the  surface  of  the  supernatant  solution,  reduced  bj 
evaporation  to  one  eighth  of  its  bulk.  If  this  elaine  be  now  exposed  to  a  cold  tempera- 
ture, it  will  deposite  its  remaining  stearine,  and  become  pure.  See  Fat,  Oils,  and 
■  Stearine. 

ELASTIC  BANDS.  (Tissru  Elastiques,  Fr. ;  Federharx-zeige,  Germ.)  The  manu- 
facture of  braces  and  garters,  with  threads  of  caoutchouc,  either  naked  or  covered, 
seems  to  have  originated,  some  time  ago,  in  Vienna,  whence  it  was  a  few  years  since 
imported  into  Paris,  and  thence  into  this  country.  At  first  the  pear-shaped  bottle  of 
Indian  rubber  was  cut  into  long  narrow  strips  by  the  scissors;  a  single  operative 
turning  off  only  about  100  yards  in  a  day,  by  cutting  the  pear  in  a  spiral  direction.  He 
succeeded  next  in  separating  with  a  pair  of  pincers  the  several  layers  of  which  the  bottle 
was  composed.  Another  mode  of  obtaining  fine  threads  was  to  cut  them  out  of  a  bottle 
which  had  been  rendered  thin  by  inflation  with  a  forcing  pomp.  All  these  operatioos 
are  facilitated  by  previously  steeping  the  caoutchouc  in  boiling  water,  in  its  moderatetf 
inflated  state.  More  recently,  machines  have  been  successfully  employed  for  cuttio; 
out  these  filaments,  but  for  this  purpose  the  bottle  of  caoutchouc  is  transformed  into 
a  disc  of  equal  thickness  in  all  its  parts,  and  perfectly  circular.  This  preliminary  open- 
tion  is  executed  as  follows:  1.  the  bottle,  softened  in  hot  water,  is  squeezed  bctwea 
the  two  plates  of  a  press,  the  neck  having  been  removed  beforehand,  as  useless  in  ^ 
point  of  view ;  2.  the  bottle  is  then  cut  into  two  equal  parts,  and  is  allowed  to  e(»- 


ELASTIC  BANDS. 
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Bolidate  bf  codling  befbre  subjecting  it  to  the  cutting  instrument  When  the  bottle  is 
•trong  enough,  and  of  Tariable  thickness  in  its  different  points,  each  half  is  submitted  to 
powerful  pressure  in  a  very  strong  cylindrical  mould  of  metal,  into  which  a  metallic 
planger  descends,  which  forces  the  caoutchouc  to  take  the  form  of  a  flat  cylinder  with  a 
circnlar  base.  The  mould  is  plunged  into  hot  water  dnring  the  compression.  A  stem  or 
rod  of  iron,  which  goes  across  the  hollow  mould  and  piston,  retains  the  latter  in  its  place, 
notwithstanding  the  resilience  of  the  caoutchouc,  when  the  mould  is  taken  from  the  press. 
The  mould  being  then  cooled  in  water,  the  caoutchouc  is  withdrawn. 

The  transformation  of  the  disc  of  caoutchouc  into  fine  threads  is  performed  by  two 
machines ;  the  first  of  which  cuts  it  into  a  riband  of  equal  thickness  in  its  whole  extent, 
running  in  a  spiral  direction  from  the  circumference  to  the  centre ;  the  second  subdi- 
vides this  riband  lengthwise  into  several  parallel  filaments  much  narrower  but  equally 
thick. 

The  following  figs.  366,  367,  368,  represent  the  machine  for  cutting  the  spiral  riband. 
The  disc  d,  placed  horizontally,  turns  round  its  vertical  axis,  so  as  to  present  its 


periphery  to  the  edge  of  a  knife  c,  formed  like  a  circular  blade,  whose  plane  is  perpen* 
dicular  to  that  of  the  bases  of  the  disc.  This  knife  turns  round  its  centre,  which  is 
fixed.  The  rotatory  motion  of  the  disc  forces  the  knife  to  penetrate  further  and  further 
into  its  mass,  and  the  motion  of  the  knife  itself  makes  it  cut  the  riband  more  easUy,  It 
is  obvious,  that  if  the  disc  alone  revolve,  the  motionless  knife  could  act  only  by  pressue, 
and  would  meet  with  an  enormous  resistance.  A  third  movement  becomes  necessary* 
In  proportion  as  the  disc  is  diminished  by  the  removal  of  the  spiral  band,  the  centre  of 
this  disc  must  advance  upon  the  knife,  in  order  that  the  riband  may  have  always  the 
same  breadth.  The  inspection  of  ySg.  368  will  make  the  accordance  of  the  three  nx>tien8 
intelligible. 

The  knife  c  is  placed  upon  a  shaft  or  axis  a,  which  carries  a  pulley,  round  which  a 
belt  or  cord  runs  which  drives  the  whole  machine.  This  knife  is  six  inches  in  diameter. 
In  order  that  by  being  kept  cool  it  may  cut  the  caoutchouc  better,  it  is  plunged  at  its 
lower  part  into  a  trough  b,  full  of  water ;  a  stopcock  a,  serves  to  empty  this  trough. 

The  shaA  a  bears  a  pinion  p,  which  takes  into  a  wheel  a,  placed  upon  the  shaft  a'  { 
upon  which  there  is  cut  a  worm  or  endless  screw,  v,  v.  This  worm  bears  a  nut  x, 
which  advances  as  the  screw  turns,  and  carries  with  it  a  tie  l,  which  in  its  turn  pushes 
(he  disc  d,  carried  upon  a  shoulder  constantly  towards  the  knife.    This  shoulder  is 

Sided  by  two  ears  which  slide  in  two  grooves  cut  in  the  thickness  of  the  table.  The 
uneter  of  the  pinion  p  is  about  one  fiAh  of  that  of  the  wheel  a ;  so  that  the  aibor 
A  tarns  five  times  less  quickly  than  the  arbor  a'  ;  and  the  fineness  of  the  screw  v  oontri- 
Imtes  farther  to  slacken  the  movement  of  translation  of  the  disc. 

When  the  disc  is  all  cut  down,  the  shoulder,  the  tie,  and  the  nut,  are  brought  back 
to  Chetr  original  position  by  lifting  the  nut,  which  is  hinged  on.  The  disc  is  fixed 
upon  the  shoulder  by  means  of  sharp  points,  and  an  upper  washer.  The  shoulder  and 
the  washer  have  a  very  small  diameter,  in  order  that  the  knife  may,  in  cutting  down  the 
disc,  advance  as  near  as  possible  to  the  centre. 

llie  rotatory  movement  of  the  disc  and  its  shoulder,  is  given  by  an  endless  screw 
w,  which  governs  a  pinion  p',  provided  with  10  teeth,  and  carried  by  the  shaft  A, 
*  upon  which  the  shoulder  is  mounted.  The  arbor  a'  of  this  endless  screw  receives 
iu  motion  from  the  first  shaft  a,  by  means  of  the  wheels  s  and  s'  mounted  upon  these 
shafts,  and  of  an  intermediate  wheel  b'\  This  wheel,  of  a  diameter  equal  to  that  of 
the  shaft  is  intended  merely  to  allow  this  shaft  to  recede  from  the  shaft  a.  The 
tfmeter  of  the  wheel  of  this  last  shaft  is  to  that  of  the  two  others  in  the  ratio  of  10 
to  8. 


366 


367 


Samid  moc&Me  fir  tMividimg  A$  riUndt.  Fig.  Sm^Tkt  ribuA  k  e^^ei 
betweea  the  eireular  knives,  whidi  are  mounted  npcNi  the  raUera  b,  & ;  tkia  bna 
wnshen  keep  these  knivet  afinrt  at  a  distnaee  whieh  may  be  wieil»  aai  two  ettiM 
wathera  mounted  wUh  aciews  on  eaeh  roUer  maintain  the  whole  tfitcai.  Tbe  amitf 
these  rollers  trmverw  two  vprig hts  m,  m,  ftiraished  with  tafaisea,  mad  wUh  adjaHiw 
serews  Co  approximate  them  at  pteasare.  The  axis  of  the  lower  voDer  eacrica  a  vtai 


r,  whieh  takes  into  another  smaller  wheel  r^,  fOaeed  vpoa  the  same  diaft  aa  the  piJkff, 
which  IS  driven  hj  a  eocd.  The  diameter  of  the  wheel  r  Is  three  times  greater  thuthi 
wheel  r'.  The  pulley  p  ts  twiee  the  sixe  of  the  wheel  r' ;  and  its  cord  passes  rm^  t 
drum  By  which  drives  the  rest  of  the  machine. 

The  threads,  when  brought  to  this  state  of  slendemess,  are  put  sneeesstvely  into  tsli 
filled  with  cold  water;  they  are  next  softened  in  hot  water,  and  dongated  as  maeh m 
possible  in  the  following  manner :  — ^They  are  wound  upon  a  red  turned  qaiekly,  vhili  ^ 
the  operative  stretches  the  caoutchouc  thread  with  his  hand.  In  this  way  it  is  readoel  * 
8  or  10  times  longer.  The  reels  when  thus  fiDed  are  placed  during  some  days  in  a  eoli 
apartment,  where  the  threads  become  firm,  and  seem  to  change  their  natove. 

This  state  of  stiffness  is  essential  for  the  sneeess  of  the  subseqneat  operations.  Tbi 
threads  are  commonly  covered  with  a  sheath  oT  silk,  cotton,  or  linen,  by  a  braidiag  » 
chiae,  and  are  then  placed  as  warp  in  a  loom,  in  order  to  form  a  narrow  web  Ibr  bne& 
garten,  dte.  If  the  gum  were  to  exercise  its  dastidty  during  this  operatioa,  the  de- 
ferent threads  would  be  lengthened  and  shortened  in  an  irregular  manner,  so  as  to  fins 
a  puckered  tissue.  It  is  requisite  therefore  to  weave  the  threads  in  their  rigid  and  is- 
extensible,  or  at  least  incontractile  condition,  and  aAer  the  fabric  is  woven  to  reMBic 
to  the  threads  of  caoutchouc  their  appropriate  elasticity.  This  restoration  is  tttutg 
effected  by  passing  a  hot  smoothing  iron  over  the  tissue  laid  smoothly  upon  a  table  covered 
with  blanket  stuff.   See  Bbaiding  MACHiifx. 

ELECTIVE  AFFINITY  {Wahlverwatidttehaft,  Germ.)  denotes  the  order  of  pie- 
ference,  so  to  speak,  in  which  the  several  chemical  substances  dkoofs  to  combine;  or 
reiUIy,  the  gradation  of  attractive  force  infused  by  Almighty  Wisdom  among  the  difieieat 
objects  of  nature,  which  determines  perfect  uniformity  and  identity  in  their  eompooads 
amidst  indefinite  variety  of  combination.  The  discussion  of  this  interesting  subject  bdosgi 
to  pure  chemistry.   See  DxcoMPosirioif. 

ELEMEin'S,  (Eng.  and  Fr. ;  Grundttoffk,  Germ.)  The  andento  considered  fiic^ 
air,  water,  and  earth,  as  simple  substances,  essential  to  the  constitution  of  all  tetiestrid 
beings.  This  hypothesis,  evidently  incompatible  with  modern  chemical  discovery,  bn| 
be  supposed  to  correspond,  however,  to  the  four  states  in  which  matter  seems  to  exirt; 
namdy,  1.  the  unconfinablc;  powers  of  fluids — caloric,  light,  dectricity ;  2.  ponderaUi 
gases,  or  elastic  fluids ;  3.  liquids ;  4.  solids.  The  three  dements  of  the  alehemirt% 
salt,  earth,  mercury,  were,  in  ihtir  sense  of  the  word,  mere  phantasms. 

In  modem  science,  the  term  EUmnd  signifies  merely  a  substance  which  has  not  yet 
been  resolved  by  analysis  into  any  simple  form  of  matter;  and  it  is  therefore  aynoaymMS 
with  undecompounded.  This  class  comprehends  54  different  bodies,  of  wbieh  bo  km 
than  41  are  metallic.  Five  may  be  styled  JrduBol,  from  the  intensity  and  natverssUil 
of  their  aflinities  for  the  other  bodies,  which  they  penetrate,  corrode,  and  appsMdy 
consume,  with  the  phenomena  of  light  and  heat.  These  6  are  cUortat,  oxygeay  Msib 
6romtne,  ^aortne.  Eight  dements  are  eminently  inflammable  when  acted  upon  by  aiy 
of  the  preceding  five,  and  are  thereby  converted  into  incombustible  eompooada.  Ths  . 
simple  non-metallic  inflammables  are  hydrogen,  axoU,  ndjhuTfphoMpkofUB,  tdtrnkm^  earing 

ftOTM,  tUicOli, 

The  following  table  exhibits  all  the  undecompounded  bodies  in  al^mbetical  ofder. 
with  their  prime  equivalent  numbers,  atomic  wdghts,  or  redprocal  ^eombfaking  aal 
saturating  proportkms,  as  given  by  Berzelius,  in  reference  to  OKifea,  reoconei 
100,000:— 
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A  lignifiM  ArchMl ;  I,  InflammabI*  ;  BC,  M«Ul. 


m 

M. 

171,167 

Mercury 

M. 

1265,822 
598,525 

ay 

806,542 

Molybdenam 

470,012 

Nickel 

—  • 

369,675 

1. 

88,518 

Osmium 

1244,210 

M*  • 

856,880 

Oxygen 

A. 

100,000 

1 

886,000 

Palladium 

M. 

665,840 

I. 

135,983 

Pboaphonu 

1. 

196,155 
1233,260 

e 

A. 

489,150 

Platinum 

M. 

im 

696,970 

Rhodium 

•  .  651,400 

1 

— 

256,019 

Selenium 

r 

494,582 

I. 

76,437 

Silicon 

277,478 

M. 

674,718 

SUver 

M.  ! 

675,804 

.e 

A. 

221,325 

Strontium 

547,285 

.am 

M. 

351,819 

Sulphur 

I. 

201,165 

369,991 

Tantalum 

M. 

153,715 

395,695 

Tellurium 

801,760 

.e 

I. 

116,900 

Thorinum 

744,900 

M. 

1243,013 

Tin 

735,294 

en 

I. 

62,398 

Titanium 

803,686 

A. 

789,145 

Tungsten 

1183,000 

M. 

1233,260 

Uranium 

2711,360 

339,213 

Vanadium 

855,840 

1294,489 

Yttrium 

401,840 

a 

81,320 

Zinc 

403,226 

nam 

158,353 

Zirconium 

420,238 

aesiom 

345,900 

TRIATE.  (Soutirer,  Fr. ;  Schlemmen,  Germ.)  When  an  insoluble  pulverulent 
like  whitening  or  ground  flints,  is  diffused  through  a  large  body  of  water,  and  the 
B  is  allowed  to  settle  for  a  little,  the  larger  particles  will  subside.  If  the  supema^ 
|uid  be  now  carefully  decanted,  or  run  off,  with  a  syphon,  it  will  contain  an  im- 
le  powder,  which  on  repose  will  collect  at  the  bottom,  and  may  be  taken  out  to  dry. 
rocess  is  called  elutriation. 

BALMING  (Embaument,  Fr. ;  Eiiibalsameny  Germ.)  is  an  operation  in  which 
8  (6a«me«,  Fr.)  were  employed  to  preserve  human  corpses  from  putrefaction; 
s  the  name. 

ancient  Egyptians  had  recourse  to  this  process  for  preserving  the  bodies  of  numer- 
nilies,  and  even  of  the  animals  which  they  loved  or  worshipped.  An  excellent 
t  of  their  methods  is  given  in  Mr.  Pettigrew's  work  upon  Mummies.  Modern 
try  has  made  us  acquainted  with  many  means  of  counteracting  putrefaction  more 
and  efficacious  than  the  Egyptian  system  of  salting,  smoking,  spicing,  and  bitu- 

Ig.     See  POTREFACTIOPf. 

BOSSING  WOOD.  (Bossage,  Fr. ;  Erhabenes  Jrbeit,  Germ.)  Raised  figures  upon 
such  as  are  employed  in  picture  frames  and  other  articles  of  ornamental  cabinet 
are  usually  produced  by  means  of  carving,  or  by  casting  the  pattern  in  plaster  of 
or  other  composition,  and  cementing,  or  otherwise  fixing  it  on  the  surface  of  the 
The  former  mode  is  expensive ;  the  latter  is  inapplicable  on  many  occasions. 
Dvention  of  Mr.  Streaker  may  be  used  either  by  itself,  or  in  aid  of  carving ;  and 
b  on  the  fact,  that  if  a  depression  be  made  by  a  blunt  instrument  on  the  surface  of 
lod,  such  depressed  part  will  again  rise  to  its  original  level  by  subsequent  immersion 
water. 

wood  to  be  ornamented  having  been  first  worked  out  to  its  proposed  shape,  is  in  a 
o  receive  the  drawing  of  the  pattern ;  this  being  put  on,  a  blunt  steel  tool,  or  hum- 
or die,  is  to  be  applied  successively  to  all  those  parts  of  the  pattern  intended  to  be 
ef,  and,  at  the  same  time,  is  to  be  driven  very  cautiously,  without  breaking  the 
of  the  wood,  till  the  depth  of  the  depression  is  equal  to  the  intended  prominence 
ficares.  The  ground  is  then  to  be  reduced  by  planing  or  filing  to  the  level  of  the 
•ed  part;  after  which,  the  piece  of  wood  being  placed  in  water,  either  hot  or  cold, 
Jt  previously  depressed  will  rise  to  its  former  height,  and  will  then  form  an  embossed 
By  which  may  be  finished  by  the  usual  operations  of  carving, 
this  invention  the  Society  of  Arts  voted  to  Mr.  Streaker  their  silver  Isis  medal  and 
ioeas. 

BOSSING  CLOTH.  Mr.  Thomas  Greig,  of  Rose  Bank,  near  Bury,  patented 
vntioDy  in  November,  1835,  which  consists  in  an  ingenious  construction  of  machinery 
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for  both  embowing  and  printing  silky  eoUon^  wodleB  Mk,  papov  and  otter  flArio,  k 
one  or  more  enlors,  at  one  operation. 
Figs,  370,  370*  represent  tliree  distinct  printin 


yUndefs  of  eoppcr»  or  othar  i 
material.  A, 
their  Meesi 
daafetibr  printiag  tiree 
diffcmt  eokn 
the  Ihbrie  as  it 
tliroagh  the 
either  of  these  cflMm 
A,  ■.or  Cp  asay  he  » 
ployed  aa  an  eibowiBg 
cylinder,  withoat  pw- 
ftnningthe  priatia|tpro- 
ccss»oriiiay  he  made  t» 
efleet  hoCh  operatioBs  si 
the  same  tine. 

The  fabric  or  gmdi 
to  be  operated  npoa  be- 
lag  first  wound  tirhtly 
apoa  a  roUer,  that  roOv 
is  to  be  luounied  epos 
an  a^  or  pivot,  bearisf 
n  anas  or  braelMis  st 
the  bade  of  the  macbiic^ 
as  shows  at  d.  Froa 
this  roller  the  fsbrie 
•  •  •  •  is  eoadvcted  be- 
tween tessloa  nOi^aal 
passed  aader  titt  bd 
cylinder  or  paper  bowl 
X,  and  (hxn  thence  pre- 
ceeds  over  acairierrona 
r,  and  over  steam  boxtt 
not  shown  in  Ibe  driv- 
ing, or  it  may  be  eoa- 
ducted  into  a  hot  room, 
for  the  purpose  of  drying 
the  colors. 

The  cylinders  jl,  i, 
and  c,  having  neither  ea- 
graved  or  raised  surfices, 
are  connected  to  feeding 
rollers  b  b  b,  revolyinn 
in  the  ink  or  colored 
tmai;h<i  c  c  c;  or  endless  felts,  called  sieves,  may  be  employed,  as  in. ordinary  printinf 
roachincA,  for  supplying  the  color,  when  the  device  on  the  sorface-af  the  eylioders  is 
raised :  these  cylinders  may  be  furnished  with  doctors  or  scrapers  when  required,  or  tht 
same  may  be  applied  to  the  endless  felts. 

The  blocks  have  adjustable  screws  g  g,  for  the  purpose  of  bringing  the  cylinders  iqp 
against  the  paper  bowl,  with  any  required  degree  of  pressure :  the  cylinder  b  is  support- 
ed by  its  gudgeons  running  in  blocks,  which  blocks  slide  in  the  lower  parts  of  the 
side  frames,  and  are  connected  to  perpendicular  rods  t,  having  a^justahle  screv 
nnts. 

The  lower  parts  of  these  rods  bear  upon  weighted  levers  k  He,  extending  in  finont  of  tbt 
machine ;  and  by  increasing  the  weights  1 2,  any  degree  of  upward  pressure  *nay  be  gires 
to  the  cylinder  b. 

The  color  boxes  or  troughs  c  c  c,  carrying  the  feeding  rollers  bbb,  are  fixed  on  boszdi 
which  slide  in  grooves  in  the  side  frames,  and  the  rollers  are  a4jnsted  and  brought  into 
contact  with  the  surface  of  the  printing  cylinders  by  screws. 

If  a  back  cloth  should  be  required  to  be  introduced  between  the  cylindrical  bed  cr 
paper  bowl  k,  and  the  fabric  a  a  a,  as  the  ordinary  felt  or  blanket,  it  may,  for  pristiag 
and  embossing  cotton,  silk,  or  paper,  be  of  linen  or  cotton ;  bat  if  woollen  goods  are  to 
be  operated  upon,  a  cap  of  felt,  or  some  such  material,  must  be  bound  round  the  psptf 
bowt  and  the  felt  or  blanket  must  be  used  for  the  back  ckth,  which  is  to  be  conducted 
over  the  rollers  h  and  i. 

For  the  purpose  of  embossing  the  fabric,  either  of  the  rollers  a»  ■»  or  c,  may  br 
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employed,  observing  that  the  surface  of  the  roller  mast  be  cat,  so  as  to  leave  the  pattern 
or  device  elevated  for  embossing  velvets,  plain  cloths,  and  papers ;  bat  for  woollens  the 
device  must  be  excavated,  that  is,  cut  in  recess. 

The  pattern  of  the  embossing  cylinder  will,  by  the  operation,  be  partially  marked 
through  the  fabric  un  to  the  surface  of  the  paper  bowl  e  ;  to  obliterate  which  marki 
from  the  surface  uf  the  bowl,  as  it  revolves,  the  iron  cylinder  roller  g  is  employed ;  bat 
as  in  the  embossing  of  the  same  patterns  on  paper,  a  counter  roller  is  required  to 
Iiroduce  the  pattern  perfectly,  the  iron  roller  is  in  that  case  dispensed  with,  the  impret- 
uon  given  to  the  paper  bowl  being  required  to  be  retained  on  its  surface  untU  the  opera- 
tion is  finished. 

In  this  case  the  relative  cireumferenees  of  the  embossing  cylinder,  and  of  the  paper 
bowl,  must  be  exactly  proportioned  to  each  oUier ;  that  is,  the  circumference  of  the  bowl 
must  be  equal,  exactly,  to  a  given  number  of  circumferences  of  the  embossing  cylinder, 
Tery  accurately  measured,  in  order  to  preserve  a  perfect  register  or  coincidence,  as  they 
continue  revolving  between  the  pattern  on  the  surface  of  the  embossing  cylinder,  and 
that  indented  into  the  surface  of  the  paper  bowl. 

The  axle  of  the  paper  bowl  k,  turns  in  brasses  fitted  into  slots  in  the  side  frames,  and 
it  may  be  raised  by  hand  from  its  bearings  when  required,  by  a  lever  fc,  extending  in 
front.  This  lever  is  atfixed  to  the  end  of  a  horizontal  shall  l,  l,  crossing  the  machine 
seen  in  the  figures,  at  the  bac.c  of  which  shaft  there  are  two  segment  levers  p,  p,  to  which 
bent  rods  q,  q,  are  attached,  having  hooks  at  their  lower  ends,  passed  under  the  axle  of 
the  bowl.  At  the  reverse  end  of  the  shaft  l,  a  ratchet-wheel  r,  is  afllxed,  and  a  pall  or 
click  mounted  on  the  side  of  the  frame  takes  into  the  teeth  of  the  wheel  r,  and  therebf 
holds  up  the  paper  bowl  when  required. 

When  the  iron  roller  g,  is  to  be  brought  into  operation,  the  vertical  screws  /,  t,  mooa^ 
ed  in  the  upper  parts  of  ihe  side  frames,  are  turned,  in  order  to  bring  down  the  brasses  v, 
which  carry  the  axle  of  that  roller  and  slide  in  slots  in  the  siie  frames. 

The  cylinders  a,  b,  and  c,  are  represented  hollow,  and  may  be  kept  at  any  desired  ten^ 
perature  during  the  operation  of  printing,  by  introducing  steam  into  them ;  and  under  the 
color  boxes  c,  c,  c,  hollow  chambers  are  also  made  for  the  same  purpose.  The  degree  of 
temperature  required  to  be  given  to  these  roust  depend  upon  the  nature  of  the  coloring 
material,  and  of  the  goods  operated  upon.  For  the  purpose  of  conducting  steam  to  these 
hollow  cylinders  and  culur  boxes,  pipes,  as  shown  at  v,  p,  v,  are  attached,  which  lead  from 
a  steam  boiler.  But  wlien  either  of  these  cylinders  is  employed  for  embossing  alone,  or 
for  embossing  and  piinting  at  the  same  time,  and  particularly  for  some  kinds  of  goods 
where  a  higher  temperature  may  be  required,  a  red-hot  heater  is  then  introduced  into  the 
hollow  cylinder  in  place  uf  steam. 

If  the  cylinder  b  is  employed  as  the  embossing  cylinder,  and  it  is  not  intended  to 
print  the  fabric  by  that  cylinder  simultaneously  with  the  operation  of  embossing,  the 
feeding  roller  />,  must  be  removed,  and  also  the  color  box  c,  belonging  to  that  cylin- 
der; and  the  cylinders  a  and  c,  are  to  be  employed  for  printing  the  fabric,  the  one 
applying  the  color  before  the  embossing  is  elfected,  the  other  after  it.  It  is  however 
to  be  remarked,  that  if  a,  and  c,  are  to  print  colors  on  the  fabric,  and  b  to  emboss  it, 
in  that  case  it  is  preferred,  where  the  pattern  would  allow  it.  a  and  c,  are  wooden  roll- 
ers having  the  pattern  upon  their  surfaces,  and  not  metal,  as  the  embossing  cylinders  must 
of  necessitybe. 

It  will  bP^erceived  that  this  machine  will  print  one,  two,  or  three  colors  at  the  same 
time,  and  that  the  operation  of  embossing  may  be  performed  simultaneously  with  the 
printing,  by  either  of  the  cylinders  a,  b,  ore, or  the  operation  may  be  performed  consecu- 
tively by  the  cylinders,  either  preceding  or  succeeding  each  other. 

The  situations  of  the  doctors,  when  required  to  be  used  for  removing  any  superfluous 
color  from  the  surface  of  the  printing  cylinder,  are  shown  at  d,  d,  d  ;  those  for  removing 
any  lint  which  may  attach  itself,  at  e,  e,  e.  They  are  kept  in  their  bearings  by  weighted 
levers  and  screws,  and  receive  a  slight  lateral  movement  to  and  fro,  by  means  of  the  ver- 
tical rod  m,  which  is  connected  at  top  to  an  eccentric,  on  the  end  of  the  axle  of  the  roller 
H,  and  at  its  lower  end  to  a  horizontal  rod  mounted  at  the  side  of  the  frame ;  to  this  hori- 
zontal rod,  arms  are  attached,  which  are  connected  to  the  respective  doctors ;  and  thos, 
by  the  rotation  of  the  eccentric,  the  doctors  are  made  to  slide  laterally. 

When  the  cylinders  a,  b,  or  c,  are  employed  for  embossing  only,  those  doctors  will  not 
be  required.  The  driving  power  is  communicated  to  the  machine  from  any  first  mover 
through  the  agency  of  the  toothed  gear,  which  gives  rotatory  motion  to  the  cylinder  b, 
and  from  thence  to  the  other  cylinders  a,  and  c,  by  toothed  gear  shown  in^ig.  370. 

EMBROIDERING  MACHINE.  (Machine  d  broder,  Fr.;  Steckmaschine,  Germ.) 
This  art  has  been  till  of  late  merely  a  handicraft  employment,  cultivated  on  account  of  its 
elegance  by  ladies  of  rank.  But  a  few  years  ago  M.  Heilmann  of  Mulhause  invented  a  ma- 
chine of  a  most  ingenious  kind,  which  enables  a  female  to  embroider  any  design  with  80 
or  140  needles  as  accurately  and  expeditiously  as  she  formerly  could  do  with  one.   A  brief 
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MoowiC  of  thif  KBMflimble  inveiitioii  will  thereAira  be  •eeeplaMe  to  auy  remkn,  h 
«M  displaced  at  the  natkmal  expodtkm  oTtlie  pradneti  of  Mufttj  in  Pm  Ibr  1884» 
wu  unqDestionably  the  oljeet  which  stood  highest  in  jmUie  csteeni  Ibr  wiietlMr  at  vest 
m  in  motion*  it  was  always  sniroiuided  with  a  crowd  of  cviooa  visitm,  admiring  the 
igwes  which  it  had  formed,  or  inspecting  its  movements  and  investigating  its  mechaaiMu 
180  needles  were  occnpied  in  eopymg  the  same  patten  with  peifcct  rogidaritj,  all  set  is 
motion  by  one  penon* 

Several  of  these  meehinfa  are  now  mounted  in  Fnnce^  Gcnnanyy  and  SwiUcikni 
I  have  seen  one  ftctory  in  Mandiester,  whtn  a  great  mnnf  of  them  are  doiag  beaatifid 
work* 

The  price  of  a  madiine  having  180  needles»  and  of  eonseqaenee  260  irfneera  or  fingers 
and  thnmbs  to  lay  hold  of  them,  is  6000  fnmcs,  or  tOOL  sleriing;  aad  it »  citimited  to 
do  daily  the  work  of  15  expert  hand  embroidenni  employed  npon  the  orfinary  ftame.  It 
rotnires  merely  the  labor  of  oae  grown-np  person,  and  two  assistant  children.  He 
operative  most  be  well  tanght  to  use  the  machine,  for  be  has  many  things  to  attend  to; 
with  the  one  hand  he  traces  oat,  or  rather  follows  the  desiga  with  the  poiat  of  the  pta- 
lograph ;  with  the  other  he  turns  a  handle  to  plant  and  mH  all  the  needles^  which  sre 
9dMd  by  pincers  and  moved  aloag  by  carrisges,  approadiing  to  and  receding  from  tte 
web,  rolling  all  the  time  aloag  an  iron  railway  f  Isstly,  by  means  of  two  pedals,  npsa 
which  he  presses  alternately  with  the  one  foot  and  the  other,  he  opens  the  130  pincen 
of  the  fint  carriage^  which  ought  to  give  np  the  needles  afker  planting  them  in  the  stoft 
and  he  shnts  with  the  same  pressnre  the  130  pineers  of  the  second  carriage,  whidh  ii  Id 
receive  the  needles,  to  draw  them  fVom  the  other  side,  aad  to  bring  them  bndc  agaia. 
The  children  have  nothing  ebe  to  do  than  to  change  the  needles  when  nil  their  threads 
ave  nsed,  and  to  see  that  no  needle  misses  iu  pincers. 

This  machine  deserves  particnkr  attentio^becanse  it  is  no  less  rcmnrkable  Ibr  the 
happy  arrangement  of  its  parts,  than  for  the  effects  which  it  prodaces.  It  may  be  descri- 
bed under  four  heads :  1.  the  structure  of  the  ftame  I  2.  the  disposition  of  the  web;  3.  the 
airangcmeat  of  the  carriages}  and  4.  the  construction  of  the  pmcers. 

1.  The  structure  of  the  ihune.  It  is  composed  of  enst^wm,  and  is  veiy  massive. 
Fig.  371  exhibits  a  fVont  elevation  of  it.  The  length  of  the  machine  depods 
npon  the  number  of  pincers  to  be  worked.  The  model  at  the  exposition  had  200 
pincers,  and  was  2  metres  and  a  half  (about  100  inches  or  8  feet  4  inches  Englidi) 
long.  The  figure  here  given  has  been  shortened  considerably,  but  the  other  propor- 
tions are  not  disturbed.  The  breadth  of  the  frame  ought  to  be  the  same  for  every  ma- 
chine, tvhether  it  be  lonf?  or  ahoit,  for  it  is  the  breadth  which  determines  the  length  of 
the  thread  to  be  put  into  the  needles,  and  there  is  an  advantage  in  giving  it  the  foB 
breadth  of  the  model  machine,  fully  100  inches,  so  that  the  needles  may^carry  a  thread  at 
least  40  inches  long. 

Dispoaiiion  of  the  piece  to  be  embroider«iL—We  have  already  stated  that  the  pincers 
which  hold  the  needles  always  present  themselves  opposite  to  the  same  point,  and  that  in 
consequence  they  would  continually  pass  oackwards  and  forwards  through  the  same  hole, 
but  the  piece  is  displaced  with  sufficient  precision  to  bring  opposite  the  tips  progressively 
of  the  needles,  every  point  upon  which  they  are  to  work  a  design,  such  as  a  flower. 

The  piece  is  strained  perpendicularly  upon  a  large  rectangular  frame,  whose  four 
sides  are  visible  in  fig.  371 ;  namely,  the  two  vertical  sides  at  p  F,and  the  two  horixontal 
sides,  the  upper  and  lower  at  We  see  also  in  the  figure  two  long  wooden  rollers 

a  and  g,  whose  ends,  mounted  with  iron  studs,  are  supported  upon  the  sides  f  of  the 
Arame,  so  as  to  turn  freely.  These  form  a  system  of  beams  upon  which  the  piece  des- 
tined to  receive  the  embroidery,  is  wound  and  kept  vertically  stretched  to  a  proper  degree^ 
ibr  each  of  these  beams  bears  upon  its  end  a  small  ratchet  wheel  g,  g ;  the  teeth  of  one 
of  them  being  inclined  in  the  opposite  direction  to  those  of  the  other.  Besides  this  system 
of  lower  beams,  there  is  another  of  two  upper  beams,  which  is  however  but  imperfectly 
•ecu  in  the  figure,  on  account  of  the  interference  of  other  parts  in  this  view  of  the  ma- 
chine. One  of  these  systems  presents  the  web  to  the  inferior  needles,  and  the  other  ts 
the  upper  needles.  As  the  two  beams  are  not  in  the  same  vertical  plane,  the  plane  cf 
the  web  would  be  presented  obliquely  to  the  needles  were  it  not  for  a  straight  bar  of  ilei^ 
round  whose  edge  the  cloth  passes,  and  which  renders  it  vertical.  The  piece  is  kept  is 
tension  crosswise  by  small  brass  templets,  to  which  the  strings  g'*  are  attached,  and  hy 
which  it  is  pulled  towards  the  sides  of  the  frame  f.  It  remains  to  show  by  what  ingeni- 
ous means  this  frame  may  be  shiAed  in  every  possible  direction.  M.  Heilinnnn  hna  cm- 
ployed  for  this  purpose  the  pantograph  which  draughtsmen  use  for  reducing  or  ^i»*gi^ 
their  plans  iu  determinate  proportions. 

b  b'  fb"  {fig.  371)  represents  a  parallelogram  of  which  the  four  angles  h  V^fV^  an 
jointed  in  such  a  iray  that  they  may  become  very  acute  or  very  obtuse  at  pleasing 
while  ihe  sides  of  course  continue  of  the  same  length ;  the  sides  ft,  ft'  and  ft^  ft''  are  pio- 
hmged,  the  one  to  the  point  d,  and  the  other  to  the  point  c,  and  these  points  e  aad  4 
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«re  chosen  vnder  Ibe  ctrndition  that  in  one  of  the  poshions  of  the  parftllelomm,  tlte 
line  c  4  mhith  jolm  them  pUMt  dutHigh  the  poiat  /;  ihl&  cDndiUuii  may  be  ftilfitl^d  in 


ta  infiaite  number  nf  manners,  since  the  position  of  the  pAmlleln^m  remflining  the 
nme^  we  ^ce  Ihnl  if  we  wished  lo  shift  the  point  J  further  from  the  point  h'^  it  wotitd 
be  fufficient  to  bring  the  point  f  ne»r  enoa^h  to  b  ^  or  pict  i-rrm ;  bol  when  we 
have  onee  fijied  upon  the  distance  h'  dj\i  b  evident  thnt  the  distance  I  "  c  h  lU  necessary 
emmeiiaeoce.  Now  the  principle  upon  which  the  cOQ!?traclion  of  the  pantoG^rsph  resU 
ii  thift  I  it  19  tnfltcient  that  the  three  points  /,  and  c  be  in  a  ilraight  line*  in  one  onli' 
of  Uie  poaitionfl  of  the  parallelugrau^  in  order  thai  tbej  shaJl  remain  always  in  a  straight 
line  in  every  position  which  can  posdbly  be  gtven  to  tL 

We  see  in  the  figure  that  the  liide  b  c,  has  a  hnnflle  with  which  the  workioan 
pita  Ihe  mnchtne  in  aetioit.  To  obtain  more  precision  and  solidity  in  work,  the  sidei 
it  tke  panto^rnfih  are  joined,  so  that  the  middle  of  their  thickness  lies  eicaet!^'  in  the 
venial  plane  of  the  pi«^ee  of  good%  and  that  the  a  te4  of  I  he  joints  nre  truly  p^rpendlc^ 
idar  ta  litis  ptnne^  in  which  consequently  all  the  displacements  are  elTected.  We  arrive 
at  ibis  rejuU  by  mi* kins  fast  to  the  superior  preat  cross  bar  d''  an  elbow  pi^e  d  blTiAg 
•  fnitabk  proj^tun^  and  to  whjdi  is  adapted  in  it«  tmm  the  piece  d',  which  reeetvei  in  a 
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•odtet  the  extremity  of  the  tide  5,  tf;  this  piece  tf' it  made  Aft  to  ^^lif  a  boh, Mil 
eorries  ea  ohioiig  hoie,  and  before  lerewing  op  the  nvt,  wis  make  the  pieee  aidvaMe  or 
reeede,  till  the  falemm  point  comes  eiactly  iato  the  plane  of  the  web.  This  eonditioa  beii| 
fhlfilledy  we  have  merely  to  attach  the  frame  to  the  angle  /of  the  paralldognuB,  which  i 
done  hf  means  of  tlie  pieee  r'\ 

It  is  now  obrions  that  if  the  embroiderer  takes  the  handle  in  his  baad  maA  Bsiei 
the  pantograph  moTe  in  any  direction  whaterer,  the  point /will  deseribe  a  figore  sisii* 
lar  to  the  fignre  described  bf  the  point  e,  and  six  times  smiulery  bat  the  point  /eanart 
too? e  withoat  the  frame,  and  whatever  is  upon  it  moring  also.  Thnis  in  the  lowMt 
of  the  pantograph,  eferj  point  of  the  web  describes  a  fignre  eqoal  to  that  deMribei  If 
the  point  /,  and  conseqnentlf  simiUr  to  that  described  bj  the  point  €^  bot  rix  tiMi 
mailer  I  the  embroidered  object  being  prodneed  upon  the  doth  in  the  positioa  of  thu 
of  the  pattern.  It  is  saffident  therefore  to  gtve  the  embnidering  opeiattve  who  hoUf 
the  handle  a'',  a  design  six  times  greater  than  that  to  be  execnted  if  the  Biachlee,  and  Id 
mfibrd  him  at  the  same  time  a  sure  and  easy  means  of  tracing  over  with  the  point  €^  all  the 
ontlines  of  the  pattern.  For  this  pnrpooe  he  adapts  to  c,  perpendicakfly  to  the  plsae 
of  the  parallelogram,  a  small  style  terminated  Wf  a  point  c',  and  he  fixes  the  patters 
epon  a  rertieal  tablet  x,  parallel  to  the  pkae  of  the  stnflT  and  the  perallelogrmflB,  ail 
disunt  from  it  only  by  the  length  of  the  style  ec";  this  Ubiet  is  carried  by  the  una 
rod  c',  which  is  secured  to  a  cast  iron  foot  e',  senring  also  for  other  purposes,  as  we  deB 
presently  see.  The  llrame  loaded  with  its  beams  and  its  doth  Ibnns  a  pretty  hesty 
Bass,  and  as  it  most  not  swerre  from  its  plane.  It  needs  to  be  lightened  in  order  that  tie 
operatif  e  may  cause  the  point  of  the  panto^ph  to  pats  along  the  tablet  without  soiia* 
iu  or  uncertainty  in  itt  moTcments.  M.  Heilmann  has  aecompllshed  these  ohgeets  ia  the 
foUowing  way.  A  cord  «  attached  to  the  side  6  c  of  the  pantograph  passes  orer  a  retara 
pulley,  and  carries  at  its  extremity,  a  weight  which  may  be  graduated  at  pleasure;  thh 
weight  equipoises  the  pantograph,  and  tends  slightly  to  raise  the  frame.  The  hiver 
tide  of  the  frame  carries  two  rods  u  and  H,  each  attached  by  two  arms  h  A,  a  little  beat 
to  the  left;  both  of  these  are  engaged  in  the  groofes  of  a  pulley.  Through  this  meeha- 
aism  a  pressure  can  be  exerdsed  upon  the  frame  from  below  upward^  whidi  nay  he 
regulated  at  pleasure,  and  withoat  preventing  the  frame  from  mofing  in  all  direetioe% 
it  hinders  it  from  deWating  fropi  the  primitire  plane  to  which  the  pantograph  was  aiQort- 
ed.  The  length  of  the  rods  h  ought  to  be  equal  to  the  amount  of  the  lateral  moTemeat 
of  the  frame.  Two  guides  t  i  carried  by  two  legs  of  east  iron,  present  Tcrtieat  sUts  m 
which  the  lower  part  of  the  frame  f'  is  engaged. 

Disposition  of  the  carriages. — The  two  carriages,  which  are  similar,  are  placed  the  oae 
to  the  right,  and  the  other  to  the  led  of  the  frame.  The  carriage  itself  is  composed 
merely  of  a  long  hollow  cylinder  of  east  iron  l,  carrying  at  either  end  a  system  of  two 
grooved  castors  or  pulleys  l',  which  roll  upon  the  horizontal  raiU  k  ;  the  pulleys  are  mount- 
ed upon  a  forked  piece  with  two  ends  to  receive  the  axes  of  the  pulley^  and  the  pieee 
f  is  itself  bolted  to  a  projecting  ear  /  cast  upon  the  cylinder. 

This  a^emblage  constitutes  properly  speaking  the  carriage,  resting  in  a  perTeetly 
stable  equilibrium  upon  the  rails  k,  upon  which  it  may  be  most  easily  moved  backwards 
and  forwards,  carrying  its  train  of  needles  to  be  passed  6r  drawn  through  the  cloth. 

M.  Heilmann  has  contrived  a  mechanism  by  which  the  operative  without  budging 
from  his  place  may  conduct  the  carriages,  and  regulate  as  he  pleases  the  extent  of  their 
course,  as  well  as  the  rapidity  of  their  movements.  By  turning  the  axes  m"  in  the  one 
direction  or  the  other,  the  carriage  may  be  made  to  approach  to,  or  recede  from  the 
web. 

When  one  of  the  carriages  has  advanced  to  prick  the  needles  into  the  stuff,  the  other 
is  there  to  receive  them;  it  lays  hold  of  them  with  its  pincers,  pulls  them  through, 
performs  its  course  by  withdrawing  to  stretch  the  thread,  and  dose  the  stitch,  then  it 
ffoes  back  with  the  needles  to  make  its  pricks  in  return.  During  these  movements  the 
first  carriage  remains  at  its  post  wailing  the  return  of  the  second.  Thus  the  twoehaiiols 
make  in  succession  an  advance  and  a  return,  but  they  never  move  together. 

To  effect  these  movements  M.  Heilmann  has  attached  to  the  pieee  o'  made  fkstto 
the  two  uprights  a  c  and  a  d  of  the  frame,  a  bent  lever  n  o  %"  moveable  round  the 
point  0 ;  the  bend  n'  carries  a  toothed  wheel  o',  and  the  extremity  %"  a  toothed  whed 
o'';  the  four  wheels  m  m'  o'  and  o''  have  the  same  number  of  teeth  uid  the  same 
diameter ;  the  two  wheels  o'  and  o"  are  fixed  in  reference  to  each  other,  to  that  it  is 
sufficient  to  turn  the  handle  n  to  make  the  Wheel  c^'  revolve,  and  consequenUy  the 
wheel  o' ;  when  the  lever  n  o  is  vertical,  the  wheel  o'  touches  neither  the  whed  m  nor  the 
wheel  ;  but  if  it  be  inclined  to  the  one  side  or  the  other,  it  brings  the  whed  q'  alter- 
nately into  gear  with  the  wheel  m  or  the  wheel  bi'.  As  the  operative  has  hit  two  hands 
occupied,  the  one  with  the  pantograph  and  the  other  with  the  handle  of  impulsion,  he 
has  merely  his  feet  for  acting  upon  the  lever  n  o,  and  as  he  has  many  other  things  to 
di^  M.  Heilmann  has  adapted  before  him  a  system  of  two  pedals,  by  which  he  execatas 
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with  his  feet  a  series  of  operations  no  less  delicate  than  those  which  he  execotes  with  his 
hands. 

The  pedals  p  are  moveable  round  the  axis  p,  and  carry  cords  p'  wound  ia  an  opposite 
direction  upon  the  pulleys  p' ;  these  pulleys  are  fixed  upon  a  moveable  shaft  p"',  sup- 
ported upon  one  side  by  the  prop  e',  and  on  the  other  in  a  piece  k'  attached  to  the  two 
^reat  uprights  of  the  frame.  In  depressing  the  pedal  p  (now  raised  in  the  figure),  the 
upper  part  of  the  shaA  v"  will  turn  from  the  leA  to  the  right,  and  the  lever  n  o  wUl  be- 
come inclined  so  as  to  carry  the  wheel  o'  upon  the  wheel  m',  but  at  the  same  time  the 
pedal  which  is  now  depressed  will  be  raised,  because  its  cord  will  be  forced  to  wind  itself 
upon  its  pulley,  as  much  as  the  other  cord  has  unwound  ilself ;  and  thus  the  apparatus 
will  be  r^uly  to  act  in  the  opposite  direction,  when  wanted. 

Dupotiiion  of  the  pincers. — The  shaft  l'  carries,  at  regular  intervals  of  a  semi-diame- 
*ter,  the  appendages  q  q  cast  upon  it,  upon  which  are  fixed,  by  two  bolts,  the  curved 
branches  q  destined  to  bear  the  whole  mechanism  of  the  pincers.  When  the  pincers  are 
opened  by  their  appropriate  leverage,'  and  the  half  of  the  needle,  which  is  pointed  at 
each  ead,  with  the  eye«in  the  middle,  enters  the  openins;  ^  its  plate,  it  gets  lodged  in  an 
anjralar  groove,  which  is  less  deep  than  the  needle  is  thicC,  so  that  when  the  pincers  are 
closed,  the  upper  jaw  presses  it  into  the  groove.  In  this  way  the  needle  is  firmly  held, 
although  touched  in  only  three  points  of  its  circumference. 

Suppose,  now,  that  all  the  pincers  are  mounted  and  adjusted  at  their  proper  distances 
upon  their  prismatic  bar,  forming  the  upper  range  of  the  risht  carriage.  For  opening  all 
the  pincers  there  is  a  long  plate  of  iron,  u,  caiuible  of  turning  upon  its  axis,  and  which 
extends  from  the  one  end  of  the  carriage  to  the  other.  This  axis  is  carried  by  a  kind  of 
forks  which  are  bolted  to  the  extremity  of  the  branches  q.  By  turning  that  axis  the 
workman  can  open  the  pincers  at  pleasure,  and  they  are  again  closed  by  springs.  This 
movement  is  performed  by  his  feet  acting  upon  the  pedaliii. 

The  threads  get  stretched  in  proportion  as  the  carriage  is  run  out,  but  as  this  tension 
has  no  elastic  play,  inconveniences  might  ensue  which  are  prevented  by  adapting  to  the 
carriage  a  mechanism  by  means  of  which  all  the  threads  are  pressed  at  the  same  time  by 
a  weight  susceptible  of  graduation.  A  little  beneath  the  prismatic  bar,  which  carries 
the  pincers,  we  see  in  the  figure  a  shaft,  y,  going  from  one  end  of  the  carriage  to  the 
other,  and  even  a  little  beyond  it;  this  shaA  is  carried  by  pieces  y  which  are  fixed  to  the 
arms  q,  and  in  which  it  can  turn.  At  its  left  end  it  carries  two  small  bars  y'  and  w',  and 
at  its  right  a  single  bar  y',  and  a  counterweight  (not  visible  in  this  view) ;  the  ends  of 
the  two  bars  y'  are  joined  by  an  iron  wire  somewhat  stout  and  perfectly  straight.  When 
the  catriage  approaches  the  web,  and  before  the  iron  wire  can  touch  it,  the  little  bar  to 
presses  against  a  pin,  10',  which  rests  upon  it,  and  tends  to  raise  it  more  and  more.  In 
what  has  preceded  we  have  kept  in  view  only  the  upper  range  of  pincers  and  needles, 
but  there  is  an  inferior  range  quite  similar,  as  the  figure  shows,  at  the  lower  ends  of  the 
arms  q.  In  conclusion,  it  should  be  stated,  that  the  operative  does  not  follow  slidingly 
with  the  pantograph  the  trace  of  the  design  which  is  upon  the  tablet  or  the  picture,  but 
he  must  stop  the  point  of  the  style  upon  the  point  of  the  pattern  into  which  the  needle 
should  enter,  then  remove  it,  and  put  it  down  again  upon  the  point  by  which  the  needle 
ought  to  re-enter  in  coming  from  the  other  side  of  the  piece,  and  so  on  in  succession.  To 
facilitate  this  kind  of  reading  ofiT,  the  pattern  upon  the  tablet  is  composed  of  right  lines 
terminated  by  the  points  for  the  entrance  and  return  of  the  needle,  su  that  the  operative 
(usually  a  child)  has  continually  under  her  eyes  the  series  of  broken  lines  which  mast 
be  followetl  by  the  pantograph  ;  if  she  happens  to  quit  this  path  an  instant,  without  hav- 
ing left  a  mark  of  the  point  at  which  she  had  arrived,  she  is  under  the  necessity  of  look- 
ing al  the  piece  to  see  what  has  been  already  embroidered,  and  to  find  by  this  comparison 
the  point  at  which  she  must  resume  her  work,  so  as  not  to  leave  a  blank,  or  to  repeat 
the  same  stitch. 

Explanation  of  figure, 
A,  lower  cross  bars,  which  unite  the  legs  of  the  two  ends  of  the  frame, 
a,  the  six  feet  of  the  front  end  of  the  frame. 
a\  the  six  feet  of  the  posterior  end  of  the  frame. 
a",  curved  pieces  which  unite  the  cross  bars  a"'  to  the  uprights. 
B"t  handle  of  the  pantograph. 
b  b'  b"y  three  of  the  angles  of  the  pantograph. 

point  of  the  side  b  b"  on  which  the  point  is  fixed. 
cP',  point  of  the  pantograph. 

cross  bar  in  form  of  a  gutter,  which  unites  the  upper  parts  of  the  frame. 
d,  fixed  point,  round  which  the  pantograph  turns. 
K,  tablet  upon  which  the  pattern  to  be  embroidered  is  put. 

support  of  that  tablet, 
c,  cord  attached  at  one  end  to  the  side  6  c  of  the  pantograph  passing  over  a  guide  pnl- 
ley^  and  carrying  a  weight  at  the  other  end. 
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i',  im  rod  bj  which  the  tahle  s  it  joiiMd  Id  its  nq^port  s". 
F  r»  uprights  of  the  doth-^urjing  frame. 

r',  horisontal  udes  of  the  same  Inae. 
o,  four  loU  beaiDS. 
o",  the  pkee  of  cloth. 

I"',  the  stringy  which  lerre  to  itretch  the  doth  ktmlly. 

EBIERALD  ifimnmiM^  Fr.;  Smarami^  Oeim.)  ie  a  pndoM  tlim  of  a  hcMtfM 
peencolori  Tslaed  next  to ditmond,  and  m  the  wiie  nak at  oriental  rahjM^ 
It  oeenrs  in  prisms  with  a  regnJar  hexagonal  basej  sp.  grav.  5tr7i  stiatthes  ^psto 
with  diffieoUy;  is  scratched  bf  topas)  fasiMe  at  the  blowpipe  teto  a  flodiy  b«Ml|  As 
precipitate  aflbrded  hj  ammonia,  from  its  solatiooy  is  soluble^  in  a  great  wnemmn,  h  e» 
bonate  of  ammonia.  Its  analysis  is  given  yttf  varioasly  bf  different  i  bi  wim  It  csa- 
tains  abont  14  per  cenU  of  glndna,  which  is  its  characieriatie  eonatitnanti  ^ 
68  of  silica,  16  of  alumina,  a  rery  little  lime  and  Iran.  Tha  bcantilU  casenli  of 
is  found  in  a  day  schist  mixed  with  some  calcareous  nHOtcr.  AtHtmit  ctAgmhmwa^^ 
Is  said  to  be  worth  from  4L  taJM. ;  one  of  8  grains,  101. ;  one  o£  15  gmins,  beimf  iM^ii 
worth  602.S  one  of  24  grainsTetched,  at  the  sale  of  M.  de  BrM  cabiM^  MOO  flaM^ 
or  nearty  lOOL 

,The  beryl  is  analogous  in  composition  to  the  emerald,  and  is  cmployad  (whm  if  tte 
.  >iaBmon  opaque  kind,  found  near  Limoges)  by  ehemists  Ibr  prooDBing  the  caiA 
A^ucina. 

EMERT.  This  mineral  was  long  regnrded  as  an  era  of  faoni  and  was  called  to 
Haoy  fir  oxid6  quarU^in,  It  is  very  abundant  in  the  island  of  lYaxos.  at  enpe  MmmL 
whence  it  is  imported  m  large  quantitiea.  It  ocems  also  in  the  islnnds  of  Jensf  ani 
Ouemsey,  at  Ahnadeu,  in  Poland,  Saxony,  Sweden,  Persin,  kc  Its  color  vurias  ftsm 
red  brown  to  dark  brown ;  its  specific  gravity  is  about  4-000;  it  Is  so  hard  aa  to  seiaMh 
quartz  and  many  precious  stones.  By  Mr.  TennnfS  nnalysis  it  eonaista  of  alnmlM, 
SOl  silica,  3}  iron,  4.  Another  inferior  kind  yieUed  8S  of  Iron,  and  only  60  af 
aluminsu 

The  alumina  of  emery  is  beliered  to  be  aggregated  to  the  same  degree  of  haidncss  as 
in  corundum  or  adamantine  spar  t  which  is  one  oC  the  hardest  minerida  known«  Emoy 
is  extensivdy  employed  for  grinding  metals,  glass,  fce. ;  ibr  whidi  purpose  it  Is  ndaeed 
to  powders  of  difierent  degrees  of  fineness,  by  grinding  nnd  dntrintion.  When  si 
treated,  it  is  sold  under  the  name  of  flour  of  emery,  or  WMhed  emery. 

EMPYREUM A,  means  the  offensife  smell  produced  by  fire  applkd  to  organie 
matters,  chiefly  vegetable,  in  close  Tcssels.  Thus,  empyreumatic  Tinegar  is  obtained 
by  distilling  wood  at  a  red  heat,  and  empyreumatic  oil  from  many  animal  substances  in 
the  same  way. 

ENAMELS  (Emaux,  Fr. ;  SchtMlzglas,  Germ.)  are  yarieties  of  glass,  generally  opaque 
and  colored,  always  formed  by  the  combination  of  difierent  metallic  oxydes,  to  whidI 
certain  fixed  fusible  salts  are  added,  such  as  the  borates,  fiuates,  and  phosphates. 

The  simplest  enamel,  and  the  one  which  serves  as  a  basis  to  most  of  the  others,  is 
obtained  by  calcining  first  of  all  a  mixture  of  lead  and  tin,  in  proportions  varying  from 
15  to  50  parts  of  tin  for  100  of  lead.  The  middle  term  appears  to  be  the  most  suitable 
for  the  greater  number  of  enamels ;  and  this  alloy  has  such  an  affinity  for  oxygen,  that 
it  may  be  calcmed  with  the  greatest  ease  in  a  flat  east-iron  pot,  and  at  a  temperature  not 
above  a  cherry  red,  provided  the  dose  of  tin  is  not  too  great.  The  oxyde  is  drawn  off  ts 
the  sides  of  the  melted  metal  according  as  it  is  generated,  new  pieces  of  the  alloy  being 
thrown  in  from  time  to  time,  till  enough  of  the  powder  be  obtained.  Great  care  ought 
to  be  taken  that  no  metallic  particles  be  left  in  the  oxyde,  and  that  the  calcining  heat  be 
as  low  as  is  barely  sufiicient ;  for  a  strong  fire  frits  the  powder,  and  obstructs  its  sabse* 
quent  comminution.  The  powder  when  cold  is  ground  in  a  proper  mill,  levigated  with 
water,  and  elutriated,  as  will  be  described  under  Red  lead.  In  this  state  of  fineness  and 
purity,  it  is  called  calcine,  or  flux,  and  it  is  mixed  with  silidous  sand  and  some  alkaliBe 
matter  or  sea-salt.  The  most  ordinary  proportions  are,  4  of  sand,  1  of  sea-siJt,  and  4  of 
calcine,  Chaptal  states  that  he  has  obtained  a  very  fine  product  fhnn  100  parts  of  cak. 
cine,  made  by  calcining  equal  parts  of  lead  and  tin,  100  parts  of  ground  flint,  and  200 
parts  of  pure  subcarbonate  of  potash.  In  either  case,  the  mixture  is  put  into  a  crucible^ 
or  laid  simply  on  a  stratum  of  sand,  quicklime  spontaneously  slaked,  or  wood-ashes, 
placed  under  a  pottery  or  porcelain  kiln.  This  mass  undergoes  a  semi-Titrification ;  or 
even  a  complete  fusion  on  its  surface.  It  is  this  kind  of  frit  which  serves  as  a  radical 
to  almost  eaHv  enamel ;  and  by  varying  the  proportions  of  the  ingredient,  more  fusiUc^ 
more  opaqd^^^whiter  enamels  are  obtained.  The  first  of  these  qualities  depcaids  on 
the  quantity^Band  or  flux,  and  the  other  two  on  that  of  the  tin. 

The  sea-salt  employed  as  a  flux  may  be  replaced  either  by  salt  of  tartar,  by  pnie 
potash,  or  by  soda ;  but  each  of  these  fluxes  gives  peculiar  qualities  to  the  ennineL 

Most  authors  who  have  written  on  the  preparation  of  enamds,  indst  a  great  deal  en 


ENAMELS. 


441 


e  necessity  of  sdeeting  emrefolly  the  particnlmr  sand  that  should  enter  into  the  eompod* 
m  oT  the  frit,  and  they  even  affirm  that  the  purest  is  not  the  most  saiiaUe.  Cloa«l 
ites,  in  the  34th  Yolume  oT  the  Atmalu  dt  Ckimie^  that  the  sand  ought  to  contain  at 
ist  1  part  of  talc  for  3  of  silicions  matter,  otherwise  the  enamel  obuined  is  nerer  Tery 
issy,  and  that  some  wrinkled  spots  from  imperfect  fusion  are  seeen  on  its  surface ;  and 
t  we  find  prescribed  in  some  old  treatises,  to  make  use  of  ground  flints,  fritted  by  means 
salt  of  tartar  or  some  other  flux.  It  would  thence  appear  that  the  presence  of  talc  is 
no  use  towards  the  fusibility  of  the  silica,  and  that  its  absence  may  be  supplied  by  in- 
suing  the  dose  of  the  flux.  In  all  cases,  however,  we  ought  to  beware  of  meUlUc 
ydes  in  the  sand«  particularly  those  of  iron  and  manganese,  which  most  frequently  occur, 
d  always  injure  the  whiteness  of  the  iVit. 

The  ancients  carried  the  art  of  enamelling  to  a  very  high  perfection,  and  we  occasion- 
j  find  beautiful  specimens  of  their  work,  of  which  we  know  neither  the  composition, 
r  the  manner  of  applying  it  Then,  as  at  present,  each  artist  made  a  mystery  of  the 
muM  that  succeeded  best  with  ?iim,  and  thus  a  multitude  of  cnnous  processes  hare  been 
rieil  with  their  authors.  Another  cause  contributes  powerfully  to  this  sort  of  declen* 
Ml  in  the  arts.  Among  the  vast  number  of  recipes  which  have  been  published  for  the 
mation  of  enamels,  there  are  several  in  which  substances  are  mentioned  that  can  no 
iger  be  procured,  whether  owing  to  a  change  of  denomination,  or  because  the  substan-  ^ 
I  cannot  now  be  found  in  commerce,  or  because  they  are  not  of  the  same  nature  as  of 
L  Hence,  in  many  cases,  we  find  it  impossible  to  obtain  satisfactory  results.  What 
i  have  now  said  renders  it  desirable  that  the  operations  should  be  resumed  anew,  or 
on  new  bases,  and  availing  ourselves  of  all  the  known  chemical  facts,  we  should  employ 
the  production  of  enamels,  raw  materials  of  the  purest  kind. 

The  Venetiaas  are  still  in  possession  of  the  best  enamel  processes,  and  they  supply  the 
«Beh  and  other  nations  with  the  best  kinds  of  enamel,  of  every  colored  shade. 
Enamels  are  distinguished  into  transparent  and  d)|>aque ;  in  the  former  all  the  elements 
Te  experienced  an  equal  degree  of  liquefaction,  and  are  thus  run  into  crystal  glass, 
lilst  in  the  others,  some  of  their  elements  have  resisted  the  action  of  heat  more,  so  that 
•ir  particles  retain  sufficient  aggregation  to  prevent  the  transmission  of  light.  This 
'eet  is  produced,  particularly  by  the  oxyde  of  tin,  as  we  shall  perceive  in  treating  of 
lite  enamel. 

The  frits  for  enamels  that  are  to  be  applied  to  metallic  surfaces  require  greater  fasibil- 
,and  should  therefore  contain  mure  flux ;  and  the  sand  used  for  these  should  be  calcined 
forehand  with  one  fourth  its  weight  of  sea-salt ;  sometimes,  indeed,  metallic  fluxes  are 
ded,  as  minium  or  litharge.  For  some  metallic  colors,  the  oxydes  of  lead  are  very  in- 
rious,  and  in  this  case  recourse  must  be  had  to  other  fluxes.  Clouet  states  that  he  had 
rived  advantage  from  the  following  mixtures,  as  bases  for  purples,  blues,  and  some 
&er  delicate  colors : — 

Three  parts  of  silicious  sand,  one  of  chalk,  and  three  of  calcined  borax ;  or,  three  of 
iss  (of  broken  crystal  goblets),  one  of  calcined  borax,  one  fourth  of  a  part  of  nitre,  and 
e  part  of  well  washed  diaphoretic  antimony.  These  compositions  aflbrd  a  very  white 
arael,  which  accords  perfectly  well  with  blue. 

It  is  obvious  that  the  composition  of  this  primary  matter  may  be  greatly  varied ;  tet 
i  should  never  lose  sight  of  the  essential  quality  of  a  Kood  enamel ;  which  is,  to  acquire, 
a  moderate  heat,  sufficient  fluidity,  to  take  a  shining  surface,  without  running  too  thin, 
is  not  complete  fusion  which  is  wanted ;  but  a  pasty  state,  of  such  a  degree  as  may 
te  it,  aAer  cooling,  the  aspect  of  having  sufiered  complete  liquefaction. 
Ikad»white  Enamd, — ^This  requires  greater  nicety  in  the  choice  of  its  materials  than 
ly  other  enamel,  as  it  must  be  free  from  every  species  of  tint,  and  be  perfectly  white ; 
nee  the  frit  employed  in  this  case  should  be  iuelf  composed  of  perfectly  pure  ingre- 
ents.  But  a  frit  should  not  be  rejected  hastily  because  it  may  be  somewhat  discolored, 
•ee  this  may  depend  on  two  causes ;  either  on  some  metallic  oxydes,  or  on  fuliginous 
irticles  proceeding  from  vegetable  or  animal  substances.  Now  the  latter  impurities  may 
( easily  removed  by  means  of  a  small  quantity  of  peroxyde  of  manganese,  which  has 
le  property  of  readily  parting  with  a  portion  of  its  oxygen,  and  of  thus  facilitating  the 
Habostioo,  that  is  to  say,  the  destruction  of  the  coloring  carbonaceous  matter.  Manga- 
iie  indeed  possesses  a  colurini?  power  itself  on  glass,  but  only  in  its  highest  state  of 
cydisemeut,  and  when  reduced  to  the  lower  state,  as  is  done  by  incombustible  matters, 
no  longer  communicates  color  to  the  enamel  combinations.  Hence  the  proportion  of 
nncanese  should  never  exceed  what  is  just ;  for  the  surplus  would  canse  color.  Spme- 
BMs,  indeed,  it  becomes  nece^ary  to  give  a  little  maneanese  color,  in  order  t^M^in  n 
ore  agreeable  shade  of  white ;  as  a  little  azure  blue  is  added  to  linens,  to  M^MftSi  or 
Huteract  the  dulness  of  their  yellow  tint  '  ' 

A  while  enamel  may  be  conveniently  prepared  also  with  a  calcine  composed  of  twn 
ferts  of  tin  and  one  of  lei^  calcined  together;  of  this  combined  oxyde,  one  part  is  melted 
ithtwo  parts  of  fine  crystal  and  a  very  little  manganese,  all  previoosly  ground  together. 


442 


enamels: 


When  the  fusion  is  complete,  the  vitreous  matter  is  to  be  poured  into  clear  water,  and 
frit  is  then  dried,  and  melted  anew.    The  pouring  into  water  and  fusion  are  sometiiDa 
repeated  fuur  times,  in  order  to  secure  a  very  uniform  combination.   The  crucible  most  be 
carefully  screened  from  smoke  and  flame.   The  smallest  portions  of  ozyde  of  iron  or  eof-* 
per  admitted  into  this  enamel  will  destroy  its  value. 

Some  practitioners  recommend  the  use  of  washed  diaphoretic  antimony  (antimOBide 
of  potash,  from  metallic  antimony  and  nitre  deflagrated  together)  for  white  enamel;  tat 
this  product  cannot  be  added  to  any  preparation  of  lead  or  other  metallic  ozydes;  for  it 
would  tend  rather  to  tarnish  the  color  than  to  clear  it  up ;  and  it  can  be  nscd  therefbic 
only  with  ordinary  glass,  or  with  saline  fluxes.  For  three  parts  of  white  glass  (witboM 
lead)  one  part  of  washed  diaphoretic  antimony  is  to  be  taken ;  the  substances  are  wd 
ground  together,  and  fused  in  the  common  way. 

Blue  enamel. — This  fine  color  is  almost  always  obtained  from  the  ox3rde  of  cobalt  m 
some  of  its  combinations,  and  it  produces  it  with  such  intensity  that  only  a  very  little  cn 
be  used,  lest  the  shade  should  pass  into  black.  The  cobalt  blue  is  so  rich  and  livelf 
that  it  predominates  in  some  measure  over  every  other  color,  and  masks  many  so  that 
they  can  hardly  be  perceived ;  it  is  also  most  easily  obtained.  To  bring  it  out,  however, 
in  all  its  beauty,  the  other  colors  must  be  removed  as  much  as  possible,  and  the  eobak 
itself  should  be  tolerably  pure.  This  metal  is  associated  in  the  best  known  ores  with  a 
considerable  number  of  foreign  substances,  as  iron,  arsenic,  copper,  nickel,  and  snlphir, 
and  it  is  difficult  to  separata  them  completely ;  but  for  enamel  blues,  the  oxyde  of  cobalt 
does  not  require  to  be  perfectly  free  from  all  foreign  metals;  the  iron,  nickel,  and  copper, 
being  most  prejudicial,  should  be  carefully  eliminated.  This  object  may  be  most  etat/ 
attained  by  dissolving  tlie  ore  in  nitiic  acid,  evaporating  the  solution  to  a  simpy  eoiisi»> 
tence,  to  expel  the  excess  of  acid,  and  separate  a  portion  of  arsenic.  It  is  now  dilold 
with  water,  and  solution  of  carbonate  of  soda  is  dropped  slowly  into  it  with  brisk  acti- 
tion,  till  the  precipitate,  which  is  at  first  of  a  whitish  gray,  begins  to  turn  of  a  rose^ 
Whenever  this  color  appears,  the  whole  must  be  thrown  on  a  filter,  and  the  liquid  whid 
passes  through  must  be  treated  with  more  of  the  carbonate  of  soda,  in  order  to  oblaii 
the  arseniate  of  cobalt,  which  is  nearly  pure.  Since  arsenic  acid  and  its  derivatives  sic 
not  capable  of  communicating  color  themselves,  and  as  they  moreover  are  volatile,  they 
cannot  impair  the  beauty  of  the  blue,  and  hence  this  preparation  aflbrds  it  in  great  pe^ 
fection. 

Metallie  fluxes  are  not  the  most  suitable  for  this  color ;  because  they  always  comina- 
nicate  a  tint  of  greater  or  less  force,  which  never  fails  to  injure  the  purity  of  the  Wne. 
Nitre  is  a  useful  addition,  as  it  keeps  the  oxyde  at  the  maximum  of  oxydation,  in  which 
state  it  produces  tlie  richest  color. 

Yellow  Enamel. — There  are  many  processes  for  making  this  color  in  enamel;  Iml  it 
is  somewhat  ditricult  to  fix,  and  it  is  rarely  obtained  of  a  uniform  and  fine  tint.  It 
may  be  produced  directly  with  some  preparations  of  silver,  as  the  phosphate  or  sulphate; 
but  this  method  does  not  always  succeed,  for  too  stronsr  a  heat  or  powerful  fluxes  rwidilf 
destroy  it,  and  nitre  Ls  particularly  prejudicial.  This  uncertainty  of  success  with  the 
salts  of  silver  causes  them  to  be  seldom  employed ;  and  oxydes  of  lead  and  antimony  an 
therefore  preferred,  which  aflbrd  a  fine  yellow  when  combined  with  some  oxydes  that  ait 
refractory  enouph  to  prevent  their  complete  vitrification.  One  part  of  white  oxyde  ef 
antimony  may  be  taken  with  from  one  to  three  parts  of  white  lead,  one  of  alum,  ad 
one  of  sal-ammoniac.  Each  of  these  substances  is  to  be  pulverized,  and  then  all  arete 
be  exactly  mixed,  and  exposed  to  a  heat  adequate  to  decompose  the  sal-ammoniac.  Thii 
operation  is  judi?ed  to  be  finished  when  the  yellow  color  is  well  brought  out.  There  ii 
produced  here  a  combination  quite  analogous  to  that  known  under  the  name  of  Naples 
yellow. 

Other  shades  of  yellow  may  be  procured  either  with  the  oxyde  of  lead  alone,  or  by 
adding  to  it  a  little  red  oxyde  of  iron ;  the  tints  varying  with  the  proportion  of  thi 
latter. 

Clouet  says,  in  his  memoir  on  enamels,  that  a  fine  yellow  is  obtained  with  pure  oxyde 
of  silver,  anil  that  it  is  merely  necessar>'  to  spread  a  thin  coat  of  it  on  the  spot  to  be  col- 
ored. The  piece  is  then  exposed  to  a  moderate  heat,  and  withdrawn  as  soon  as  this  hn 
reached  the  proper  point.  The  thin  film  of  metallic  silver  revived  on  the  surface  beiog 
removed,  the  place  under  it  will  he  found  tinged  of  a  fine  yellow,  of  hardly  any  thickoett. 
As  the  pellicle  of  silver  has  to  be  removed  which  covers  the  color,  it  is  requisite  to  avoid 
fixing  this  film  with  fluxes;  and  it  ought  therefore  to  be  applied  aAer  the  fusion  of  tbe 
rest.  The  yellows  require  in  general  little  flux,  and  they  answer  better  with  one  oft 
metallic  nature. 

Green  Enamel. — It  is  known  that  a  green  color  may  be  produced  by  a  mixture  of  yellov 
and  blue  ;  but  recourse  is  seldom  had  to  this  practice  for  enamels,  as  they  can  be  obuia- 
ed  almost  always  directly  with  the  oxyde  of  copper;  or  still  better  with  the  oxyde  of 
chrome,  which  has  the  advantage  of  resisting  a  strong  heat. 
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hemists  describe  two  oxydes  of  copper,  the  protoxyde,  of  an  orange  red  color,  which 
nunicates  its  color  to  enamels,  but  it  is  difficult  to  fix ;  the  deutoxyde  is  blue  in  the 
;  of  hydrate,  but  blackish-brown  when  dry,  and  it  colors  green  all  the  vitreous  com- 
lioos  into  which  it  enters.  This  oxyde  requires,  at  most,  one  or  two  proportions  of 
,  either  saline  or  metallic,  to  enter  into  complete  fusion ;  but  a  much  smaller  dose  is 
mooly  taken,  and  a  little  oxyde  of  iron  is  introduced.  To  four  pounds  of  frit,  for  in* 
ee,  two  ounces  of  oxyde  of  copper  and  48  grains  of  red  oxyde  of  iron  are  used  j  and 
ordinary  measures  are  pursued  for  makinsr  very  homogeneous  enamel, 
he  green  produced  by  the  oxyde  of  chrome  is  much  more  solid ;  it  is  not  affected  by  a 
erful  fire,  but  it  is  not  always  of  a  fine  shade.  It  generally  inclines  too  much  to  the 
l-leaf  yellow,  which  depends  on  the  degree  of  oxygenation  of  the  chrome. 
§d  Enamel. — We  have  just  stated  that  protoxyde  of  copper  afforded  a  fine  color 
Q  it  could  be  fixed,  a  result  difficult  to  obtain  on  account  of  the  fugitive  nature  of 
oxyde ;  slight  variations  of  temperature  enabling  it  to  absorb  more  oxygen.  The 
«r  point  of  fusion  must  be  seized,  for  taking  it  from  the  fire  whenever  the  desired 
r  is  brought  out.  Indeed,  when  a  high  temperature  has  produced  peroxydizement, 
may  be  corrected  by  adding  some  combustible  matter,  as  charcoal,  tallow,  tartar. 
The  copper  then  returns  to  its  minimum  of  oxydizement,  and  the  red  color  which 
vanished,  reappears.  It  is  possible,  in  this  way,  and  by  pushing  the  heat  a  little,, 
eeomplish  the  complete  reduction  of  a  part  of  the  oxyde  t  and  the  particles  of  metallic 
»er  thereby  disseminated  in  a  reddish  ground,  give  thi^  enamel  4he  as|>ect  of  the 
r  called  avauturine.  The  surest  and  easiest  method  of  procuring  protoxyde  of 
ler  is  to  boil  a  solution  of  equal  parts  of  sugar,  and  sulphate  or  rather  acetate  of 
>er,  in  four  parts  of  water.  The  sugar  takes  possession  of  a  portion  of  the  oxygen 
he  cupreous  oxyde,  and  reduces  it  to  the  protoxyde ;  when  it  may  be  precipitated  in 
form  of  a  granular  powder  of  a  brilliant  red.  AAer  about  two  hours  of  moderate 
iition,  the  liquid  is  set  aside  to  settle,  decanted  ofi*  the  precipitate,  which  is  washed 
dried. 

"his  pure  oxyde,  properly  employed  by  itself,  furnishes  a  red  which  vies  wiih  the  finest 
oine,  and  by  its  means  every  tint  may  be  obtained  from  red  to  orange,  by  adding  a 
Iter  or  smaller  quantity  of  peroxyde  of  iron. 

"he  preparations  of  gold,  and  particularly  the  oxyde  and  purple  of  Cassias,  are  like- 
5  employed,  with  advantage,  to  color  enamel  red,  and  this  composition  resists  a  power- 
fire  tolerably  well.  For  some  time  back,  solutions  of  gold,  silver,  and  platinum  have 
D  used  with  success  instead  of  their  oxydes ;  and,  in  this  way,  a  more  intimate  mix- 
!  may  be  procured,  and,  consequently,  more  homogeneous  tints. 
ilack  Enamel. — Black  enamels  are  made  with  peroxyde  of  manganese  or  protoxyde  of 
I ;  to  which  more  depth  of  color  is  given  with  a  little  cobalt.  Clay  alone,  melted 
h  about  a  third  of  its  weight  of  protoxyde  of  iron,  gives,  according  to  Clouet,  a  fin* 
:k  enamel. 

'ioki  Enamel. — ^The  peroxyde  of  manganese  in  small  quantity  by  itself  fumisheSy 
h  saline  or  alkaline  fluxes,  an  enamel  of  a  very  fine  violet  Hue ;  and  variations  of 
de  are  easily  had  by  modifying  the  proportions  of  the  elements  of  the  colored 
.  The  great  point  is  to  maintain  the  manganese  in  a  state  of  peroxydation,  and  con- 
nently  to  beware  of  placing  the  enamel  in  contact  wiih  any  substance  attractive  of 
gen. 

I«eh  are  the  principal  colored  enamels  hitherto  obtained  by  means  of  metallic  oxydes; 
since  the  number  of  these  oxydes  is  increasing  every  day,  it  is  to  be  wished  that  new 
k  be  made  with  such  as  have  not  yet  been  employed.  From  such  researches  some 
{resting  results  would  unquestionably  be  derived. 

If  pain'ing  on  Enamel. — Enamelling  is  only  done  on  gold  and  copper;  for  silver  swells* 
and  causes  blisters  and  holes  in  the  coat  of  enamel.  All  enamel  paintings  are,  in 
done  on  copper  or  gold. 
!1ie  goldsmith  prepares  the  plate  that  is  to  be  painted  upon.  The  gold  should  be  22 
its  fine :  if  purer,  it  would  not  be  sufficiently  stifif ;  if  coarser,  it  would  be  subject  to 
;t ;  and  its  alloy  should  be  half  white  and  half  red,  that  is,  half  silver  and  half  copper; 
ereby  the  enamel  with  which  it  is  covered  will  be  less  disposed  to  turn  green,  than  if 
alloy  were  entirely  copper. 

The  workman  must  reserve  for  the  edge  of  the  plate  a  small  fillet,  which  be  calls  the 
Icr.  This  ledge  serves  to  retain  the  enamel,  and  hinders  it  from  falling  off  when 
ilied  and  pressed  on  with  a  spatula.  When  the  plate  is  not  to  be  counter-enamelled,  it 
old  be  charged  with  less  enamel,  as,  when  exposed  to  heat,  the  enamel  draws  up  Uie 
1  to  itself,  and  makes  the  piece  convex.  When  the  enamel  is  not  to  cover  the  whole 
Ic^  it  becomes  necessary  to  prepare  a  lodgment  for  it.  With  this  view,  all  the  out- 
•s  of  the  figure  are  traced  on  the  plate  with  a  black-lead  pencil,  after  which  recouna 
lad  to  the  graver. 

The  whole  space  enclosed  by  the  outlines  must  be  hollowed  oat  in  bat^itf^  of  a 
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depth  equal  to  the  height  of  the  lUlet»  had  the  pble  hen  mUMtf  mammUnli  lib 
linkiiig  of  the  toHhce  miut  he  doM  with  e  flet  gtmr  •§  eqpdly  m  pOHiUei  Ar  f 
there  be  an  eiiuiieace»  the  enamel  would  be  weaker  at  that  poiat,  aid  the  fraea  wmM 
appear.  Some  artists  hatch  the  bottom  of  the  hoDow  with  eiooe  Uaei»  whieh  cmsaA 
other  m  all  directions;  and  others  make  lines  or  scratches  with  the  end  of  a  He  Inha 
off  square.  The  hatiBhings  or  scratches  lay  hold  of  the  eaamd^  wUdi  night  uihiiahi 
separate  from  the  plate.  After  this  opoatioB^the  ptete  is  iliand  by  boffiigth 
an  alkaline  ley,  and  it  is  washed  first  with  a  little  weak  vinegar,  and  tiM  with  dv 
water. 

The  plate  thus  prepared  is  to  be  corned  with  a  eoat  of  white  eBamd,  vUeh  IsIm 
by  braising  a  piece  of  enamel  ia  an  agate  or  poreriain  novtar  to  a  eoane  |iowdg  Wtt 
sand,  washing  it  well  with  water,  and  applying  it  in  the  hoDow  part  in  its  msist  M. 
The  plate  may  meanwhile  be  held  in  an  ofdinaryforeeps.  The  csiiuiiel  powder  is  ipmi 
with  a  spatuk.  For  condensing  the  enamel  powder,  the  edges  of  tha  pialfl  an  mnA 
with  this  spatohu 


Whenerer  the  piece  is  dry,  it  is  placed  oa  a  dip  of  sheet  irpa  perftmted  witti  seionl 
small  holes,  see  fig,  375,  which  is  laid  on  hot  dnderst  and  it  is  left  there  natfl  It  easMi 
to  steam.  It  must  be  kept  hot  till  it  goes  to  the  fire;  for  were  it  allowed  to  cool  ItwnH 
become  necessary  to  heat  it  again  very  gndnally  at  the  moath  of  the  fomaee  of  MB^ 

to  prevent  the  enamel  from  decrepitating  and  fiytng  oS. 


Before  describing  the  manner  of  exposing  the  piece  to  the  fire,  we  must  explain  tbi 
conslraction  of  the  furnace.  Ii  is  square,  and  is  shown  in  front  elevatioa  in  fig.  87i 
It  consisU  of  two  pieces,  the  lower  part  a,  or  the  body  of  the  furaace,  and  the  upper  pOl 
B,  or  the  capital,  which  is  laid  on  the  lower  part  as  is  shown  in  fik,  ZTI,  whm  thsA 
two  parts  are  separately  represented.  The  furnace  is  made  of  good  fire-clay,  moderatdlr 
baked,  and  resembles  very  closely  the  assay  or  copellation  fnrnace.  Its  inside  dimeanoM 
are  9  inches  in  width ;  13  inches  in  height  in  the  body,  and  9  in  the  capital.  Its  geaod 
thickness  is  2  inches. 

The  capiul  has  an  aperture  or  door  c,  fig.  376,  which  is  doted  by  a  fiieMck  stoppff 
when  the  fire  is  to  be  made  active.  By  this  door  fad  is  sopplied. 
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of  the  faniaee  has  likewise  a  door  d,  which  reaches  down  to  the  projecting 
I  the  bib  {mentonnUrt),  whose  prominence  is  seen  at  fig.  376.  This 
Mted  and  secured  by  the  two  brackets  r,  f  ;  the  whole  being  earthenware, 
'the  door  d  is  abridged  by  a  peculiar  fire-brick  g,  which  not  only  covers  the 
lion  of  the  shelf  e,  but  enters  within  the  opening  of  the  door  d,  filling  its 
advancing  into  the  same  plane  with  the  inner  surface  of  the  furnace.  This 
d  the  hearth ;  its  purpose  will  appear  presently ;  it  may  be  taken  ont  and 
ensure,  by  laying  hold  of  the  handle  in  its  front. 

ihdf  E,  a  square  hole,  h,  is  seen,  which  serves  for  admitting  air,  and  Ibr 
e  ashes.  Similar  holes  are  left  upon  each  side  of  the  furnace,  as  is  shown 
plan  of  the  base,  fig.  377,  at  h  h  h. 

with  the  shelf,  in  the  interior  of  the  fnmaee,  a  thin  fire-tile  I  rests,  perfo- 
merous  small  holes.  This  is  the  grate  represented  in  a  ground  Tiew  in  fig» 
78, 379, 380,  represent,  under  different  aspects,  the  muf&e.  Fig,  377  shows 
of  its  further  end ;  fig,  379  its  sides ;  and  j^.  380  its  front  part  At  J,fi^. 
ie  is  seen  in  its  place  in  the  furnace,  resting  on  two  bars  of  iron,  or,  still 
ges  of  fire-clay,  supported  on  brackets  attached  to  the  lateral  sides  of  the 
e  muffle  is  made  of  earthenware,  and  as  thin  as  possible.  The  fuel  consists 
wood,  or  oaken  branches,  about  an  inch  in  diameter,  cut  to  the  length  of  9 
ler  to  be  laid  in  horizontal  strata  within  the  furnace,  one  row  only  being 
the  muffle.  When  the  muffle  has  attained  to  a  while-red  heat,  the  sheet 
iring  its  enamel  pUite,  is  to  be  introduced  with  a  pair  of  pincers  into  the 
aufiie,  and  gradually  advanced  towards  its  further  end.  The  mouth  of  the 
«  then  closed  with  two  pieces  of  charcoal  only,  between  which  the  artist 
progress  of  the  operation.  Whenever  the  enamel  begins  to  fiow,  the  tray 
•d  round  on  its  base  to  ensure  equality  of  temperature ;  and  as  soon  as  the 
>  is  melted,  the  tray  must  be  withdrawn  with  its  plate,  but  slowly,  lest  the 
er  be  cracked  by  sudilen  refrigeration. 

>1  piatp,  when  cold,  is  to  be  washed  in  rery  dilute  nitric  acid,  and  after- 
water,  and  a  second  coat  of  granular  enamel  paste  is  to  be  applied,  wiUi 
precautions.  This,  being  passed  through  the  fire,  is  to  be  treated  in  the 
.hird  time,  when  the  process  will  be  found  complete.  Should  any  chinks 
le  enamel  coat,  they  must  be  widened  with  a  graver,  and  the  space 
rilh  ground  enamel,  is  to  be  repaired  in  the  muffle.  The  plate,  covered 
rhite  enamel,  requires  always  to  be  polished  and  smoothed  with  sandstone 
irticularly  if  the  article  have  a  plane  surface;  and  it  is  then  finally  glaz^ 

ig  operation  now  follows.  The  artist  prepares  ftis  enamel  colors  by  ponnd- 
n  agate  mortar,  with  a  pestle  of  agate,  and  grinding  them  on  an  agate  slab^ 
vender,  rendered  viscid  by  exposure  to  the  sun  in  a  shallow  vessel,  loosely 
gauze  or  glass.  The  grinding  of  two  drachms  of  enamel  pigment  into  an 
>wder,  will  occupy  a  laborer  a  whole  day.  The  painter  should  have  along- 
stove  in  which  a  moderate  fire  is  kept  up,  for  drying  his  work  whenever 
e  finished.    It  is  then  passed  through  the  muffle. 

^  at  the  Lamp. — ^The  art  of  the  lamp  enameller  is  one  of  the  most  agreeable 
that  we  know.   There  is  hardly  a  subject  in  enamel  which  may  not  be 

:he  lamp-fiame  in  very  little  time,  and  more  or  less  perfectly,  according  to 

of  the  artist,  and  his  acquaintance  with  the  principles  of  modelling, 
at  the  lamp,  tubes  and  rods  of  glass  and  enamel  must  be  provided,  of  all 

irs. 

Uing  table  is  represented  in  fig.  373,  round  which  several  workmen,  with 
nay  be  placed,  while  the  large  double  bellows  d  below  is  set  a-blowing  by  a 
I  with  the  foot.  The  flame  of  the  lamp,  when  thus  impelled  by  a  powerful 
[oires  surpriMng  intensity.  The  bent  nozzles  or  tubes,  A  A  a  a,  are  made 
are  drawn  to  points  modified  to  the  purpose  of  the  enameller. 
lows,  in  perspective,  the  lamp  a  of  the  enameUer  standing  in  its  cistern  ■ ; 

c  is  seen  projecting  its  flame  obliquely  upwards.  The  blowpipe  is  adjust- 
stic  cork  d,  which  fills  up  exactly  the  hole  of  the  table  into  which  it  enters, 
le  person  is  to  work  at  a  table  provided  with  several  lamps,  he  sits  down  at 

with  the  pedal  of  the  bellows ;  he  takes  out  the  other  blowpipes,  and  plugs 
he  table  with  solid  corks. 

8  made  of  copper  or  tin-plate,  the  wick  of  cotton  threads,  and  either  tallow 
;  used.   Between  the  lamp  and  the  workman  a  small  board  or  sheet  of 
called  the  screen,  is  interposed  to  protect  his  eyes  from  the  glare  of  light, 
fastened  to  the  table  by  a  wooden  stem,  and  it  throws  its  shadow  on  his 
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EQUIVALENTS,  CHEMICAL. 


The  enamelling  workshop  ought  to  admit  little  or  no  daylight,  olherwiae  the  artii^  m 
perceiving  his  flame  distinctly,  would  be  apt  to  commit  mistakes. 

It  is  impossible  to  describe  all  the  manipulations  of  this  ingenious  art,  ofer  wlidi 
taste  and  dexterity  so  entirely  preside.  But  we  may  give  an  example.  Suppose  tke 
enameller  wishes  to  make  a  swan.  He  takes  a  tube  of  white  enamel,  seals  oae  cf 
its  ends  hermetically  at  his  lamp,  and  while  the  matter  is  sufficiently  hot,  he  blowiii 
it  a  minikin  flask,  resembling  the  body  of  the  bird ;  he  draws  out,  and  gracefully  hak 
the  neck ;  he  shapes  the  head,  the  beak,  and  the  tail ;  then,  with  slender  enamel  lok 
of  a  proper  color,  he  makes  the  eyes;  he  next  opens  up  the  beak  with  yaittai 
scissors ;  he  forms  the  wings  and  the  legs ;  finally  attaching  the  toes,  the  bird  ttmk 
complete. 

The  enameller  also  makes  artificial  eyes  for  human  beings,  imitating  so  peiiecllytk 
colors  of  the  sound  eye  of  any  individual,  as  to  render  it  difficult  to  discover  that  he  hn 
a  blind  and  a  seeing  one. 

It  is  diflicult  to  make  lanre  articles  at  the  blowpipe ;  those  which  aorpass  5  or  6  iada 
become  nearly  unmanageable  by  the  most  expert  workman. 

EPSOM  SALTS.   Sulphate  of  Magnesia. 

EQUIVALENTS,  CHEMICAL.  {StbchiomtlrU,  Germ.)  This  expression  wu  fm 
employed  by  Dr.  Wollastnn,  to  denote  the  primary  proportions  in  which  the  virioei 
chemical  bodies  reciprocally  combine;  the  numbers  representing  thei^  propoftioii 
being  referred  to  one  standard  substance  of  general  interest,  such  as  oxygen  or  bydrogci 
reckoned  unity,  or  1,000.  Dr.  Dalton,  who  is  the  true  author  of  the  grand  diseoray 
of  definite  and  multiple  chemical  ratios,  calls  these  equivalent  numbers  atomic  vnf'^ 
when  reduced  to  their  lowest  terms,  either  hydrosen  or  oxygen  being  the  radix  of  ik 
scale.  Though  it  belongs  to  a  chemical  work  to  discuss  the  principles  and  develop  the 
applications  of  the  Atomic  Theory,  I  shall  be  careful,  upon  all  proper  occasiooi,  to 
point  out  the  vast  advantages  which  the  chemical  manufacturer  may  derive  from  it,  ti^ 
to  show  how  much  he  may  economize  and  improve  his  actual  processes  by  its  metu. 
See  Element. 

ESSENCES  are  either  ethereous  oils,  in  which  all  the  fragrance  of  vegetable  prododi 
reside ;  or  the  same  combined  and  diluted  with  alcohol.   See  Oils,  Ethekeous. 

ESSENCE  D'ORIENT,  the  name  of  a  pearly  looking  matter  procured  from  tke 
blay  or  bleak,  a  fish  of  the  genus  cyprinus.  This  substance,  which  is  found  prineiptDy 
at  the  base  of  the  scales,  is  used  in  the  manufacture  of  artificial  pearls.  A  large  qui* 
tity  of  the  scales  being  scraped  into  water  in  a  tub,  are  there  rubbed  between  the  hindi 
to  separate  the  shining  stuff*,  which  subsides  on  repose.  The  first  water  being  decanted, 
more  is  added  with  agitation  till  the  essence  is  thoroughly  washed  from  all  impurities; 
when  the  whole  is  thrown  upon  a  sieve ;  the  substance  passes  through,  but  the  sctlei 
are  retained.  The  water  bein?  decanted  off,  the  essence  is  procured  in  a  viscid  stite,of 
a  bliiish  white  color,  and  a  pearly  aspect.  The  intestines  of  the  same  fish  are  tlso 
covered  with  this  beautiful  glistening  matter.  Several  other  fish  yield  it,  but  in  smaller 
proportion.  When  well  prepared,  it  presents  exactly  the  appearance  and  reflections  of 
the  real  pearls,  or  the  finest  mother  of  pearl;  properties  which  are  probably  owing  to  tke 
interposition  of  some  portions  of  this  same  substance,  between  the  laminae  of  tkese 
shelly  concretions.  Its  chemical  nature  has  not  been  investigated ;  it  putrefies  resdilj 
when  kept  moist,  an  accident  which  may,  however,  b^  counteracted  by  water  of  UM*- 
nia.    See  Pearls. 

ETCHING  Varnish,  (Jetzgrund-Dcckfimiss,  Germ.)  Though  the  practice  of  ikis 
eirsant  art  does  not  come  within  the  scope  of  our  Dictionary,  the  preparation  of  the  tv* 
nishes,  and  of  the  bitini;  menstrua  which  it  employs,  legitimately  does. 

The  varnish  of  Mr.  Lawrence,  an  Enclish  artist  resident  in  Paris,  is  made  as  foltewi: 
Take  of  virgin  wax  and  asphaltum,  each  two  ounces,  of  black  pitch  and  burgundy-pitck 
each  half  an  ounce.  Melt  the  wax  and  pitch  in  a  new  earthenware  glazed  pot,  ind  add 
to  them,  by  degrees,  the  asphaltum,  finely  powdered.  Let  the  whole  boil  till  such  tioe 
as  that,  takin?  a  drop  upon  a  plate,  it  will  break  when  it  is  cold,  on  bending  it  dookk 
two  or  three  times  betwixt  the  fingers.  The  varnish,  being  then  enough  boiled,  must  be 
taken  off  the  fire,  and  after  it  cools  a  little,  must  be  poured  into  warm  water  that  it  miT 
work  the  more  easily  with  the  hands,  so  as  to  be  formed  into  balls,  which  most  be 
kneaded,  and  put  into  a  piece  of  taffiety  for  use. 

Care  must  be  taken,  first,  that  the  fire  be  not  too  violent,  for  fear  of  bumiof  tke 
ingredients,  a  slight  simmering  being  sufficient;  secondly,  that  whilst  the  asphaltum  ii 
putting  in,  and  even  after  it  is  mixed  with  the  mgre<lienls,  they  should  be  stirred  eot- 
tinually  with  the  spatula;  and  thirdly,  that  the  water  into  which  this  compositioD  ii 
thrown  should  be  nearly  of  the  same  degree  of  warmth  with  it,  in  order  to  preveat  • 
kind  of  cracking  that  happens  when  the  water  is  too  cold. 

The  varnish  ought  always  to  be  made  harder  in  summer  than  in  winter,  and  it 
become  so  if  it  be  sufifcred  to  boil  longer,  or  if  a  greater  proportk>n  of  the  asphaltsn  fl^ 
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brown  min  be  used.  The  experiment  above  mentioned,  of  the  drop  tnffered  to  eool, 
will  determine  the  degree  of  hardneM  or  soAness  that  may  be  suitable  to  the  season 
when  it  is  ased. 

Preparation  of  the  hard  yamish  used  by  Callot,  commonly  called  the  Florence  Var- 
nish : — Take  four  ounces  of  fat  oil  very  clear,  and  made  of  good  linseed  oil,  likenhat 
used  by  painters ;  heat  it  in  a  clean  pot  of  glazed  earthenware,  and  afterwards  put  to  it 
four  ounces  of  mastick  wdl  powdered,  and  stir  the  mixture  briskly  till  the  whole  be  well 
melted,  then  pass  the  mass  through  a  piece  of  fine  linen  into  a  glass  bottle  with  a  long 
neck,  that  can  be  stopped  very  securely ;  and  keep  it  for  the  use  that  will  be  explained 
below. 

Method  of  applying  the  soft  varnish  to  the  plate,  and  of  blackening  it : — ^The  plate 
being  well  polished  and  burnished,  as  also  cleansed  from  all  greasiness  by  chalk  or  Span- 
ish white,  fix  a  hand-vice  on  the  edge  of  the  plate  where  no  work  is  intended  to  be,  to  « 
serve  as  a  handle  for  managing  it  when  waim*;  then  put  it  upon  a  chafing  dish,  in  which 
there  is  a  moderate  fire,  and  cover  the  whole  plate  equally  with  a  thin  coat  of  the  var- 
nish ;  and  whilst  the  plate  is  warm,  and  the  varnish  upon  it  in  a  fluid  state,  beat  every 
part  of  the  varnish  gently  with  a  sinall  ball  or  dauber  made  of  cotton  tied  up  in  taflety, 
which  operation  smooths  and  distributes  the  varnish  equally  over  the  plate. 

When  the  plate  is  thus  uniformly  and  thinly  covered  with  the  varnish,  it  must  be 
blackened  bf  a  piece  of  flambeau,  or  of  a  large  candle  which  aiTords  a  copious  smoke ; 
sometimes  two  or  even  four  such  candles  are  used  together  fur  the  sake  of  despatch,  that 
the  varnish  n.ay  not  grow  cold,  which  if  it  does  during  the  operation,  the  plate  must  be 
heated  again,  that  it  may  be  in  a  melted  state  when  that  operation  is  performed ;  but 
great  care  must  be  taken  not  to  burn  it,  which,  when  it  happens,  may  be  easily  perceived 
by  the  varnish  appearing  burnt,  and  losing  its  gloss. 

The  menstruum  used  and  recommended  by  Turrell,  an  eminent  London  artist,  for 
etching  upon  steel,  was  prepared  as  follows : — 

Take  Pyroligneous  acid  4  parts  by  measure. 
Alcohol  1  part,  mix,  and  add 

Nitric  acid  1  part. 

This  mixed  liquor  is  to  be  applied  from  1|  to  15  minutes,  according  to  the  depth 
desired.  The  nitric  acid  was  employed  of  the  strength  of  l*28-~the  double  aquafortis  of 
the  shops. 

The  eau  /orie  or  menstruum  for  copper,  used  by  Collot,  as  also  by  Piranesi,  with  a  slight 
modification,  is  prepared  with  8  parts  of  strong  French  vinegar, 
4  parts  of  verdigris, 
4  ditto  sea  salt, 
4  ditto  sal  ammoniac, 
1  ditto  alum, 
16  ditto  water. 

The  solid  substances  are  to  be  well  ground,  dissolved  in  the  vinegar,  and  diluted  with 
the  water ;  the  mixture  is  now  to  be  boiled  for  a  moment,  and  then  set  aside  to  cooL 
This  menstruum  is  applied  to  the  washed,  dried,  and  varnished  plate,  after  it  has  suf- 
fered the  ordinary  action  of  aquaf  :rtis,  in  order  to  deepen  and  finish  the  delicate  touches. 
It  is  at  present  called  the  eau  forte  a  passer. 

ETHER  is  the  name  of  a  class  of  very  light,  volatile,  inflammable,  and  fragrant 
spirituous  liquids,  obtained  by  distilling,  in  a  ^lass  retort,  a  mixture  of  alcohol  with 
almost  any  strong  acid.  Every  acid  modifies  the  result,  in  a  certain  degree,  whence 
•everal  varieties  of  ether  are  produced.  The  only  one  of  commercial  importance  is 
flolphuric  ether,  which  was  first  made  known  under  the  name  of  tweet  oil  of  vitriol^ 
m  1540,  by  the  receipt  of  Walterus  Cordus.  Froberus,  190  years  after  that  date, 
directed  the  attention  of  chemists  afresh  to  this  substance,  under  the  new  denomination 
of  etfur. 

There  are  two  methods  of  preparing  it ;  by  the  first,  the  whole  quantity  of  acid  and 
alcohol  are  mixed  at  once,  and  directly  subjected  to  distillation ;  by  the  second,  the  alco- 
hol is  admitted,  in  a  slender  streamlet,  into  a  body  of  acid  previously  mixed  with  a  little 
aleohol,  and  heated  to  220^  Fahr. 

1.  Mix  equal  weighu  of  alcohol  at  spec.  grav.  0*830,  and  sulphuric  acid  at  1-842,  by 
introducing  the  former  into  a  large  tubulated  retort,  giving  it  a  whirling  motion,  so 
that  the  alcohol  may  revolve  round  a  central  conical  cavity.  Into  this  species  of  whirl- 
pool the  acid  is  to  be  slowly  poured.  The  mixture,  which  becomes  warm,  is  to  be 
Ibrthwith  distilled  by  attaching  a  spacious  receiver  to  the  retort,  and  applying  the  heat 
of  a  sand-bath.  The  formation  of  ether  takes  place  otAy  at  a  certain  temperature.  If 
the  contents  of  the  retort  be  allowed  to  coo<,  and  be  then  slowly  heated  in  a  water-bath, 
aleohol  alone  will  come  over  for  some  time  without  ether,  till  the  mixture  acquires  the 
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proper  decnre  of  heat.  The  first  receiver  should  be  a  globe^  with  •  tube  pfDceriag 
from  its  hottom,  into  a  serond  recfiver,  of  a  cylindric  shape,  tonounded  with  ice-coll 
water.  The  joints  must  be  well  secured  by  lutes,  aAer  the  expanded  air  has  bm 
allowed  to  (>$cape.  The  liquid  in  the  retort  should  be  kept  in  a  steady  state  nf  ebulli- 
tion. The  ether,  as  long  as  it  is  produced,  condenses  in  the  balloon  and  neck  of  tke 
receiver  in  siriiB ;  when  these  disappear  the  process  is  completed.  The  retort  most  nov 
be  removed  from  the  sand  ;  otherwise  it  would  become  filled  with  white  fames  contain 
injfr  sulphurous  acid,  and  denser  stria:  would  flow  over,  which  wouU  contaminaie  tke 
light  product  with  a  liquid  called  sweet  oil  of  wine. 

The  theory  of  etherification  demonstrates  that  when  strong  sulphuric  acid  is  mixei 
with  alcohol,  there  is  formed,  on  the  one  hand,  a  nx>re  aqueous  sulphuric  acid,  and,  oa 
the  other,  sulphovinic  acid.  When  this  mixture  is  made  to  boil,  the  sulphovinic  acid  ii 
decomposed,  its  dihydrate  of  carbon  combines  with  the  alcohol,  and  constitutes  ether; 
while  the  proportion  of  sulphovinic  acid  progressively  diminishes.  Mr.  Hennell,  of  tke 
Apothecaries'  Hall,  first  explained  these  phenomena,  and  he  was  confirmed  in  his  xityn 
by  the  interesting  researches  of  SeruUas.  The  acid  leil  in  the  retort  is  usually  of  a 
black  color,  and  may  be  employed  to  convert  into  ether  half  as  much  alcohol  again ;  u 
experiment  which  may  be  repealed  several  times  in  succession. 

The  most  profitable  way  of  manufacturing  ether  has  been  pointed  cat  by  Boallay. 
It  consists  in  letting  the  alcohol  diop  in  a  slender  stream  into  the  acid,  previously  heated 
to  the  etherifyinv  temperature.  If  the  acid  in  this  case  were  concentrated  to  1-846,  tke 
reaction  would  be  too  violent,  and  the  ethei  would  be  transformed  into  bicarboretcd 
hydrogen  (dihydrate  of  carbon).  It  is  therefore  necessary  to  dilute  the  acid  down  to 
the  density  of  1*780;  but  this  dilution  may  be  preferably  eflected  with  alcohol,  instead  cf 
water,  by  mixing  three  parts  of  the  strongest  acid  with  2  of  alcohol,  specific  graritr 
O'SIU),  nnd  distilling  ofifa  portion  of  the  ether  thereby  generated ;  after  which  the  streto 
of  alcohol  is  to  be  introduced  into  the  tubulure  of  the  retort  through  a  small  cla»  tube 
plunu'ed  into  the  mixture;  this  tube  being  the  prolongation  of  a  metallic  syphon,  whose 
shorter  leg  dips  into  a  bottle  filled  with  the  alcohol.  The  longer  leg  is  furnished  with  t 
stop-rock,  for  regulating  at  pleasure  the  alcoholic  streamlet.  The  distilled  vapurs  shoald 
be  tmiKiiiitled  through  a  worm  of  pure  tin,  surrounded  by  cold  water,  and  the  condensed 
fluid  reccive<l  in  a  glass  bottle.  The  quantity  of  alcohol  which  can  be  thus  converted 
into  ether  by  a  given  weight  of  sulphuric  acid,  has  not  hitherto  been  accurately  dete^ 
mined  ;  but  it  is  at  least  double.  In  operating  in  this  way,  neither  sulphurous  acid  nor 
sweet  oil  of  wine  is  ceneraled,  while  the  residuary-  liquid  in  the  retort  continues  limpid 
and  of  n  mrrely  brownish  yellow  color.  No  sulphovinic  acid  is  formed,  and  acconlinrto 
llie  rxprriinenls  of  (ieicer,  the  pro|Kirtion  of  ether  approaches  to  what  iheorj-  shows  to 
be  ihf  maximum  amount.  In  fact,  57  parts  of  alcohol  of  ()-H3  sp.  grav.  being  equiva- 
lent to  4fi*H  parts  of  anhydrous  alcohol,  yield,  according  to  Geiger,  33 J  parts  of  clhcr; 
and  by  calcninlion  they  should  yield  37J. 

The  ether  of  the  first  distillation  is  never  pure,  but  always  contains  a  certain  quantity 
of  alcohol.  The  density  of  that  product  is  usually  0-7S,  nnd  if  prepared  by  the  first  of 
the  above  methtwls,  contains,  besides  alcohol,  pretty  frequently  sulphurous  acid,  aod 
sweet  oil  of  wine ;  impurities  from  which  it  must  be  freed.  Being  agitated  with  its 
bulk  of  milk  of  lime,  both  the  acid  and  the  alcohol  are  removed  at  the  same  lime ;  aod 
if  ii  he  then  decanted  and  agitated,  first  with  its  bulk  of  water,  next  decanted  into  t 
ret(»r!  cnntaininc  chloride  of  calcium  in  coarse  iwwder,  and  distilled,  one  third  of  per- 
fectly pure  ether  may  be  drawn  over.  Gay  Lussac  recommends  to  agitate  the  etJier, 
first  wiih  twice  its  volume  of  water,  to  mix  it,  and  leave  it  in  contact  with  powdered 
unslakefj  lime  for  12  or  14  hours,  and  then  to  distil  oflT  one  third  of  pure  ether.  The 
remaining  two  thirds  consist  of  ether  conlainin?  a  little  alcohol.  If  in  preparing  ether 
by  Boullay's  methrxl,  the  alcohol  be  too  rapidly  introduced,  much  of  this  li/juid  will 
come  over  unchnnLM^i.  If  in  this  state  the  ether  be  shaken  with  water,  a  notable  quan- 
tity of  it  will  be  absorbed,  because  weak  alcohol  dissolves  it  very  copiously.  The  above 
product  shjjuld  iheref<ire  be  re-dislilled,  and  the  first  half  that  comes  over  may  be  con- 
sidered as  ether,  and  treated  with  water  and  lime.  The  other  half  must  be  exposed 
afresh  to  the  action  of  sulphuric  acid. 

Pure  ether  possesses  the  followine  properties.  It  is  limpid,  of  spec.  grav.  0*713,  or 
0-7 16  at  ♦JO-';  has  a  peculiar  penetrating  strong  smell;  a  taste  at  first  acrid,  burning, 
sweetish,  and  finally  cooling.  It  has  neither  an  acid  nor  alkaline  reaction ;  is  a  noa- 
conductor  of  electricity,  and  refracts  light  strongly.  It  is  very  volatile,  boiling  at 
96**  or  K.,  and  produces  by  its  evaporation  a  great  degree  of  cold.  At  the  tem- 
perature of  H*2'4,  the  vapor  of  ether  balances  a  column  of  mercury  15  inches  high, 
or  half  the  weight  of  the  atmosphere.  When  ether  is  cooled  to  — 24®  F.  it  begins  to 
crj'stallize  in  brilliant  white  plates,  and  at  — ■17°  it  becomes  a  white  cr}'stalline  solid. 
When  vapor  of  other  is  made  to  traverse  a  red  hot  iwrcelain  tube,  it  deposites  within  it 
one  half  percent,  of  charcoal,  and  there  are  condensed  in  the  receiver  one  and  two  thirdf 
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per  cent,  of  a  brown  oil,  partly  in  crystalline  scales,  and  partly  viscid.  The  crystalline 
portion  is  soluble  in  aleohol,  but  the  viscid  only  in  ether.  The  remainder  of  the  decom- 
posed elher  consists  of  bi -carbureted  hydrogen  gas,  tetrahydric  carburet,  carbonic  oxyde 
gas,  and  one  per  cent  at  most  of  gaseous  carbonic  acid. 

Ether  takes  fire  readily,  even  at  some  distance  from  a  flame,  and  it  should  not  there- 
fore be  poured  from  one  vessel  to  another  in  the  neighborhood  of  a  lighted  candle.  It 
may  be  likewise  set  on  fire  by  the  electric  spark.  It  burns  all  away  with  a  bright  fuligi- 
nous flame.  When  the  vapor  of  ether  is  mixed  with  10  times  its  volume  of  oxygen,  it 
burns  with  a  violent  explosion,  absorbs  6  times  its  bulk  of  oxygen,  and  produces  4  times 
its  volume  of  carbonic  acid  gas. 

Ether  alters  gradually  with  contact  of  air ;  absorbing  oxygen,  and  progressively  chang- 
ing into  acetic  acid  and  water.  This  conversion  takes  place  very  rapidly  when  the  ether 
is  boiled  in  an  open  vessel,  while  the  acid  enters  into  a  new  combination  forming  acetic 
ether.  Ether  should  be  preserved  in  bottles  perfectly  full  and  well  corked,  and  kept  in 
a  eool  place,  otherwise  it  becomes  sour,  and  is  destroyed.  In  contains  in  this  state  15  per 
cent,  of  its  bulk  of  azote,  but  no  oxygen  gas,  as  this  has  combined  with  its  elements. 
Ether  is  composed  of  oxygen  21*24;  hydrogen  13*85;  carbon  65*05.  This  composi- 
tion may  be  represented  by  1  prime  equivalent  of  water,  and  4  primes  of  bi-carburetted 
hydrogen  gas;  in  other  words,  ether  contains  for  1  prime  of  water,  once  as  much  oleflant 
gas  as  alcohol,  and  its  prime  equivalent  is  therefore  468*15  to  oxygen  100.  By  my  ana- 
lysis, as  pnbliiibcd  in  the  Phil.  Trans,  for  1822,  other  is  comiKtsed  of  oxygen  27*10;  hy- 
drogen 13*3;  and  carbon  59*6  in  100  parts.  The  density  of  my  ethier  was  0*700. 
One  volume  of  vapor  of  ether  consists  of  one  volume  of  aqiieous  vapor  and  two 
Tolumes  of  olcfiant  gas  (bi-carbureted  hydrogen),  while  alcohol  consists  of  two  volumes 
of  each. 

•  ETHKR,  ACETIC,  is  used  to  flavor  silent  corn  spirits  in  makin?  imitation  brandy.  It 
may  be  prepared  by  mixing  20  parts  of  acetate  of  lead,  10  parts  of  alcohol,  and  lll/)f 
concentrated  sulphuric  acid;  or  16  of  the  anhydrous  acetate,  5  of  the  acid,  and  4i  of  ab- 
solute alcoliol ;  distilling  the  mixture  in  a  glass  retort  into  a  very  cold  receiver,  agitating 
along  with  weak  potash  ley  the  liquor  which  comes  over,  decanting  the  supernatant  ether, 
and  rectifying  it  by  re -distillation  over  magnesia  and  ground  charcoal. 

Acetic  ether  is  a  colorless  liquid  of  a  fragrant  smell  and  pungent  taste,  of  spec.  grav. 
0*866  at  45^  F.,  bailing  at  166°  F.,  burning  with  a  yellowish  flame,  and  disengaging  fumes 
of  acetic  acid.    It  is  soluble  in  8  parts  of  water. 

Acetic  other  may  be  economically  made  with  3  parts  of  acetate  of  potash,  3  of  very 
fitrong  alcohol,  and  2  of  the  stron^jest  sulphuric  acid,  distilled  together.  The  first  product 
must  be  re-distilled  along  with  one  fifth  of  its  weight  of  sulphuric  acid ;  as  much  ether 
will  be  obtained  as  there  was  alcohol  employed. 

ETHIOPS  is  the  absurd  name  given  by  the  alchemists  to  certain  black  metallic  prepar- 
ations. Martial  ethiops  was  the  black  oxyde  of  iron  ;  mineral  ethiops,  the  black  sulphuret 
of  mercury;  and  ethiops  per  ae,  the  black  oxyde  of  mercury. 

EVAPOUATIOX  (Eng.  and  Fr. ;  Mdampfen;  M'lunslen,  Germ.)  is  the  process  by 
which  any  substance  is  converted  into,  and  carried  off  in,  vapor.  Though  ice,  camphor, 
and  many  other  solids  evaporate  readily  in  dry  air,  I  shall  consider,  at  present,  merely  the 
▼mporization  of  water  by  heat  artificially  applied. 
m  The  vapor  of  water  is  an  elastic  fluid,  whose  tension  and  density  depend  upon  the 
temperature  of  the  water  with  which  it  is  in  contact.  Thus  the  va|)or  rising  from 
water  heated  to  165°  F.  possesses  an  elastic  force  capable  of  supporting  a  column  of  mer- 
cory  10;8  high  ;  and  its  density  is  such  that  80  cubic  feet  of  such  vapor  contain  one  pound 
weight  of  water;  whereas  32^  cubic  feet  of  steam  of  the  density  corresponding  to  a  tem- 
perature of  212°  and  a  pressure  of  30  inches  of  mercurj',  weigh  one  pound.  When  the 
temperature  of  the  water  is  given,  the  elasticity  and  specific  gravity  of  the  vapor  emitted 
by  it  may  be  found. 

Since  the  vapor  rises  from  the  water  only  in  virtue  of  the  elasticity  due  to  its  gaseous 
natnre,  it  is  obvious  that  no  more  can  be  produced,  unless  what  is  already  incumbent  up- 
on the  liquid  have  its  tension  abated,  or  be  withdrawn  by  some  means.  Suppose  the 
temperature  of  the  water  to  be  midway  between  freezing  and  boiling,  viz.,  122°  Fahr.,  as 
•bo  that  of  the  air  in  contact  with  it,  to  be  the  same  but  replete  with  moisture,  so  that 
its  interstitial  spaces  arc  filled  with  vapor  of  corresponding  elasticity  and'spccific  gra- 
vity with  that  given  off  by  the  water,  it  is  certain  that  no  fresh  formation  of  vapor  can 
take  place  in  these  circumstances.  But  the  moment  a  portion  of  vapor  is  allowed  to  es- 
cape, or  is  drawn  off  by  condensation  to  another  vessel,  an  equivalent  portion  of  vapor 
wUl  be  immediately  exhaled  from  the  water. 

The  pressure  of  the  air  and  of  other  vapors  upon  the  surface  of  water  in  an  open  vessel^ 
does  not  prevent  evaporation  of  the  liquid;  it  merely  retards  its  progress.  Experience 
•hows  that  the  space  filled  with  an  elastic  fluid,  as  air  or  other  gaseous  body,  is  capable 
of  receiving  as  much  aqueous  vapor  as  if  it  were  vacuous,  only  the  repletion  of  that 
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fptee  villi  the  Ttpor  prooeedi  more  dowlj  in  tbe  ftnner  pctdBcuMBt  dwn  fa  Ihc  kt> 
ter,  bat  in  both  cases  it  mrrivet  erentaally  at  the  sune  piteh.  Dr.  Daltoa  Ims  wy  ii- 
genioasly  proTed,  that  the  paitielet  of  aerifonn  bodies  mttent  no  pennaneBt  ofcitach  to 
Uie  introdactioii  of  a  gaseous  atmosphere  of  another  Idna  among  thOBt  bnt  mnralj  iMM 
its  diffusion  momenurily,  as  if  bj  a  species  of  friction.  Hence,  rihalnlioto  nt  almoiilcfii 
temperatures  is  promoted  by  the  mechanical  diffasion  of  the  Taport  throof  k  the  air  iriti 
ventilating  fans  or  chimney  draughts ;  though  under  brisk  ebolUtloa,  the  fiimsflk 
steam  readily  overcomes  that  mechanic  obstruction. 

Tbe  quantities  of  water  evaporated  under  different  temperatures  in  Gke  tiBe%  m 
proporUonal  to  the  elasticities  of  tbe  steam  corresponding  to  thene  teupentara.  1 
vessel  of  boiling  water  exposing  a  Muare  foot  of  snrftce  to  the  ire»  ev«|ioniei  79 
grains  in  the  minute ;  the  elasticity  of  the  vapor  is  equivalent  to  30  inches  of  Bocny. 
To  find  the  quantity  that  would  be  evaporated  from  the  same  snrfaee  per  wabatbt  sta 
heat  of  88^  F.  At  this  temperature  the  steam  incumbent  upon  water  is  cnpahfeorsip- 
portifag  1*28  inch  of  mercury ;  whence  the  rule  of  proportion  is  30 :  i :  726 :  SM; 
showing  that  about  31  grains  of  water  would  be  evaporated  in  the  minute,  the  ss 
contains  already  some  aqueous  vapor,  as  it  commonly  does,  then  the  qnnatltj  of  evayvh 
tion  win  be  proportional  to  the  'difference  between  the  elastic  fone  of  that  vapor,  sal 
what  rises  from  the  water. 

Suppose  the  air  to  be  in  the  hygrometric  state  denoted  by  0-38  of  an  inch  of  nereny, 
then  the  above  formula  wiU  become :  30 :  1*28  —  0*38  x  x  725  :  21-41 ;  showing  that  all 
more  than  21  i  gnins  would  be  evaporated  per  minute  under  these  eircumatancesu 

The  elastic  tension  of  the  atmof>pheric  vapor  is  readUy  ascertained  Iqr  the  bU  o- 
periment  of  Le  Roi,  which  consists  in  filling  a  glass  cylinder  (a  narrow  tnmhkr  ftr 
example)  with  cool  spring  water,  and  noting  its  temperatnre  at  the  instant  it  heeoma 
so  warm  that  dew  ceases  to  be  deposited  upon  it.  This  temperatnre  is  tbnt  which  eoin> 
sponds  to  the  elastic  tension  of  the  atmospheric  vapor.   See  Vavor,  TaUe  oil 

^'henever  the  elasticity  of  the  vapor,  corresponding  to  the  temperatnre  of  the  wats^ 
is  greater  than  the  atmo5pberic  pressure,  the  evaporation  will  take  place  not  only  firaa 
its  surface,  but  from  every  point  in  its  interior;  the  liquid  particles  Ihroag^oot  the 
mass  assuming  the  gaseous  form,  as  rapidly  as  they  are  actuated  by  the  onkwie,  wUck 
sub\'ert8  the  hydrostatic  equilibrium  among  them,  to  constitute  the  phenome&n  of  ebsl> 
lition.  This  turbulent  vaporization  takes  place  at  any  temperature,  even  down  to  Ik 
freezing  point,  provided  the  pneumatic  pressure  be  removed  ftom  the  liquid  by  Ik 
air  pump,  or  any  other  means.  Ebullition  always  accelehites  evaporation,  as  it  serrei 
to  cai  1  y  od'  the  aqueous  particles  not  simply  from  the  surface,  but  from  the  whole  body 
of  the  water. 

The  vapors  exhaled  from  a  liquid  at  any  temperature,  contain  more  heat  than  the 
fluid  from  which  thoy  sprint: ;  and  they  cease  to  form  whenever  the  supply  of  heat  into 
the  liquid  is  slopped.  Any  volume  of  water  requires  for  its  conversion  into  vapor  fin 
and  a  half  times  as  much  heat  as  is  sufficient  to  heat  it  from  the  freezing  to  the  boihBg 
temperature.  The  heat,  in  the  former  case,  seems  to  be  absorbed,  being  inappreciable  hi 
the  thermometer ;  for  steam  is  no  hotter  than  the  boiling  water  from  which  it  rises,  ft 
has  been  therefore  called  latent  heat ;  in  contradistinction  to  that  perceived  by  the  touch 
and  measured  by  the  thermometer,  which  is  called  sauibU  heat.  The  quantity  at  hett 
absorbed  by  one  volume  of  water  in  its  conversion  into  steam,  is  about  1000^  Fahr.i 
it  would  be  adequate  to  heat  1000  volumes  of  water,  one  degree  of  the  same  scale;  or 
to  raise  one  volume  of  boiling  water,  confined  in  a  non>conducting  vessel,  to  118(P. 
Were  the  vessel  charged  with  water  so  heated,  opened,  it  would  be  instantaneously 
tied  by  vaporization,  since  the  whole  caloric  equivalent  to  its  constitution  as  stcaai,  ii 
present.  When,  upon  he  other  hand,  steam  is  condensed  by  contact  vrith  coM  sub- 
stances, so  much  heat  is  set  free  as  is  capable  of  heating  five  aind  a  half  times  its  weight 
of  water,  from  32?  to  212^  F.  If  the  supply  of  heat  to  a  copper  be  uniform,  five  hoan 
and  a  half  will  be  required  to  drive  off  its  water  in  steam,  provided  one  hour  vras  takes 
in  heating  the  water,  from  the  freezing  to  the  boiling  pitch,  under  the  atmoapheiical 
pressure. 

Equal  weights  of  vapor  of  any  temperature  contain  equal  quantities  of  heat ;  Ar 
example,  the  .vapor  exhaled  from  one  pound  of  water,  at  TT*  F.,  absorbs  during  its 
formation,  and  will  give  out  in  its  condensation,  as  much  heat  as  the  steam  produced  bf 
one  i)ound  of  water,  at  212°  F.  The  first  portion  of  vapor  with  a  tension=30  iacle^ 
occupies  a  space  of  27-3 1  cubic  feet ;  the  second,  with  a  tension  of  0*92  inch,  Oceania  • 
space  of  890  cubic  feet.*  Suppose  that  these  890  volumes  were  to  be  compressed  isto 
27*31  in  a  cylinder  capable  of  confining  the  heat,  the  temperature  of  the  vapor  wbsU 
rise  from  77°  to  212°,  in  virtue  of  the  condensation,  as  air  becomes  so  hot  1^  cosi- 

*  Onr  p<mnd  ftvoinlapoii  of  water  contains  27*73  cubic  inches  ;  one  cubic  inch  of  water  fiinu  1096  cibK 
inches  of  Meam  at  813''  F. :  therefore  one  pound  of  water  will  form  87'31  cable  feet  of  such  atean :  aad  OH 
30::  97-31:  690  cubic  feet. 
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Mion  in  a  syringe,  as  to  ignite  amadou.  The  latent  heat  of  steam  at  F.  is 
80°— 180=1000;  that  of  vapor,  at  77°,  is  1180—  45=1139°;  so  that,  in  fact,  the 
ver  the  temperature  at  which  the  vapor  is  exhaled,  the  greater  is  its  latent  heat,  as 
seph  Black  and  James  Watt  long  ago  proved  by  experiments  upon  distillation  and  the 
Mm  engine.  * 

From  the  preceding  researches  it  follows,  that  evaporation  may  be  effected  npoa  two 
Terent  plans : — 

1.  Under  the  ordinary  pressure  of  the  atmosphere ;  and  that  either, 

A,  by  external  application  of  heat  to  boilers,  with  a,  an  open  fire ;  6,  steam ;  c,  hot 
nid'media. 

By  by  evaporation  with  air ;  a,  at  the  ordinary  temperatore  of  the  atmosphere ;  6,  by 
rrents  of  warm  air. 

2.  Under  progressively  lower  degrees  of  pressure  than  the  atmospheric,  down  to 
aporation  in  as  perfect  a  vacuum  as  can  be  made. 

It  is  generally  affirmed,  that  a  thick  metallic  boiler  obstructs  the  passage  of  the'  heat 
rongh  it  so  much  more  than  a  thin  one,  as  to  make  a  considerable  difference  in  their 
lative  power?  of  evaporating  liquids.  Many  years  ago,  I  made  a  series  of  experiments 
ion  this  subject.  Two  cylindrical  copper  pans,  of  equal  dimensions,  were  provided  ; 
It  the  metal  of  the  one  was  twelve  times  thicker  than  that  of  the  other.  Each  being 
ai^ed  with  an  equal  volume  of  water,  and  placed  either  upon  the  same  hot  plate  of 
ID,  or  immersed,  to  a  certain  depth,  in  a  hot  solution  of  muriate  of  lime,  I  found  that 
e  ebullition  was  sreatly  more  vigorous  in  the  thick  than  in  the  thin  vessel,  which  I 
cribed  to  the  conducting  substance  up  the  sides,  above  the  contact  of  the  source  of 
at,  being  12  times  greater  in  the  former  case  than  in  the  latter. 

If  the  bottom  of  a  pan,  and  the  portions  of  the  sides,  immersed  in  a  hot  fluid  medium, 
lution  of  caustic  potash  or  muriate  of  lime,  for  example,  be  corrugated,  so  as  to  contain 
double  expanse  of  metallic  surface,  that  pan  will  evaporate  exactly  double  the  quantity 

water,  in  a  given  time,  which  a  like  pan,  with  smooth  bottom  and  sides,  will  do 
imersed  equally  deep  in  the  same  bath.  If  the  corrugations  contain  three  times  the 
lantity  of  metallic  surface,  the  evaporation  will  be  threefold  in  the  above  circum- 
inces.    But  if  the  pan,  with  the  same  corrugated  bottom  and  sides,  be  set  over  a  fire, 

in  an  oblong  flue,  so  that  the  current  of  flame  may  sweep  along  the  corrugations,  it 
ill  evaporate  no  more  water  from  its  interior  than  a  smooth  pan  of  like  shape  and 
nicnsions  placed  alongside  in  the  same  flue,  or  over  the  same  fire.  This  curious  fact 
liave  verifie<l  upon  models  constructed  with  many  modifications.  Among  others,  I 
used  a  cylindrical  pan,  10  inches  diameter,  and  6  inches  deep,  to  be  made  of  tin- 
ate,  with  a  vertical  plate  soldered  across  its  diameter;  dividing  it  into  two  equal 
mi-cylindrical  compartments.  One  of  these  was  smooth  at  the  bottom,  the  other 
rrugated ;  the  former  nfforded  ns  rapid  an  evaporation  over  the  naked  fire  as  the 
Iter,  but  it  was  far  outstripped  by  its  neighbor  when  plunged  into  the  heated  liquid 
sdium. 

If  a  shallow  pan  of  extensive  surface  be  heated  by  a  subjacent  fire,  by  a  liquid  medium 
a  series  of  !»t**nm  pipes  upon  its  bottom  ;  it  will  give  off  less  vapor  in  the  same  time 
hen  it  is  left  open,  than  when  partially  covered.  In  the  former  case,  the  cool  in- 
rmbent  air  precipitates  by  condensation  a  portion  of  the  steam,  and  also  opposes 
nsiderablc  mechanical  resistance  to  the  diffusion  of  the  vaporous  particles.  In  the 
Iter  case,  as  the  steam  issues  with  concentrated  force  and  velocity  from  the  contracted 
ifice,  the  air  must  offer  less  proportional  resistance,  upon  the  known  hydrostatic 
inciple  of  the  pressure  being  as  the  areas  of  the  respective  bases,  in  communicating 
!0tc1s«  , 
In  evaporating  by  surfaces  heated  with  ordinary  steam,  it  must  be  borne  in  mind 
at  a  surface  of  10  square  feet  will  evaporate  fully  one  pound  of  water  per  minute,  or 
J5X  10  =7250  gr.,  the  same  as  over  a  naked  fire;  consequently  the  condensing  sur- 
ce  must  be  equally  extensive.  Suppose  that  the  vessel  is  to  receive  of  water  2500 
s.,  which  corresponds  to  a  boiler  5  feet  long,  4  broad,  and  2  deep,  being  40  cubic 
et  by  measure,  and  let  there  be  laid  over  the  bottom  of  this  vessel  8  connected  tubes 
ich  5  inches  in  diameter  and  5  feet  long,  possessing  therefore  a  surface  of  5  feet  square, 
charged  with  steam,  they  will  cause  the  evaporation  of  half  a  pound  of  water  per 
hiate.  The  boiler  to  supply  the  steam  for  this  purpose  must  expose  a  surface  of  5 
nare  feet  to  the  fire.  It  has  been  proved  experimentally  that  10  square  feet  surface 
'Ihm  copper  can  condense  3  lbs.  of  steam  per  minute,  with  a  difference  of  temperature 
'  90  degrees  Fahr.  In  the  above  example,  10  square  feet  evaporate  1  lb.  of  water 
ST  minute;  the  temperature  of  the  evaporating  fluid  being  212°  F.,  consequently 
:  1  :  :  90  :  During  this  evaporation  the  difference  of  the  temperature  is  there- 
re  =  30^.  Consequently  the  heat  of  the  steam  placed  in  connexion  with  the  inte- 
sr  of  the  boiler,  to  produce  the  calculated  evaporation,  «bould  be,  212 +  30  =  242°, 
irresponding  to  an  elastic  force  of  53*6  inches  of  mercury.    Were  the  temperature  of 
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tbe  itctiB  onlj  824,  the  nme  boiler  in  tke  tame  time  wooM  prateee  a  dimiuhflifMi. 
thjof  ttetmria  the  pfopoftion  of  12  to  80 1  or  to  prodnee  the  nine  qoaatitj  the  boikrir 
.tnbobur  •mfict  ■honkl  be  enlnrged  in  the  piopoition  of  30  to  IS.  In  iteiienl,  hovevo^ 
•teem  boilm  employed  Ibr  thia  mode  of  e?mponuion  nie  of  aoeh  enpociiy  ns  to  giie  n 
nnfidling  rappl;  of  ttenm. 

I  ihnll  now  uhiotimte  bj  lome  peeolier  forme  of  appuatWy  difoent  vyttone  of  en- 
poration.  Fig.  381  espUini  the  principlet  of  emponUing  in  wno.  a  a  icproah 


a  pan  or  kettle  charged  with  the  liqnor  to  be  eraporated.  The  somewhat  wide  onfiee 
c,  secured  with  a  screw-plug,  serves  to  admit  the  hand  for  the  purpose  of  deaniog  it 
thoroughly  out  when  the  operation  is  finished ;  A  is  the  pipe  of  comniunicatioii  with  the 
steam  boiler ;  6  is  a  tube  prolonged  and  then  bent  down  with  its  end  plunged  into  the 
liquor  to  be  evaporated,  contained  in  the  charging  back,  (not  shown  in  the  figure).  H  is 
a  glass  tube  communicating  with  the  vacuum  pan  at  the  top  and  bottom,  to  show  by  the 
height  of  the  column  the  quantity  of  liquid  within.  The  eduction  evaporating  |Hpe 
c  is  provided  with  a  stop-cock  to  cut  off  the  communication  when  required,  t  is  a  tnbe 
for  the  discharge  of  the  air  and  the  water  from  the  steam-case  or  jacket;  the  refrigerator 
X  is  best  formed  of  thin  copper  tubes  about  1  inch  in  diameter,  arranged  zig-zag  or  spuallf 
like  the  worm  of  a  still  in  a  cylinder.  The  small  air-tight  condenser  f,  connected  with 
the  efflux  pipe  /  of  the  refrigerator,  is  furnished  below  with  rv  discharge  cock  g,  aal 
surrounded  by  a  cooling  case,  for  the  collection  of  the  water  co.idensed  by  the  refrige^ 
ator.  In  its  upper  part  there  is  a  tube  k,  also  furnished  with  a  cock,  which  commanicals 
with  the  steam  boiler,  and  through  which  the  pan  a  b  is  heated. 

The  operation  of  this  apparatus  is  as  follows :  after  opening  the  cocks  /,  g, 
and  before  admitting  the  cold  water  into  the  condenser  e,  the  cock  of  the  pipe  k  '» 
opened,  in  order  that  by  injecting  steam  it  may  expel  the  included  air ;  aAer  which  the 
cocks  k  and  g  are  to  be  shut.  The  water  must  now  be  introduced  into  the  condenser, 
and  the  cock  6  opened,  whereon  the  liquid  to  be  evaporated  rises  from  the  charging  back, 
through  the  tube  6,  and  replenishes  the  vacuum  pan  to  the  proper  height,  as  showa  by 
the  register  glass  tube  h.  Whenever  the  desired  evaporation  or  concentration  is  effect 
ed,  the  cock  c  must  be  closed,  the  pipe  k  opened,  so  as  to  fill  the  pan  with  steam,  aid 
then  the  efflux  cock  a  is  opened  to  discharge  the  residuary  liquor.  By  shutting  Ik 
cocks  a  and  fc,  and  opening  the  cock  6,  the  pan  will  charge  itself  afresh  with  liqoor,  ad 
the  operation  will  be  begun  anew,  after  b  has  been  shut  and  c  opened. 

The  contents  of  the  close  water  cistern  r,  may  be  drawn  off  during  each  opentiia. 
For  this  purpose,  the  cock  /  must  first  be  shut,  the  cold  water  is  to  be  then  run  ont 
the  condenser  o,  and  k  and  g  are  to  be  opened.  The  steam  entering  by  k  makes  tk 
water  flow,  but  whenever  the  steam  itself  issues  from  the  cock  g,  this  orifice  mart  k 
immediately  shut,  the  cock  /  opened,  and  the  cold  water  again  introduced,  wheMpOi 
the  condensed  water  that  had  meanwhile  collected  in  the  under  part  of  the  rc^rigeiatoi, 
flows  off  into  the  condenser  vessel  f.    Since  some  air  always  enters  with  Uie  lipv 
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pen,  it  must  be  removed  at  the  lime  of  drawing  oflf  the  water  from  the 
,  by  driving  steam  through  the  apparatus.  This  necessity  will  be  less 
[uor  be  made  to  boil  before  being  introduced  into  the  yacanm  t»an. 
ratus  may  be  modified  in  size  and  arrangement  to  suit  the  peculiar  object 
t  will  be  perfectly  adapted  for  the  concentration  of  extracts  of  every  kind, 
e  solutions  containing  vegetable  acids  or  alkalis.  The  interior  vessel  of 
[Dade  of  tinned  or  plated  copper.  For  an  account  of  Howard's  vacuam 
i  the  same  principle,  see  Sugar. 

rr  is  set  over  a  fire,  iis  bottom  should  not  be  placed  too  near  the  grate,  lest 
le  flame,  and  prevent  that  vivid  combustion  of  the  fuel  essential  to  the 
iction  of  heat  by  its  means.  The  evil  influence  of  leaving  loo  little  room 
lie  and  the  copper  may  be  illustrated  by  a  very  simple  experiment.  If  a 
*  porcelain  capsule  containing  water  be  held  over  the  flame  of  a  candle  a 
e  its  apex,  the  flame  will  suflTer  no  abatement  of  brightness  or  size,  bat 
>  keep  the  water  briskly  boiling.  If  the  capsule  be  now  lowered  into  the 
lame,  this  will  immediately  lose  its  brightness,  becoming  dull  and  smoky, 
ottom  of  the  capsule  with  soot ;  and  owing  to  the  imperfect  combustioD, 
er  is  now  surrounded  by  the  flame,  its  ebullition  will  cease, 
i  section  of  two  evaporating  coppers  en  suite,  so  mounted  as  to  favor  the 
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I  of  the  fuel,  a  is  the  hearth,  in  which  wood  or  coal  may  be  burned.  For 
should  be  set  higher  and  be  somewhat  smaller,  a  is  the  door  for  feeding 
arch  of  fire-bricks  over  the  hearth ;  c,  a  grate  through  which  the  ashes 
t  beneath,  capable  of  being  closed  in  front  to  any  extent  by  a  sliding  door 
e  two  coppers  incased  in  brickwork  ;  /  the  flue.  At  the  end  of  the  hearth 
*  the  fire  plays  first  upon  the  copper,  the  sole  is  made  somewhat  lower  and 
lote  the  spreading  of  the  flame  under  the  vessel.  The  second  copper,  c, 
•enefit  of  the  waste  heat ;  it  may  be  placed  upon  a  higher  level,  so  as  to 
concentrated  liquor  by  a  stop-cock  or  syphon  into  the  first.  When  cods 
r  heating  such  boilers,  the  grate  should  be  constructed  as  shown  in  the 
rewing  copper,  page  122. 

presents  a  pan  for  evaporating  liquids,  which  are  apt,  daring  concentra- 
tion, to  let  fall  crystals  or  other  sediment. 
These  would  be  injured  either  by  the  fire  play, 
ing  upon  the  bottom  of  the  pan,  or,  by  adhesion 
to  it,  they  would  allow  the  metal  to  get  red  hot, 
and  in  that  state  run  every  risk  of  being  burnt 
or  rent  on  the  sudden  intrusion  of  a  little  liquor 
through  the  incrustation.  When  large  coppers 
have  their  bottoms  planted  in  loam,  so  that  the 
flame  circulates  in  flues  round  their  sides,  they 
are  said  to  be  cold-set. 

A  is  a  pear-shaped  pan,  charged  with  the 
liquid  to  be  evaporated  ;  it  is  furnished  with  a 
dome  cover,  in  which  there  is  an  opening  with 
a  flange  /,  for  attaching  a  tube,  to  conduct  the 
steam  wherever  it  may  be  required,  a  is  the 
fire-place ;  b  the  ash-pit.  The  conical  part  ter- 
minates below  in  the  tube  g,  famished  with  a 
stop-cock  at  its  nozzle  h.  Through  the  tube 
e  di/,  furnished  above  and  below  with  the  stop- 
cocks c  and  c\  the  liquid  is  run  from  the 
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ehargiaf  teck  or  rewnroir.  Duriiig  Uie  (qperatm,  the  upper  eoek  c  h  kept  putulls 
optBy  to  replace  the  fluid  ei  it  evmporatee  {  but  the  under  ooek  ^  it  ikat.  The  fline 
from  the  fire-place  playi  nmnd  the  icettle  in  the  ipaee  c,  and  the  smoke  escapes  dows- 
wiids  through  the  flue  t  into  the  chimney.  The  lower  cylindrical  part  f  remains  lk» 
eomparatifdy  cod,  and  collects  the  crystalUne  or  other  solid  matter.  After  some  tioi^ 
the  wider  stop-eork  €f,  upon  the  supply-pipe^  is  to  he  opened  to  admit  aome  of  the  coU 
fiqaor  into  the  eyHndrical  neck.  That  cock  being  again  shot,  the  sediment  nettled, 
the  large  stop  cock  (a  horizontal  slide-valve  woald  be  preferable)  k  opened,  the  crystili 
are  soffiBred  to  descend  into  the  subjacent  receiver;  after  which  the  stop<€oek  k  is  shsi, 
and  the  operation  is  continued.  A  constnution  upon  ihis  principle  is  well  adnpted  ftr 
heating  dyeing  coppers,  in  which  the  sediment  shoakl  not  be  disturbed,  or  exposed  to  the 
netkii  of  the  fire.  The  fire-plnce  should  be  boilt  as  for  the  brewing  copper. 

J%.  384  repnsems  Si 
obkmg  evapornting  ps^ 
in  whisk  the  flnmc^  sAcr 
bentiag  along  its  bolla% 
tarns  up  nt  ils  further 
end,  plnys  bnek  nkng  ill 
WfiMC^  nnd  pnnses  off  is- 
to  the  chimney,  a  is  a 
rectangular  vesnd,  fien 
10  to  15  feet  k«g,4lo6 
feet  broad,  nnd  1  or  1| 
feet  deep.  The  fire-bricks,  upon  which  the  pan  rests,  are  so  arranged  as  to  distrihlff 
(he  flame  equably  along  its  bottom. 

EUDIOMETER  is  the  name  of  any  apparatus  snbservient  to  the  chemical  einmiaa- 
tkm  of  the  atmospheric  air.   It  means  a  mca«nrc  (tf  but  it  is  cmptoyed  merely  lo 

determine  the  proportion  of  oxygen  which  it  may  contain.  The  explosive  eodiomeler,  is 
which  about  two  measures  of  hydrogen  are  introduced  into  a  graduated  glass  tube,  con- 
taining five  mensures  of  atmospheric  air,  nnd  nn  electric  spnrk  b  pnssed  neross  the  mix- 
ture, is  the  best  of  all  eudiometers  i  and  of  these  the  eypbon  fimn,  proposed  by  me  in  a 
pnper  published  by  the  Royal  Society  of  Edinburgh  in  1819,  is  probably  the  surest  aad 
most  convenient.  Volte's  explosive  eudiometer,  as  made  ia  Paris,  costs  3  guineas ;  mine 
mny  be  htd  nicely  graduated  for  6  or  8  shillings. 

EXPANSION  (Ensr.  and  Fr. ;  Juidehmmg,  Germ.)  is  the  increase  of  balk  experienced 
by  all  bodies  when  heated,  unless  a  change  of  chemical  texture  takes  place,  as  in  the 
case  of  clays  in  the  potter's  kiln.  Table  i.  exhibits  the  linear  expansion  of  several  solids 
by  an  increase  of  temperature  from  32°  to  212°  Fahr. ;  Table  II.  exhibits  the  exp&nsioB 
ia  bulk  of  certain  liquids. 


TABLE  I.— Zinear  Dilatation  of  Solids  by  Heat. 
Dimensions  which  a  bar  takes  at  212P,  whose  length  at  32°  is  1-000000. 


in 

in  ThI|v 

Glass  tu|#  * 

*  • 

5  - 

Smeatoa 

1*00083333 

Roy  * 

l*00077til5 

do. 

Deioc'*  moan  - 

l'()0082S00 

mi 

du.  - 

Bulonf  and  Petit 

1  ^xinHKiao 

da 

Lavoi$ter  and  Laplace 

J '0(  jtih 

Pkie  gk^ 

do. 

do. 

do«  crown  ^Iass 

do. 

do. 

1-00087572 

dok  do. 

do. 

da. 

1-00069760 

do* 

am. 

Roy  > 

1*00060797 

Roy,  as  glass 

,  PUtina 

B<irda  • 

1-00D85S55 

1 

do. 

Dulong  and  Petit 

1*00098420 

do,  - 

•* 

TroQghton 

:  1-00099180 

Berthoud  - 

TOO  110000 

• 

m 

Wollatloli  ^ 

1  00 100000 

Amhiwy  ♦  * 

Stnealoft 

• 

,1-00108300 

Roy 

1*00110940 

'Ollt-iM  ~  • 

L&FoUier,  by  Dr  YoBOg 

1*00! I  till 

J 

^phil     *  _  ■*  " 
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Substaacts. 


Steel  rod 

Bliftmd  Steel  .... 

do.  .  .  «  -  « 
Steel  not  teapered  ... 
do.  do.  ... 
do.  tempered  yellow  .  .  - 
do.  do.  do.  . 
do.    do.       do.  at  a  hieher  heat 

Steel  

Hard  Steel  

Aanealed  steel  .... 
Tempered  steel  .... 

Iroa  

do  

SoA  iron,  forged  .... 
I  Roond  iron,  wire  drawn 
I  Iroa  wire  ..... 

Iron  

BiMnuth  ..... 
Annealed  gold  .... 

GolJ  

do.  procured  by  partinq:  . 
do.  Paris  standard,  unannealed  . 
do.       do.  annealed 

Copper   

do  

do.  ..... 

do  

<tP  

Brtss  

do.  ..... 

do.  ..... 

Bn»5  9cale,  supposed  from  Hamburg 

Ca<l  brass  

£o:;Iish  plate>brass,  in  rod  . 
do.         do.     in  a  trough  form 

Brass  

Bras*  wire  ..... 

Bra»»   

Copper  S,  tin  1  . 

Silver  

do.  

do  

do.  ofeopel  .... 
do.  Paris  standard  ... 
Silrer  ..... 
Brass  16,  tin  1  - 
Spfculum  metal  >  .  . 

Spdter  solder ;  brass  2,  zinc  1 
Malacca  tin  .... 
'Hq  from  Falmouth 
fine  pewter       -      -      -  . 

Grain  tin  

Tin  

Son  soMer ;  lead  2,  tin  1  . 
^iae  8,  tin  1,  a  little  hammered  « 
I-ead  

do  : 

Zinc  

Ziae,  hammered  out  )  inch  per  foot 
Gbss,  IVom  32^  to  212^ 
do,    from  212°  to  3f»2°  - 
do.    from  »92«>  to  572'  - 


"1 

DilatatiiiD 

Autuoritj . 

lit 

Fmctioiii. 

Roy  ... 



1  001 14470 

Phil.  Trans.  1795,  428 

1-001 12500 

Smeaton  ... 

1-00115000 

Lavoisier  and  Laplace 

1-00107875 

TTIT 

do.  do. 

1-00107956 

do.  do. 

1*00136900 

do.  do. 

1-00138600 

do.  do. 

1-00123956 

^  1  „ 

Troughton 

1*00118980 

Smeaton  ... 

1*0012*2500 

Muschenbroek 

1-00122000 

do. 

1  00137000 

Borda  ... 

1-00115G00 

Smeaton  ... 

1*00125800 

Lavoisier  and  Laplace 

1*00122045 

do.  do. 

1-00123504 

Troughton 

1-001 14010 

Dulong  and  Petit  - 

1-00118203 

jts 

Smeaton  ... 

1  00 139200 

Muschenbroek 

1- 001 11)000 

Ellicot,  by  comparison 

1-00150000 

Lavoisier  and  Laplace 

l-00l46G0o 

do.  do. 

1-00155155 

do.  du. 

1-00151361 

Muschenbroek 

1-0019100 

Lavoisier  and  Laplace 

1  00172214 

do.  do. 

1*00171222 

Troughton 

1-00191880 

Dulong  and  Petit  - 

1*00171821 

«  0  3 

Borda  ... 

1  00178300 

Lavoisier  and  Laplace 

1  00186671 

do.  do. 

1-00188971 

Roy  ... 

1-0018.')510 

Smeaton  ... 

1-00187.')00 

Roy  ... 

1  0()1S!>2S0 

do.  ... 

1*00189190 

Troughton 

1-001918S0 

Smeaton  • 

1-00193000 

Muschenbroek 

i-oo->ir)00o 

Smeaton  . 

1  00181700 

Herbert  . 

1-00189000 

Ellicot,  by  comparison 

1-0021000 

Muschenbroek 

1-00212000 

Lavoi>ier  and  Laplace 

1-00190974 

do.  do. 

1-00190868 

t 

Trousfhton 

1-0020826 

Smeaton  ... 

I-001908(X) 

do.     -      .  - 

1-001933(M) 

do.  ... 

1  00205800 

Lavoi>ier  and  Laplace 

1-00193765 

si? 

do.  do. 

1-00217298 

Smeaton  ... 

1-00228300 

do.     -      -  - 

1-002 18:}()0 

Muschenbroek 

l-fX)2*<lOOO 

Smeaton  ... 

|-(M)250800 

do.  - 

l-()()-269200 

,h 

Lavoisier  and  Laplace 

1-00-281H36 

Smeaton  ... 

1 -0(^-286700 
1  00294200 

do.  - 

do.     .      -  . 

1-00301100 

Dulong  and  Petit 

1-00086130 

do.  do. 

1*00091827 

do.  do. 

1*000101114 

TlttJtaitvoi 


nests  by  ftB  air  UnnDometer. 
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TABLE  n. 

Ezpauiion  of  certain  LiquitU  by  being  Heated  from  32P  to  212". 


M«icaty  -        ^        -  - 

iodFeCit  - 

do.     in  glASft  - 

do. 

- 

Water^  from  its  ma^imnin  ttentilj 

Elrwui 

0-M332 

MuHaUc  add  M3T) 

NibiiC  ttciii  (ip*  gjr.  J*40)  - 

•     •  - 

t 

m  " 

Alcohol  (19  ili  fN4iiiif  i^nt)  f  • 

%.  ■ 

Wilier     *        .         -  , 

dq. 

Water,  Mtaraied  with  Gflmmoci  imlt 

do. 

00500 

Suli^huric  fther  i^to  iu  boQinf  poinl)  f 

do. 

0*0700 

Fixed  oda          _  ^ 

dop 

0*0800 

in 

wm 

If  the  density  of  water  at  39^  be  called  -         .         .  1*00000, 
at  212**  it  becomes  -         -         -  0*9548, 

and  its  volume  has  increased  to    -         -  1-04734; 
at  TP  it  becomes  -         -         -         -  0-9973587, 
and  its  volume  has  increased  to  only        .  1*00265, 

which,  thoufi^h  one  fourth  of  the  whole  ran^e  of  temperature,  is  only    '  of  the  ti>> 

tal  expansion.    Water  at  60°  F.  has  a  specific  "gravity  of  -      0-9991953,  ^  ® 
and  has  increased  in  volume  from  39°  to   -  1*00008, 

which  is  only  about  Jg.  of  the  total  expansion  to  212°,  with       of  the  total  range  of 

temperature. 

All  pases  expand  the  same  quantity  by  the  same  increase  of  temperature,  which  from 
32°  to  212^  Fnhr.  =  l|«°  =  j|,  or  100  volumes  become  1*375.    For  each  degree  of  Fahr. 

the  expansion  is 

When  dry  nir  is  saturated  with  moisture,  its  bulk  increases,  and  its  specific  gravity 
•liminishi's,  because  aqueous  vapor  is  less  dense  than  air,  at  like  temperatures. 

The  following  table  iiives  the  inullipliers  to  be  employed  for  converting  one  volume  of 
moist  ijas  at  the  several  temperatures  into  a  volume  of  dry  gas. 


Trminrnuire. 

Multiplier. 

Tf  mperatarf. 

Multiplier. 

53°  F. 

0-iJ870 

64° 

0-9799 

54 

0-1)864 

65 

0-9793 

55 

0-9858 

66 

0-9786 

56 

0-9852 

67 

0-9779 

57 

0-9846 

68 

0-9772 

58 

0-9839 

69 

0-9765 

59 

0-9833 

70 

0-9758 

GO 

0-9827 

71 

0-9751 

61 

0-9820 

72 

0-9743 

62 

0-9813 

73 

0-9735 

63 

0-9806 

EXTRACTS.  (Extraits,  Ft.  ;  Extracten,  Germ.)  The  older  apothecaries  used  this 
term  to  desij?nate  the  product  of  the  evaporation  of  any  vegetable  juice,  infusion,  or 
decoction;  whether  the  latter  two  were  made  with  water,  alcohol,  or  ether;  whence 
arose  the  distinction  of  aqueous,  alcoholic,  and  elhereous  extracts. 

Fourcroy  made  many  researches  upon  these  preparations,  and  supposed  that  they  had 
all  a  common  basis,  which  he  called  the  extractive  principle.  But  Chevreul  and  other 
chemists  have  since  proved  that  this  pretended  principle  is  a  heterogeneous  and  very 
variable  compound.  By  the  term  extract,  therefore,  is  now  meant  merely  the  whole  of 
the  soluble  matters  obtained  from  vegetables,  reduced  by  careful  evaporation  to  either* 
pasty  or  solid  consistence.  The  watery  extracts,  which  are  those  most  commonly  made, 
are  as  various  as  the  vegetables  which  yield  them;  some  containing  chiefly  sugar  or 
gum  in  great  abundance,  and  are  therefore  innocent  or  inert;  while  others  con- 
lain  very  energetic  impregnations.  The  conduct  of  the  evaporating  heat  is  lie 
capital  point  in  the  preparation  of  extracts.  They  should  be  always  prepared,  if 
possible;  from  the  juice  of  the  fresh  plant,  by  subjecting  its  leaves  or  other  succoleot 
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I  of  a  powerful  screw  or  hydraulic  press ;  and  the  evaporation  should 
e  warmth  of  a  water-bath,  heated  not  beyond  100°  or  120^  F.  Steam 
s  be  applied  advantageously  in  some  cases,  where  it  is  not  likely  to 
f  the  principles  of  the  plant.  But  by  far  the  best  process  for  making 
uo,  upon  the  principles  explained  in  the  article  Evaporation.  It  is 
L  up  a  proper  apparatus  of  this  kind,  than  most  practical  men  imagine. 
'  either  be  made  through  the  agency  of  steam,  as  there  pointed  out,  or 
air-pump.  One  powerful  air-pump  may  form  and  maintain  a  good 
veral  receivers,  placed  upon  the  flat-ground  flanges  of  so  many  basins^ 
th  a  stop-cock  at  its  side  for  exhaustion.  The  airless  basin  containing 
St  on  the  shelf  of  a  water-bath,  and  exposed  to  a  proper  temperature, 
,  short  time,  a  large  quantity  of  medicinal  extract,  possessing  the  prop- 
t  unimpaired. 

y  delicate  purposes,  the  concentration  may  be  performed  in  the  cold,  by 
illed  with  the  expressed  juice  over  a  basin  containing  aulphuric  acid^ 
rceiver  over  them  and  exhausting  its  air. 


F. 


rray  copper-ore,  called  also  Panabase,  from  the  many  oxydes  it  contains. 
i  name  of  the  impure  spirit,  which  comes  over  first  and  last  in  the  distil- 
r ;  the  former  being  called  the  «/r(mg,  and  the  latter,  which  is  much 
the  weak  faints.     Thjs  crude  spirit  is  much  impregnated  with  fetid 
lerefure  very  unwholesome,  and  must  be  purified  by  rectification. 
/,  Fr. ;  Fdcher,  Germ.)  is  usually  a  semi- circular  piece  of  silk  or  paper, 
iclosiiig  slender  slips  of  wood,  ivory,  tortoise-shell,  whalc-bone,  &c., 
tail  of  a  peacock,  in  a  radiating  form,  and  susceptible  of  being  folded 
anded  at  pleasure.    This  well-known  hand  ornament  is  used  by  ladies 
5  by  agitating  the  air.   Fans  made  of  feathers,  like  the  wing  of  a  bird, 
red  from  time  immemorial  by  the  natives  of  tropical  countries, 
r  name  of  the  apparatus  for  winnowing  com.    For  an  account  of  the 
:  and  ventilating  fan  machine,  see  Foundry  and  Ventilator. 
riw,  Fr. ;  Mehl,  Germ.)  is  the  flour  of  any  species  of  corn,  or  starchy 
ito,  arrow  root,  &c.  See  Bread  and  Starch. 

tes,  Fr. ;  Fette,  Germ.)  occur  in  a  great  number  of  the  animal 
indant  under  the  skin  in  what  is  called  the  cellular  membrane,  round 
e  fulds  of  the  omentum,  at  the  base  of  the  heart,  in  the  mediastinum, 
ebb,  as  well  as  upon  the  surface  of  the  intestines,  and  among  many  of 
tiey  vary  in  consistence,  color,  and  smell,  according  to  the  animals 
are  obtained ;  thus,  they  arc  generally  fluid  in  the  cetaceous  tribes, 
rored  in  the  carnivorous,  solid  and  nearly  scentless  in  the  ruminants, 
1  copious  in  well-fed  young  animals;  yellowish  and  more  scanty  in  the 
istence  varies  also  according  to  the  organ  of  their  production ;  being 
skin,  and  in  the  neighborhood  of  the  kidneys,  than  among  the  moveable 
ms  about  one  twentieth  of  the  weight  of  a  healthy  animal.  But  as 
butcher  it  is  not  pure,  for  being  of  a  vesicular  structure,  it  is  always 
)rane$,  mixed  with  blood,  blood-vessels,  lymphatics,  &c.  These  foreign 
t  be  separated  in  some  measure  mechanically,  after  the  fat  is  minced 
nore  completely  by  melting  it  along  with  hot  water,  passing  it  through 
ig  the  whole  cool  very  slowly.  By  this  means  a  cake  of  cleansed  fat 
Many  plans  of  purifying  fats  have  been  proposed ;  one  of  the  best  is 
:ent.  of  strong  sulphuric  acid  with  a  quantity  of  water,  in  which  the 
for  some  time  wfth  much  stirring;  to  allow  the  materials  to  cool,  to 
rnalant  fat,  and  re-melt  it  with  abundance  of  hot  water.  More  tallow 
ned,  and  that  considerably  whiter  and  harder  than  is  usually  procured 

lat  chlorine  and  chloride  of  lime  do  not  improve,  but  rather  deterio- 
nce  of  oils  and  other  fatty  bodies.  According  to  Appert,  minced  suet 
iction  of  high-pressure  steam  in  a  digester,  at  250°  or  260^*  F.,  becomes 
onorous  when  struck,  whiter,  and  capable,  when  made  into  candles,  of 
light.  A  convenient  mode  of  rendering  minced  tallow,  or  melting  it,  is 
»,  and  drive  steam  through  it  from  numerous  orifices  in  ramifying  pipes 
ottom.  Mr.  Watt  assures  me  that  his  plan  of  purifying  fats,  patented 
las  been  quite  successful.  He  employs  dilute  sulphuric  acid,  to  whicli 
itric  acid,  with  a  very  small  quantity  of  bichromate  of  potash,    to  sap- 
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ply  oxygen,"  and  some  oxalic  acid.  These  are  mixed  with  the  fat  in  the  stemming  tnft. 
When  the  lumps  of  it  are  nearly  dissolved,  he  takes  for  every  ton  of  fat,  one  poiuid  of 
strong  nitric  acid,  diluted  with  one  qaart  of  water ;  to  which  he  adds  two  onncei  of 
alcohol,  naptha,  sulphuric  ether,  or  spirits  of  turpentine ;  and  ader  introducing  this  mix- 
ture, he  continues  the  boiling  fur  half  an  hour.  The  fat  is  finally  washed. — As  I  do  Mt 
comprehend  the  modus  operandi  of  these  ingredients,  I  shall  abstain  fnnn  any  eonune&t 
upon  the  recipe. 

Others  have  proposed  to  use  vegetable  or  animal  charcoal  first,  especially  for  imdd 
oils,  then  to  heat  them  with  a  solution  of  sulphate  of  copper  and  common  tmXi,  which  m 
supposed  to  precipitate  the  fetid  albuminous  matter.  Miik  of  lime  has  been  also  pr^ 
scribed ;  but  it  is,  I  believe,  always  detrimentaL 

Davidson  treats  whale  oU  with  infusion  of  tan,  in  order  to  separate  the  gelatine  aad 
albumine  in  flocks ;  next  with  water  and  chloride  of  lime,  to  destroy  the  smeU ;  tad 
lastly,  with  dilute  sulphuric  acid,  to  precipitate  all  the  lime  in  the  state  of  a  sulphate.  This 
is  certainly  one  of  the  cheapest  and  most  efifective  methods  of  puri^'ing  that  substaaee. 

Bracdunot  and  Raspail  have  shown  that  solid  animal  fats  are  comp(M«d  of  very  mall, 
microscopic,  partly  polygonal,  partly  reniform  particles,  which  are  connected  together 
by  very  thin  membranes.  These  may  be  ruptured  by  mechanical  means,  then  separated 
by  triturating  the  fri'sh  fats  with  cold  water,  and  passing  the  unctuous  matter  through 
a  sieve.  The  particles  float  in  the  water,  but  eventually  collect  in  a  white  grannhr 
crystalline  appearance,  like  starch.  Each  oT  them  consLnts  of  a  vesicular  integument,  of 
the  nature  of  stearine,  and  an  interior  fluid  like  elaine,  which  af\erwards  exudes.  The 
granules  float  in  the  water,  but  subskle  in  spirits  of  wine.  *  When  digested  in  strong 
alcohol,  the  liquid  part  dissolves,  but  the  solid  remains.  These  particles  differ  in  shape 
and  size,  as  obtained  from  different  animals ;  those  of  the  calf,  ox,  sheep,  are  pdygooal, 
from  ^1-  to  of  an  inch  in  diameter;  those  of  the  sow  are  kidney-shaped,  and  from  ^ 
^  lio  '  ^^^^  of  man  are  polygonal,  and  from  ^  to  those  of  insects  are  spherical, 
and  at  most        of  an  inch. 

Fats  all  melt  at  a  temperature  much  under  212?  F.  When  strongly  heated  with  eoe- 
tact  of  air,  they  difluse  white  pungent  fumes,  then  blacken,  and  take  fire.  When  sub- 
jected to  distillation,  they  aflford  a  changed  fluid  oil,  carbureted  hydrogen,  and  the  other 
products  of  oily  bodies.  Exposed  for  a  certain  time  to  the  atmosphere,  they  become 
rancid,  and  generate  the  same  fat  acids  as  they  do  by  saponification.  In  their  fresh 
state  thry  are  all  composed  principally  of  stearine,  margarine,  and  oleine,  with  a  Utile 
colorinn  and  odorous  inalter ;  and.  in  some  species,  hircine,  from  the  goat;  phocenine. 
from  the  dolphin  ;  and  biityrino,  from  butter.  By  subjectinij  ihem  to  a  great  degree  of 
cold,  and  rompif^Kini;  Ihem  between  fohls  of  blottins;  paper,  a  residuum  is  obtainwl,  coo- 
sistin?  eliielly  of  stearine  and  margarine;  the  latter  of  which  may  be  dissolved  out  by 
oil  of  turprnline. 

Bo/  (til  l  Mutton  Sui  t. — When  fresh,  this  is  an  insipid,  nearly  inodorous  fat,  of  a  firm 
consistene*",  almost  insoluble  in  alcohol,  entirely  so  if  taken  fiom  the  kidneys  and  mesea- 
leric  web  of  the  ox,  the  shrep,  the  coal,  and  the  stac.  It  varies  in  its  whiteness,  con- 
sistence, and  combiistihility,  with  the  species  and  health  of  the  animals.  That  of  the 
sheep  is  very  white  and  ver>-  solid.  They  ma\  all  be  purified  in  the  manner  above  de- 
scribed. Sinjiiff  sulphuric  acid  developcs  readily  the  acid  fats  by  stirring  it  Ihrooeb 
melted  suet.  Alkalis,  by  sa|>onification,  cive  rise  at  once  to  the  three  acids, — the  stearic, 
xnargaric,  and  oleic.  Beef  suet  consists  of  stearine,  maruarine,  and  oleine  ;  mutton  and 
goal  suet  contain  a  lillle  hircine.  The  specific  gravity  of  the  tallow  of  which  conimoo 
candles  are  made  i<,  by  my  experiments,  0-93().  The  melting  point  of  suet  is  frou:  9^ 
to  10  P  F.  The  proportion  of  solid  and  fluid  fat  in  it  is  somewhat  variable,  but  the  for- 
mer is  in  much  lan:er  projjoition.  Mutton  suet  is  soluble  in  44  parts  of  boilinc  alcohol, 
of  ;  beef  suel  in  1 1  parts.  Marrow  fat  consists  of  76  of  stearine,  and  24  of  oleine; 
it  melU  at  uy-*  F. 

Hog^t-hnl  is  soft,  fusible  at  p.,  converlible,  by  fin  alkaline  solution,  into  a  stear*tP. 
maruarate,  (deate,  and  L'lycerine.  Its  sp.  grav.  is  O'iKiS,  at  50°  F.  It  consists  of  62  of 
oleine,  and  '.iX  of  stearine,  in  100  parts. 

Grxi^c  fut  consists  of  (JS  oleine  and  32  stearine. 

Buttn\  in  suirimrr,  consists  of  00  of  oleine  and  40  of  stearine;  in  winter,  of  35of 
oleine,  and  ().')  of  stearine;  the  former  substance  Iwing  yellow,  and  the  latter  white. 
It  diller^,  however,  as  produced  from  the  milk  of  different  cows,  and  also  according  to 
their  jiasture. 

The  ultimate  constituents  of  stearine,  according  to  Chevreul,  are  79  carboD,  11' 
hydrosjen,  and  9-3  oxygen,  in  100  parts. 

1,21*4,009  cwis.  of  the  tallow  imported  in  1837  were  retained  for  internal  coasumptioB' 
See  MARc;iVRiNK,  Oleine,  Soap,  Stearink. 

FAULTS  {Failles,  Ft,),  in  mining,  are  disturbances  of  the  strata  which  intempt 
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the  miner's  operations,  and  put  him  at  fault,  to  discover  where  the  vein  of  ore  or  bed  of 
coal  has  been  thrown  by  the  convulsions  of  nature.  Many  examples  of  faults  are  exhib- 
ited under  PrrcoAL. 

FEATHERS  {Plumes,  Fr. ;  Ftdiern,  Germ.)  constitute  the  subject  of  the  manufacture 
of  the  Plutnasiier,  a  name  given  by  the  French  (and  also  the  English)  to  the  artisan  who 
prepares  the  feathers  of  certain  birds  furomaments  to  the  toilet  of  ladies  and  for  military 
men»and  to  him  also  who  combines  the  feathers  in  various  forms.  We  shall  content  onr- 
telTes  with  describing  the  method  of  preparing  ostrich  feathers,  as  most  others  are  pre- 
pared in  the  same  way. 

Several  qualities  are  distinguished  in  the  feathers  of  the  ostrich ;  those  of  the  male,  in 
particular,  are  whiter  and  more  beautiful.  Those  upon  the  backhand  above  the  wings 
are  preferred;  next,  those  of  the  wings,  and  lastly,  of  the  tail.  The  down  is  merely  the 
feathers  of  the  other  parts  of  the  body,  which  vary  in  length  from  4  to  14  inches.  This 
down  is  black  in  the  males,  and  gray  in  the  females.  The  finest  white  feathers  of  the 
female  have  always  their  ends  a  little  grayish,  which  lessens  their  lustre,  and  lowers  their 
price.  These  feathers  are  imported  from  Algiers,  Tunis,  Alexandria,  Madagascar,  and 
Senegal ;  this  being  the  order  of  their  value. 

The  scouring  process  is  thus  performed : — 4  ounces  of  white  soap,  cut  small,  are  dis- 
solved in  1  pounds  of  water,  moderately  hot,  in  a  large  basin ;  and  the  solution  is  made 
iato  a  lather  by  beating  with  rods.  Two  bundles  of  the  feathers,  tied  with  packthread, 
•re  then  introduced,  and  arc  rubbed  well  with  the  hands  for  five  or  six  mmutes.  After 
this  soaping  they  are  washed  in  clear  water,  as  hot  as  the  hand  can  bear. 

The  whitening  or  bleaching  is  performed  by  three  successive  operations. 

1.  They  are  immersed  in  hot  water  mixed  with  Spanish  white,  and  well  agitated  in  it ; 
after  which  they  are  washed  in  three  waters  in  succession. 

2.  The  feathers  are  azured  in  cold  water  containing  a  little  indigo  tied  up  in  a  fine  cloth. 
They  should  be  passed  quickly  through  this  bath. 

3.  They  are  sulphured  in  the  same  way  as  straw  hats  are  (See  Sui.PHirRiNG) ;  they  are 
then  dried  by  hanging  upon  cords,  when  they  must  be  well  shaken  from  time  to  time  to 
open  the  fibres. 

The  ribs  are  scraped  with  a  bit  of  glass  cut  circularly,  in  order  to  render  them  very 
pliant.  By  drawing  the  edge  of  a  blunt  knife  over  the  filaments  they  assume  the  early 
H>rm  so  much  admired.  The  hairs  of  a  dingy  color  are  dyed  black.  For  20  pounds 
of  feathers,  a  strong  decoction  is  made  of  25  pounds  of  logwood  in  a  proper  quantity  of 
water.  After  boiling  it  for  6  hours,  the  wood  is  taken  out,  3  pounds  of  copperas  ore 
thrown  in ;  and,  after  continuing  the  ebullition  for  15  or  20  minutes,  the  copper  is  takjen 
from  the  fire.  The  feathers  are  then  immersed  by  handfuls,  thoroughly  soaked,  and  worked 
about ;  and  leA  in  for  two  or  three  days.  They  are  next  cleansed  in  a  very  weak  alkaline 
ley,  and  soaped  three  several  times.  When  they  feel  very  soil  to  the  touch,  they  must 
be  rinsed  in  cold  water,  and  afterwards  dried.  White  feathers  are  very  difficult  to  dye 
m  beautiful  black.  The  acetate  of  iron  is  said  to  answer  better  than  the  sulphate,  as  a 
mordant. 

For  dying  other  colors,  the  feathers  should  be  previously  well  bleached  by  the  actioii 
of  the  sun  and  the  dew ;  the  end  of  the  tube  l>eing  cut  sharp  like  a  toothpick,  and  the 
feathers  being  planted  singly  in  the  grass.  After  fifteen  days'  exposure,  they  are  cleared 
with  soap  us  above  described. 

/ZofC  color  or  pink,  is  given  with  safflower  and  lemon  juice. 

Deep  red,  by  a  boiling  hot  bath  of  Brazil  wood,  after  aluming. 

Crimson,   Th«  above  deep  red  feathers  are  passed  through  a  bath  of  cudbear. 

Prune  de  Monsieur,   The  deep  red  is  passed  through  an  alkaline  bath. 

Blue*  of  every  shade,  are  dyed  with  the  indigo  vat. 

Yellow;  after  aluming,  with  a  bath  of  turmeric  or  weld. 

Other  tints  may  be  obtained  by  a  mixture  of  the  above  dyes. 

Feathers  have  some  more  useful  employments  than  the  decoration  of  the  heads  of 
women  and  soldiers.  In  one  case,  they  supply  us  with  a  soft  elastic  down  on  which  we 
can  repose  our  wearied  frames,  and  enjoy  sweet  slumbers.  Such  arc  called  bed  feathers. 
Others  are  employ^  for  writing,  and  these  are  called  ^i7/*. 

Goose  feathers  ^fe  most  esteemed  for  beds,  and  they  are  best  when  plucked  from  the 
firing  bird,  which  is  done  thrice  a  year,  in  spring,  midsummer,  and  the  beginning  of 
harvest.  The  qualities  sought  for  in  bed  feathers,  are  softness,  elasticity,  lightness,  and 
warmth.  Thejf  only  preparation  when  cleanly  gathered  is  a  slight  beating  to  clear 
awaj  the  loose  inatter,  but  fur  this  purpose  they  must  be  first  well  dried  either  by  the  sun 
or  a  stove.  Bleaching  with  lime  water  is  a  bad  thing,  as  they  never  can  be  freed  froia 
white  dust  afterwards. 

Hie  feathers  of  the  eider  duck,  anas  moUissima,  called  eider  down,  possess  in  a  sape> 
rior  degree  all  the  good  qualities  of  goose  down.  It  is  used  only  as  a  covering  to  JoAk 
and  never  should  be  slept  upon,  as  it  thereby  loses  its  elasticity. 
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QnOb  for  writiiif.  Tliete  ccmsift  xmaiSkj  of  die  fttthen  ptadnd  out  oflhe  wiigiif 
geete.  Doteh  qailli  htTe  been  hi^y  eMeaned,  m  the  Dntekwcre  the  lint  who  hit  i|a 
the  art  of  prepariog  them  well,  bf  elcaring  them  both  intide  ud  outside  fiva  a 
homor  with  which  they  are  natarally  impregnated*  and  whkh  prefents  the  ink  fton  k» 
ing  fteely  along  the  pens  made  with  them.  The  Dutch  for  a  h»g  time  cwplofed  hit 
cinders  or  ashes  to  attain  this  end ;  and  their  secret  was  ptcscifed  very  eareraByy  hilft 
at  length  iiranspired,  and  the  proeess  was  then  impnnred.  A  bath  of  very  fine  asiid  mmi 
be  kept  constantly  at  a  suitable  temperature,  which  is  about  l4Xf  F. ;  into  this»  the  fd 
•  end  of  the  feather  most  be  plunged,  and  left  in  it  a  few  instants.  Ob  takiag  themsrt 
they  must  be  strongly  rubbed  with  a  piece  of  ilannel,  after  which  they  nre  fimnd  ts  he 
white  and  traniparent.  Both  carbonate  of  potash  in  solution  and  duote  svlphariesdi 
have  been  tried  to  effect  the  same  end,  but  wiihoot  success.  The  ydlow  tint  which  ghw 
quills  the  air  of  age,  is  produced  by  dipping  them  for  a  Uttk  in  dilute  imirinik  add,  aii 
then  making  them  perfectly  dry.  But  thb  pneess  must  be  preceded  by  the  mnd-htfh 
operation.  The  above  is  the  French  process. 

Quills  are  dressed  bylhe  London  dealers  in  two  ways;  by  the  one,  they  icsonin  «f  that 
natural  color ;  by  the  other,  they  acquire  a  ycUow  tiat.  The  former  is  called  the  Ditth 
method,  and  the  principal  workman  is  called  a  Butcher.  He  sits  before  a  small  siofe  fot^ 
into  which  be  thrusts  the  barrel  of  the  qufll  for  about  a  second,  then  lays  iU  root  qaidlr 
below  his  blunt-edged  knife  called  a  hook,  aBd,_pressing  this  firmly  with  the  heft  haa^ 
dmws  the  quill  briftkly  through  with  his  right  Tlie  bed  on  which  the  quill  is  khl  ts  n- 
ceive  this  pressure  is  called  the  plate.  It  is  a  rectangular  smooth  lump  of  iron,  ahoutS 
inches  long,  i|  broad,  and  2|  thick,  which  is  heated  on  his  itove  to  nboni  the  3fi0th de- 
gree Fahr.  The  hook  is  a  ruler  of  about  15  mches  in  length,  somewhat  like  the  patten- 
maker's  knife,  iU  fulcrum  being  formed  at  the  one  end  by  a  hook  and  staple^  and  (hs 
power  of  pressure  being  applied  by  the  hand  at  the  other  end.  The  quill,  rendered  soft 
and  elastic  by  the  heat,  endures  the  strong  scraping  action  of  the  tool,  and  ihns  gds 
stripped  of  its  opaque  outer  membrane,  without  hasard  of  being  split.  ▲  skilful  woifcp 
man  can  pass  2000  quills  throoch  his  hands  in  a  day  of  10  hours. 

They  are  next  cleaned  by  being  scrubbed  by  a  woman  with  a  piece  of  rough  dog-U 
skin,  and  finally  tied  up  by  a  man  in  one  quarter  of  a  hundred  bundles. 

In  another  mode  of  dressing  quills,  they  are  steeped  a  night  in  deeoetioo  of  tarmeri^ts 
stain  them  yellow ;  taken  out  and  dried  in  warm  sand  contained  in  a  pot,  then  scraped  ht 
the  Butcher  as  above  described.  The  first  are  reckoned  to  make  the  best  pen%  though 
the  second  may  appear  more  beautiful. 

Crow  quills  for  draughtsmen,  as  well  as  swan  quills,  are  prepared  in  the  same  way. 
The  quills  plucked  from  well-fed  living  birds  have  most  elasticity,  and  are  least  subject  to 
be  moth-eaten.  The  best  are  those  plucked,  or  which  are  spontaneously  cast  in  the 
month  of  May  or  June,  because  they  are  then  fully  ripe.  In  the  goose's  wing  the  five 
exterior  feathers  only  are  valuable  for  writing.  The  first  is  ihe  hardest  and  roundest  of 
all,  but  the  shortest  The  next  two  are  the  best  of  the  five.  They  are  sorted  into  thoie 
of  the  right  and  the  left  win?,  which  are  dill'erently  bent.  The  heaviest  quills  are,  gea- 
erally  speaking,  the  best.  Lately,  steaming  for  four  hours  has  been  proposed  as  a  good 
preparation. 

FECULA  (Fecuk,  Fr. ;  Siarkemehl,  Germ.)  sometimes  signifies  com  fiour,  somethoes 
starch  from  whatever  source  obtained. 

FELDSPAR  (Orfhose,  Fr. ;  Feldspath,  Germ.)  is  a  mineral  crystallizing  in  oblique 
rhomboidal  prisms,  susceptible  of  two  clivages;  lustre  more  pearly  than  vitreoai; 
spec.  grav.  2*39  to  2*58;  scratches  glass;  yields  no  water  when  calcined*;  fusible  st 
the  blowpipe  into  a  white  enamel ;  not  affected  by  acids.  The  liquid  left  from  iU 
analytical  treatment  with  nitrate  of  bar>'U,  nitric  acid,  and  carbonate  of  ammonia, 
affoitls  on  evaporation  an  alkaline  residuum  which  precipitates  platina  from  its  chloride^ 
and  appears  from  this,  as  well  as  other  tests,  to  be  potash.  Feldspar  consists  of— silica, 
66-75;  alumina,  17*50 ;  potash,  12;  lime,  1-25;  oxyde  of  iron,  0*75.  Rate,  Tha 
mineral  is  a  leading  constituent  of  granite ;  and  in  its  decomposed  state  furnishes  the 
petuntse  or  Cornish  stone,  so  much  used  in  the  porcelain  and  best  pottery  mant- 
factures.  , 

FELTING  (Feutrage,  Fr.;  Filzeuy  Germ.)  is  the  process  by  vriiich  loose  flockf 
of  wool,  and  hairs  of  various  animals,  as  the  beaver,  rabbit,  hare,  ^lc.^  are  mutually  is* 
terlaced  into  a  compact  textile  fabric.  The  first  step  towards  making^  felt  is  to  mix^ii 
the  proper  proportions,  the  different  kinds  of  fibres  intended  to  form  the  stuflf ;  and  tlM% 
by  the  vibratory  strokes  of  the  bowstring,  to  toss  them  up  in  the  air,  and  to  cause  tbcn 
to  fall  as  irregularly  as  possible,  upon  the  table,  opened,  spread,  and  Scattered.  Hm 
workman  covers  this  layer  of  loose  flocks  with  a  piece  of  thick  blanket  stuff  slightly 
moistened ;  he  presses  it  with  his  hands,  moving  the  hairs  backwards  and  forwanls  is 
all  directions.  Thus  the  different  fibres  get  Interlaced,  by  their  ends  pursuing  ever  tor- 
tuous paths ;  their  vermicular  motion  being  always,  however,  root  foremost.    As  the 
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aaUing  gets  denser,  the  hand  pressure  should  be  increased  in  order  to  overcome  the  in- 
remsing  resistance  to  the  decussation. 

A  first  thin  sheet  of  sol\  spongy  fell  being  now  formed,  a  second  is  condensed  upon  it 
a  like  manner,  and  then  a  ihird,  till  the  requisite  strength  and  thickness  be  obtained. 
These  dirtcrent  pieces  are  succes>iveiy  brought  together  disposed  in  a  way  suitable  to  the 
irished-for  article,  and  united  by  continued  dexterous  pressure.  The  stuff  must  be  next 
»abjected  to  the  fulling-mill.   See  Hat  Manufacture. 

FERMENT  (Eng.  and  Fr. ;  i/e/e,  Germ.)  is  the  substance  which,  when  added  in  a 
imall  quantity  to  vegetable  or  animal  fluids,  tends  to  excite  those  intestine  motions  and 
eluuigea  which  accompany  fermenution.  It  seems  to  be  the  result  of  an  alteration  which 
regetable  albumen  and  gluten  undergo  with  contact  of  air  amidst  a  fermenting  mass. 
The  precipitate  or  lees  which  fall  down  when  fermentation  is  finished  consist  of  a  mix- 
tore  of  the  fermenting  piinciple  with  the  insoluble  matters  contained  in  the  fermented 
liquor,  some  of  which,  like  hordeine,  existed  in  the  worts,  and  others  are  probably  genera- 
ted at  the  time. 

To  prepare  a  pure  ferment,  or  at  least  a  compound  rich  in  that  principle,  the  precipi- 
tate separated  during  the  fermentation  of  a  clear  infusion  of  malt,  commonly  called 
yeast  or  barm,  is  made  use  of.  This  pasty  matter  must  be  washed  in  cold  distilled  water, 
drained  and  squeezed  between  the  folds  of  blotting  paper.  By  this  treatment  it  becomes 
a  pulverulent  mass,  composed  of  small  transparent  grains,  yellowish  gray  when  viewed 
ia  the  comi)ound  microscope.  It  conuins  much  water,  and  is  therefore  soft,  like  moist 
glaien  and  albumen.  When  dried,  it  becomes  like  these  bodies,  tmnslucid,  yellowish 
brown,  horny,  hard,  and  brittle.  In  the  sod  humid  state  it  is  insipid,  inodorous,  in- 
soluble in  water  and  alcohol.  If,  in  this  state,  the  ferment  be  left  to  itself  at  a  tempera- 
ture of  from  60"  to  70°  F.,  but  not  in  too  dry  a  situation,  it  putrefies  with  the  same  phe- 
nomena as  vegetable  gluten  and  albumen,  and  leaves,  like  them,  a  residuum  resembling 
old  cheese. 

At  the  beginning  of  this  change,  particularly  if  the  ferment  be  enclosed  in  a  limited 
portion  of  air,  there  is  an  absorption  of  oxygen  gas  with  a  fivefold  disengagement  of  car- 
bonic acid  gas ;  while  acetic  acid  makes  its  appearance  in  the  substance.  When  distilled 
by  itself  it  atfords  the  same  products  as  gluten.  Dilute  acids  dissolve  it  very  readily; 
and  so  does  potash  with  the  production  of  ammonia,  a  peculiar  circumstance^  for  in  dis- 
solving gluten  the  alkali  causes  no  such  evolution. 

The  property  possessed  by  yeast  of  determining  the  fermentation  of  a  properly  diluted 
solution  of  sus^ar  is  very  fleeting,  and  is  lost  by  very  trifling  alterations.  It  is  destroyed 
by  complete  desiccation,  and  cannot  be  restored  by  moistening  it  again.  The  attempts 
made  in  London  to  squeeze  out  the  liquid  part  of  yeast  in  bags  placed  in  a  powerful  press, 
and  to  obtain  a  solid  cake,  in  order  to  transport  ferment  to  India,  have  had  but  a  very 
partial  success ;  for  its  virtue  is  so  impaired  that  it  will  rarely  excite  a  perfect  fermenta- 
tion in  the  best  prepared  worts.  The  same  method  is  adopted  in  Germany,  to  send  yeast 
to  only  moderate  distances ;  and  therefore  with  more  advantage. 

If  yeast  be  boiled  for  ten  minutes,  it  loses  the  greater  part  of  its  fermenting  power, 
and  by  longer  boiling  it  becomes  inert. 

When  alcohol  is  poured  upon  yeast,  it  immediately  destroys  its  fermenting  faculties, 
though,  on  filtering  it  olf,  it  seems  to  carry  no  remarkable  principle  with  it.  One  thou- 
itndth  part  of  sulphuric  acid  equally  deprives  yeast  of  its  peculiar  property,  and  so  does 
s  little  strong  acetic  acid.  All  the  acids  and  the  salts,  especially  those  which  part  readily 
vith  their  pxygen,  produce  the  same  efiect.  A  very  small  quantity  of  sulphurous  acid, 
or  sulphites,  mustard  powder,  particularly  the  volatile  oil  of  mustard,  and  in  general  the 
volatile  oils  that  contain  sulphur,  as  well  as  the  vegetables  which  yiekl  them,  such  as 
Wae-radish  and  garlic,  all  kill  the  fermenting  agent.  Lastly,  fermentation  is  completely 
stopped  by  a  moderate  depression  of  temperature. 

Daring  fermentation  the  yeast  undergoes  a  change ;  it  loses  the  property  of  causing 
mother  wort  to  ferment.  This  change  probably  depends  upon  the  chemical  reaction 
between  the  ferment  and  the  sugar  that  is  decomposed ;  for  a  certain  quantity  of  yeast 
can  effect  the  fermentation  of  only  a  certain  quantity  of  sugar,  and  all  the  sugar  exceed- 
ing this  quantity  remains  unalter«l  in  the  liquor.  It  has  been  concluded  from  some  rath- 
fir  loose  experiments,  that  one  part  and  a  half  of  yeast  (supposed  to  be  in  the  dry  state) 
la  adequate  to  the  fermentation  of  a  solution  of  100  parts  of  pure  sugar.  When  such 
a  solution  is  fermented  by  the  precise  proportion  of  yeast,  the  fermenting  principle  is  ex- 
hnitsted,  for  no  new  yeast  is  formed  in  it.  There  is  a  deposite  indeed  to  about  half  the 
ireight  of  the  yeast  employed,  of  a  white  matter  insoluble  in  water,  which  aflbrds  no  am- 
monia by  dry  distillation,  and  is  incapable  of  acting  as  a  ferment  upon  a  fresh  saccharine 
■dlution. 

Of  all  the  bodies  convertible  into  yeast  during  fermentation,  vegetable  gluten 
maA  albumen  possess  the  most  rapid  and  energetic  powers.  But  ordinary  glue,  ising- 
(lass,  animal  fibrine,  curd  or  castuniy  albumine,  urine,  and  other  azotized  substances,  idl 
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miuf  the  pnpuiy  of  eansinf  a  totatkm  of  Mgv  to  ftraMBtj  wUh  Ibii  i 
whilst  yeatt  eui  establith  a  complete  fennentatkm  ia  fcsi  tluui  as  hour,  ■! 
of  about  68^,  the  abo^e  tabsUaces  require  Mfreral  da|%  vith  a  heat  of  1 
F.,  for  beeoni^  ftrmeatt,  aad  for  oeeanoaiaf  fermeatalioB. 
gen  do  not  iMnodaee  a  fermeat. 

FERMENTATION.  (Eag.  and  Fr.  {  Gchnmf  ,  Gem.) 
nader  the  ioftaeaee  of  water,  air,  and  warmth,  are  ahaadoaed  to  the  i 
of  their  proxiaMite  principles  (tngar,  ttareh,  i^atca,  ftc),  they  are  ( 
deeompoMd,  to  that  their  altimate  priaciplet  (oiygea,  hyfliogea,  < 
aaole)  combiae  ia  new  proportkwK,  aad  that  give  fafath  p  ymhom 

thii  proeefs,  the  mend  name  of  fiemcatatioa  hat  heea  gim.   

their  prodocts  ditfer  according  to  the  difeeaeet  of  the  wibetaacet^  aad  oftlie  i 
eet  in  which  they  are  placed.  The  fbUowiag  may  be  caaaMnled  aa  aofflida 
apeetet  of  fermeotatioa.   1.  The  muekarim  ftrmeatatioB,  fa  which  ataidi  aad'^ 
chaaged  into  sugar.  2.  The  rinoat  fermentation,  la  which  togar  ia  conTCfted  nia  ito 
bol.  S.  The  iiiMtfag<aoa«  fermentatioB,  itt  which  lagar  Is  coafcrted  into  t  " 
of  alcohol.  4.  The  aceloat  fWmentatioa,  fai  which  alcohol  aad  other  aBhata: 
Tcrted  iato  Tineear.   5.  The  putrid  fenneatatloa  or  patielhetkMi,  whkfa 
particalarly  the  decomposition  of  axotiaed  organic  tabstaaees. 

1.  Th9  tmceharint  ftrmtntolkm,  Whea  a  paste  nmde  by  boiKng  mm  pnt  of  UmA 
with  tweWe  parts  of  water  is  left  entirely  to  itself,  water  merdy  befaf  itimd  la  mt 


efaporates,  st  the  end  of  a  moath  or  two  In  snmmer  weather  It  is  chaaged  into  sHi% 
equal  in  weight  to  from  ooe  third  to  one  half  of  the  stareh,  and  Jato  rani,  equal  irS 
oae  fiAh  to  oae  tenth,  with  a  residuum  of  staieh  paste  seoMwhat  altered.  TUi  mk 
eharifyiag  process  advances  much  quicker  throudi  the  eo-operatlDa  of  vcfslahle  sftfr 
flsiae  or  gioteo,  acting  as  a  ftrmenL  If  we  bod  two  parts  of  potato  starch'  lite  t 
paste  with  twenty  parts  of  water,  mix  this  paste  with  one  part  of  the  gilatea  of  whtd 
ioar,aad  set  the  mixture  for  8  hours  ia  a  temperatnre  of  fimn  l£lf  to  IffPF^Ik 
miztare  soon  loses  its  pasty  character,  and  becomes  by  degrees  limpid,  traaqpieat,  ssl 
aweei,  passing  at  the  same  time  first  iato  gum,  and  then  into  soger.  The  rtowMa 
coBststs  of  the  unchanged  starch  with  the  altered  ghiteB»  which  has  beeooie  soar,  ail 
Ims  lost  the  faculty  of  acting  npon  firesh  portkms  of  staieh.  It  is  pv^mhle,  hovesoi 
that  the  sugar  formation  in  the  first  ease,  when  the  stardi  nadergoea  a  woataaswi 
dwnge,  may  be  doe  to  the  actba  of  a  small  portioa  of  glntea  and  albamue  M  is 
the  starch,  since  a  putrefactive  smell  is  eventually  evolved  indicative  of  that  aiotM 
matter.  The  eum  into  which  during  this  process  the  starch  is  first  conyerted,  aad  wM 
becomes  afterwards  sugar,  is  of  the  same  nature  as  British  gum,  formed  by  Uie  roastisg 
of  starch. 

This  production  of  sugar  takes  place  in  the  germination  and  kiln-drying  of  malt ;  sid 
the  mashini;  of  the  brewer  as  well  as  the  sweetening  of  bread  in  baking,  rests  upon  tk 
same  principles.  In  many  cases  the  vinous  fermentation  precedes  the  saccharifiodiss, 
or  accompanies  it;  the  starchy  parts  of  the  fermenting  mass  changing  into  sngir, 
while  the  previously  formed  sugar  becomes  wine  or  beer.  In  the  sweetening  of  fiaiti 
by  keeping,  a  similar  process  occurs ;  the  gummy  and  starchy  fibres  become  sugar  fitm 
tiie  action  of  the  glutinous  ferment  which  they  contain ;  as  happens  also  to  the  juiceisf 
many  fruits  which  sweeten  for  a  little  while  after  they  have  been  expressed. 

The  nature  of  this  snirar  formation  through  the  influence  of  gluten  upon  starch,  is  n* 
doubtedly  the  same  as  the  conversion  of  starch  into  sugar,  by  boiling  it  mifk  sulplmzie 
aeid  ;  thontrh  the  whole  theory  of  this  change  is  not  entirely  developed. 

The  roost  enenretic  substance  for  the  conversion  of  stareh  into  sngar,  is  the  malt  cf 
barley.  According  to  the  researches  of  Payen  and  Persoz,  the  gum  which  by  (kii 
process  h  first  formed,  may  be  prevented  from  going  into  sugar,  by  merely  exposiag  ft 
to  a  boiling  heat,  and  hence  we  have  it  in  our  power  either  to  make  sugar  or  gosi  it 
pleasure.  Of  finely  ground  malt  from  10  to  25  parts  must  be  taken  for  100  puts  of  studi 
Into  a  pan  placed  in  a  water  bath,  400  parts  of  water  being  wanned  to  from  77°  voWft 
the  ground  malt  must  be  stirred  in,  and  the  temperature  must  be  raised  to  140^.  The  100 
parts  of  starch  must  now  be  added,  and  well  mixed.  The  heat  is  then  to  be  incretfrf 
to  158°  F. ;  and  be  so  regulated  that  it  shall  not  fall  bdow  149*,  nor  rise  above  161*. 
In  the  course  of  20  or  30  minutes  the  originally  milky  and  pasty  liquid  will  beeoM 
gradually  more  attenuated,  and  eventually  it  will  turn  as.ilnid  nearly  as  water.  M 
is  the  point  of  time  in  which  the  starch  has  passed  into  gum,  or  into  the  siAstttce 
lately  denominated  deiirim  by  the  chemists.  Should  this  mudlaginons  matter,  lAoA 
appears  to  be  a  mixture  of  gum  and  a  little  starchy  sngar,  be  wished  for  in  that  stiK^ 
the  temperature  of  the  liquid  must  be  suddenly  raised  to  the  boiling  point,  whereby  tbe 
forther  action  of  the  malt  upon  it  is  stopped.  But  on  the  other  hand  if  sugar  be 
desired,  then  the  temperature  must  be  steadily  maintained  at  from  168^  to  167"  A* 
three  quarters  of  an  hour,  in  which  time  the  greater  part  of  the  starch  wifl  have  beeooe 
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«cigmr,  ftad  from  the  evaporation  of  ihe  (luid  a  starcliy  simp  will  be  obtained,  entirely 
tumlur  to  that  pracurnbL^  by  the  action  of  very  dilttte  sulphuric  acid  upon  Rtareb. 

The  substance  which  operates  tkis  ^jncchtiriae  chan^Cj  or  the  appropriate  yeast  of  the 
sugar  iVrmenlation,  which  had  been  previously  imagined  to  be  a  residuum  of  eluten  or 
▼egetnble  albumen  in  the  germinated  grain,  has  been  traced  bjr  Payen  atid  Pcrsoz  to  « 
peeultar  prusiwale  vegetable  priacijde  called  by  them  diftstast.  Thl*  sinb^Tance  i^  jjen* 
erated  dtirin^  the  j^crtninatiun  uf  btirleyj  oatSj  and  whemt,  and  may  be  obtained  scparatelf 
bf  incising  the  ground  malt  in  a  ^nali  quantity  of  cuJd  vrater,  strain iciE;  o&  the  liquor^ 
then  iiltcrin^  it,  and  he^tin^  the  clear  solution  in  a  wntcrhiith  to  the  temperature  of 
158*  F.  The  greati'f  p^xrt  of  the  vesetuble  albumen  is  thus  coa^ulflted,  and  must  be 
tqmrated  by  a  fresh  HUmtiou  t  the  \v[mi  is  af\erwards  treated  wtlh  alcdbol  as  lung  as 
ildceuleni  preej|)itate  of  diastase  falls.  In  order  to  purify  it  still  more  completely 
^^001  the  axotized  in ti iter,  it  m^iy  be  fjntii  more  di*isolved  m  \?ater,  and  nj?ain  precipitated 
by  adeohuK  When  dried  at  a  luw  temperature,  it  appetira  as  a  white  ^lid,  which  con- 
tmilu  no  nzote,  is  iii^ciluble  in  strong  alcohol,  but  dki'olvcs  in  weak  Atc<>hnl  and  water, 
lit  taluttoa  ii  neutral  and  tat^tele^-^ ;  and  if  led  io  itself^  it  ehanges  E^pofitaneously,  sooner 
Uf  tale r J  according  to  the  degree  of  warmth,  and  becomes  sour.  At  the  temperature  of 
Ironi  149^  to  lOS*,  it  has  the  properly  of  converting  starch  into  gum  or  dextrine,  and 
mf  ar  |  and,  when  sufficiently  pure,  it  doei  llits  with  such  energy ^  that  one  part  of  tt  li 
capable  of  saccharify  in  g  2000  parts  of  dry  starch.  It  acts  the  more  rapidly  the  larger 
ila.  proportion.  Whenever  the  solution  uf  diastnse  with  .stnrcb  or  dextrine  has  been, 
heated  to  the  boiling  iHiint,  it  los^  the  property  of  transforming  these  snbstaneeSp  One 
hundred  parts  of  well  malted  harky  appear  to  contain  about  one  part  of  IhiB  new  body. 

2,  Tke  t'tnoits  FermctUittiim.^ln  this  fermentation  ibe  sn^r  extsting  in  watery  soln* 
tion  is,  by  the  operation  of  the  ferment  or  yeast,  converted  into  aleohol,  with  dtsengage- 
eieal  of  carbonic  add  gas.  If  we  dissolve  one  part  of  pure  sugar  in  ten  parts  of  wntfr, 
ftiicl  leovc  the  solution  in  a  temperature  of  from  6S*  to  IT'  F.,  which  is  that  mo?t  favor^ 
mble  to  fermentation,  it  will  remain  nnaltered.  But  if  we^tir  into  that  solution  some  beer 
yea5t,  the  phenomena  of  ferinenlalion  soon  appear  in  the  above  circumstances  j  for  ear* 
bonic  acid  ga,^  is  evolved,  with  intestine  movements  of  the  liquid,  and  an  increase  of  its 
temiTerattjrp.  A  body  of  yenst  rises  to  the  surface,  and  exbihits  a  continual  formation  attd 
rapture  of  nie  bubbles.  At  Length  the  sugnr  being  in  a  g^reat  measure  decomposed,  Ihe 
fllOtioits  ceasi;,  the  liquor  becomes  clear,  and  instead  of  being  a  sirup,  it  is  now  a  dilute 
mkohoJ.  The  yeast  has  by  this  lime  fallen  to  the  bottom  in  a  isomewhnt  compact  form, 
ami  of  a  whitish  color,  deprived  of  the  property  of  eiciiing  fermentaiion  in  fresh  sirup, 
pfi&Yifl^  no  iindue  csce,*v5  of  it  was  added  at  first,  for  that  alone  would  remain  effective* 
Ei|ierk-nce  shows  that  for  the  conversitin  of  a  deierminnte  qnautity  of  nngtt  by  fermeo- 
tfttion,  a  determinate  quantity  of  yeast  is  necessary,  which  fa  as  been  e^timMed  at  about 
]|  |*ef  cent*  in  Ibe  dry  state^  When  the  yeast  bus  been  decompoged  by  fermenting  its 
defintte  iiroportion  of  sugar,  it  luses  its  fermentable  property,  and  leaves  ibe  excess  of 
iQgajr  unaifeetcd,  forming  a  sw^ect  vinous  solntion*  The  same  thine:  happens  if  the  yeast 
be  sepianilcJ  from  the  wort  by  a  filter  in  the  progress  of  the  fermentation,  for  then  all 
tnCestifie  motion  speedily  stops,  although  much  saecbarine  matter  remains* 

In  t!ie  juices  of  sweet  frnits,  of  ^rapeSg  for  extunple,  the  fermeat  is  intimately  asscK 
ciftled  with  Ibe  sugar.  It  is  at  first  soluble  and  mactivej  till  it  absorbs  oxyi^en  from  the 
atniiospberc,  whereby  it  becomes  an  operative  ferment,  but,  at  the  snjue  time,  insoluble, 
10  ftt  to  preci  pit  site  at  the  end  of  the  process.  Wben  thf  expressed  juice  of  the  grape, 
or  fiwtff,  is  enclosed  in  %  vessel  ont  of  contact  of  air,  and  there  subjected  to  tfai*  beat  of 
boiling  wntrr,  the  small  portion  of  oxygen  present  h  rendered  inactive,  and  rhr  liquor 
^pertences  no  fermentative  change.  If  the  grtipesbe  9r|uee2ed  in  aji  atmosphere  deprived 
of  ojtygeil,  »nd  confined  ia  the  same,  the  juice  will  also  remain  unaltered*  Recently  ex* 
preased  grope  juice  is  limpid,  and  manifests  the  commencement  of  fermentation  by  the 
lepAratiofi  of  the  yeasty  sub^iance^  wbich  can  take  place  only  with  access  of  air.  The 
Mkltition  becomes  inrbid  after  a  certain  lime,  gas  begins  to  be  evolved,  and  the  separated 
ferment  decompose!  the  sugar.  At  the  end  of  the  process  the  yeast  collects  at  the  bot- 
lom  of  the  ve^l,  usually  in  larger  quantity  than  was  stiffictent  to  eomjikte  the  ft^rmen- 
tolion;  and  hence  a  considerable  portion  of  it  possesses  still  the  fermentative  faculty. 
The  fermeulaliDo  itself,  when  once  be^uuj  that  is,  whenever  the  fmstf  particles  are 
CTolved  and  fioat  in  the  liquid^  for  which  evolution  a  very  minute  quaJltity  of  oxyi^  is 
■nlScicnt,  is  theneefcrrth  independent  of  the  eon  tact  of  air^  and  goes  on  as  well  in  close 
tti  in  open  vcs^hels ;  so  that  the  production  of  alctjhol  and  carbcfnie  acid  depends  sole^ 
mpotx  the  mutual  reaction  of  the  ferment  and  the  ^ugar. 

The  yeast,  which  may  be  obtained  tolerably  pure  from  a  fine  infusion  ot  malt  in  & 
tflmte  of  fermentation,  after  being  washed  with  cold  water  to  separate  the  soluble,  gummyv 
and  taccharme  matter,  and  after  being  i^ressed  between  folds  of  blotting  paper,  consti^ 
totes  a  paJverulent,  grayish  yellow,  gmniilar  ftibsinnce.  destitute  of  both  taste  and  smell, 
insoluble  both  in  water  and  aleoboU  CoM  water  dissolves^  indeed,  only  j^jp  <Lnd  boiling 
vmtec  f  erf  liltk  loore, 
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The  emtkllj  opmlire  eontUtiieait  of  ycwt  is  a  penttur  MOlini  flntlflr,  vUdkh  ' 
the  wine  rmi  it  mixed  with  loiDe  tartar  and  other  taltiy  and  in  lie  bear  tan  villi  gm^ 
■tarcb,  4te.  This  animalited  sabetanee  may  be  obtained  in  n  nepninte  Mto^  aeeoimig 
to  Braconnot,  bjr  acting  npon  the  waslied  yeati  powder  with  a  wbbIk  lay  of  cniboMie  if 
potash,  and  by  decomposing  the  solation  with  Tiaegary  whenlv  the  aatter  is  Ihim 
down  in  a  gdatinons  form.  The  sobstanee  thns  obtained  is  insolnble  m  wM  vilv 
and  alcoho],  hot  dissolres  readily  in  very  dilate  afltaliae  leys^  an!  «fcn  ht  Umm  wrtg. 
When  difinied  throng  water,  it  assomes  a  boowgeneons  asnaelt  an  if  il  wen  Mb 
dissolved ;  bat  when  this  jsixture  is  heated,  the  aniaaliwd  matta  WMignlitiia  mil 
separates  in  thick  flo^  In  this  state  it  has  lost  its  fonner  pnpcrtiek  baiig  M  ieiK 
soiable  in  alkaline  leys,  even  when  eoaeentrated.  Aeids  exercise  no  aobcat  power  sm 
this  peeoliar  matter ;  they  predj^tate  it  ftom  its  solotkin^  ns  do  nlso  tho  cnithy  ssd 
aMtallic  salts,  which,  moreo?er,  eombiae  with  iu  This  is  also  Che  cue  wilk  tSHB^ 
The  combiaation  of  the  ferment  stnff  with  acids  inereeses  the  slnhililj  of  its  eo■•lifetfi■^ 
and  counteracts  its  tendency  to  inflnenee  sdlntions  of  sagar.  These  proper^  sf  As 
operative  principle  of  yeast  explain  many  of  the  phenanseaa  of  ftnnenfafioo,as  we  shrii 
presently  see. 

The  animalixed  matter  of  yeast  resembles  glnten,  albamen,  essenm,  and  other  nasdiii 
^bstances;  if  any  one  of  these  be  pnt  into  a  saeehariho  wintion  ready  finr  feinnnlsilm,  ^ 
it  will  begin  to  operate  a  change,  when  aided  by  wiurmlh  and  time,  if  it  be'  prerisnik 
decomposed  in  soene  measure  to  facilitate  its  influence  i  or  if  these  sahstaneee  he  hni^ 
into  a  slightly  potrescent  sute  beforehand,  they  wfll  canse  more  speed j  fcrmcnUtiiB. 
Thus  while  of  egg,  when  added  to  saccharine  liquors,  requires  a  period  of  three  wedl^ 
with  a  temperature  of  96^  F.,  before  it  will  excite  fermeuUtion  t  afterwaida  the  camw 
of  the  albamen  forms  a  precipitate  which  may  be  used  instead  of  yeast  npoo  other  snet 
worts.  The  rapidity  with  which  such  axotixed  substances  are  capaUe  of  being  eonvaisl 
into  fermeots  of  more  or  less  parity  and  power  is  very  variable  i  vegetable  glnicn  sal 
albamen  being  best  fitted  for  this  jparpose.  This  converskm  is  aeederated  wiien  Ihi 
sweet  liquor  in  which  the  substance  u  diffused  or  dissolved  has  already  began  to  feiBsadi  | 
whence  it  appean  that  the  presenee  of  carbonic  acid  m  combined  with  the  Uqao^il  | 
here  of  singular  infinenee.  Upon  it^  in  fad,  the  fofmatkm  and  eliminniioii  of  the  yont 
in  fermenting  liqnon  depend. 

A  solution  of  pure  sugar,  which  has  been  made  to  finrment  by  the  additioB  of  ycai^ 
ibraishes  no  new  yeast;  but  there  remains  after  the  process  a  portion  of  the  yeast  «rj^ 
nally  mixed,  in  an  altered  inoperative  condition,  should  its  quantity  have  been  exs^ 
adequate  to  the  decomposition  of  the  sugar,  or  in  an  operative  stale,  should  the  quaatiiy 
have  been  originally  excessive. 

But  if  the  fermentable  liquor  contains  vegetable  albumen  and  gluten,  as  is  commosly 
the  case  with  the  sweet  juices  of  fruits  and  beer  worts,  these  substances  become  changed 
into  ferments  in  the  course  of  the  fermentation  induced  by  the  yeast,  and,  being  super- 
fluous, so  to  speak,  for  that  particular  process,  they  remain  entire  at  the  end,  and  may  ke 
collected  for  use  in  other  operations. 

Upon  this  principle  is  founded  the  increased  production  of  yeast,  and  the  manufaetne 
of  what  has  been  called  artificial  barm,  in  which  the  fermentation  is  conducted  chiely 
with  a  view  to  the  formation  of  yeast.  To  the  fermenting  mass,  those  kinds  of  meal  arc 
added,  which  abound  in  albumen  and  glnten,  as  barley,  beans,  or  wheat,  for  instance; 
and  the  process  is  similar  to  the  production  of  a  great  lump  of  leaven,  from  the  actioa 
of  a  small  piece  of  it  upon  dough.  The  following  prescription  will  illustrate  this  snIjecL 
Take  three  ounces  of  bean  flour,  add  to  it  five  quarts  of  boUing  water,  and  boil  the 
mixture  for  iialf  an  hour.  Pour  the  decoction  into  a  vessel,  and  stir  into  it,  while  hoL 
56  ounces  of  wheatcn  flour.  AAer  the  mixture  cools  to  the  temperature  of  54^  F.,  sdi 
to  it  about  two  quarts  of  beer  barm,  stirring  the  whole  well  together.  About  24  hoen 
after  the  commencement  of  the  fermentation,  incorporate  with  uie  mixture  1X2  onnceso( 
barley  or  bean  flour,  till  it  becomes  a  uniform  dough,  which  must  be  thoroughly  kneaded^ 
rolled  out  into  cakes  about  an  inch  thick,  and  cut  into  pieces  of  the  size  of  a  doOsi. 
These  cakelets  must  be  dried  upon  laths  in  the  sun  in  favorable  weather,  and  then  pet 
up  in  a  drj-  situation.  For  use,  one  of  these  discs  is  to  be  broken  into  pieces,  laid  is 
warm  water,  and  set  in  a  warm  place  during  12  hours.  The  soft  mass  will  then  sene 
the  purpose  of  beer  yeast. 

Or  we  may  mix  equal  parts  of  barley  malt,  wheat  malt,  and  crashed  rye,  poor  water 
at  the  temperature  of  12S^  F.  over  them  into  a  tub  till  it  stand  a  span  above  their  ser 
face;  then  stir  well  together,  and  allow  the  whole  to  remain  at  rest  for  a  few  hooOb 
till  it  cools  to  about  65°  F.  We  must  now  add  for  each  pound  of  the  mingled  meel^ 
a  quarter  (  f  an  ounce  of  beer  barm.  The  tub  must  be  then  covered,  and  presened  el 
a  temperature  of  63°  F.  The  husks,  as  they  begin  to  rise  to  the  surface,  in  conseqncsee 
of  the  fermentation,  must  be  taken  off  and  squeezed  through  a  doth  over  the  veeicL 
When  the  meal  comes  afterwards  to  subside  to  the  bottom,  the  whole  must  be  sbaieei  i 
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invass  bas;,  and  freed  from  the  saperfluous  moisture  by  squeezinsr.  The  bag 
ehy  mass  mast  next  be  surrounded  with  dry  ashes,  to  remove  the  remaining 
id  to  arrest  any  further  fermentation.  This  consistent  ferment  may  be  used 
eer  yeast. 

:ult  to  prepare  an  artificial  yeast  without  barm.  The  best  process  for  this 
he  fullowin?.  Take  five  parts  of  huney,  one  part  of  powdered  tartar,  and 
$  of  wheat  or  barley  malt,  stir  the  whole  in  water  of  the  temperature  of  122P 
e  in  a  fermenting  heat;  when  the  yeast  will,  as  usual,  be  eliminated, 
ige  which  gluten  or  vegetable  albumen  undergoes  in  the  different  kinds  of 
it  becomes  a  ferment,  consists  apparently  in  an  oxydation,  since  analysis 
;his  ferment  contains  more  oxygen  than  gluten  does. 

«n  already  stated  that  yeast  in  its  liquid  condition  readily  putrefies,  and 
>gether  useless  for  the  process  of  fermentation.  In  order  to  preserve  it  for 
t  must  be  dried  lo  such  a  degree  as  to  resist  spontaneous  decomposition 
ng  its  fermentative  faculty ;  but  completely  dried  yeast  loses  that  property, 
i  recover  it  by  being  again  moistened.  Beer  barm  may  be  dried  aAer  being 
;ral  times  with  cold  water,  till  the  last  quantity  comes  oflf  clear;  but  the  in- 
ion  must  be  allowed  to  settle  fully  before  the  water  is  poured  away  from  it. 
im  being  freed  as  much  as  pi)ssible  .from  water,  by  drainage  and  pressure 
inel  cloths,  is  to  be  dried  in  the  shade  by  a  current  of  warm  air  as  quickly 
with  the  aid  of  frequent  turning  over.  It  must  be  afterwards  kept  in  dry 
(els.  Yeast  may  also  be  preserved  a  short  time  in  activity  by  being  kneaded 
ch  barley  or  wheat  fiour  as  it  can  take  up  without  losing  the  doughy  con- 
►ried  yeast  has,  however,  always  an  impaireid  activity.  The  easiest  and  most 
lod  of  preserving  yeast  in  its  primitive  power,  is  by  mixing  it,  after  pressure 
rith  as  much  pulverized  sugar  as  will  render  it  dry,  and  putting  up  the  mix- 
ight  vessels.  The  fermentative  power  of  yeast  is  destroyed  by  the  following 
is  already  stated,  by  making  it  completely  dry  either  by  the  evaporation  of 
r  its  abstraction  by  alcohol ;  2.  by  boilins:,  which  if  continued  fur  ten  minutes 
$t  quite  inoperative  ;  3.  by  the  action  of  such  substances  as  dissolve  out  its 
tstituents ;  by  alkalis,  fur  instance,  since  the  particles  of  yeast  seem  to  be 
ly  in  their  insoluble  granular  state ;  4.  by  such  substances  as  form  combina- 
,  and  thereby  either  alter  its  nature,  or  at  least  increase  the  cohesion  of  its 
>arls,  so  that  they  can  no  longer  operate  upon  sweet  liquors  by  the  decompo- 
of  its  ultimate  particles.  Such  bodies  are  the  acids,  especially  the  mineral  ' 
and  most  salts,  particularly  the  metallic,  which  unite  with  the  yeast  into  new 
The  volatile  oils  which  contain  sulphur  exercise  the  same  paralyzing  infin- 
east. 

mstances  which  promote,  and  are  necessary  to,  the  vinous  fermentation  are, 
to  the  above  views,  the  following : — 1.  The  presence  of  the  proper  quantity 
ist,  and  its  proper  distribution  through  the  worts.  If  in  the  course  of  a  slack 
,  the  yeast  subsides  to  the  bottom,  the  intestine  motions  cease  entirely,  but 
excited  anew  by  stirring  up  the  ingredients,  or  rousing  the  tun,  as  the  brew- 
.  A  certain  degree  of  warmth,  which  should  never  be  less  than  51®  F.,  nor 

J  the  temperature  of  from  68°  to  77°  being  the  most  propitious  for  the 
ent  and  pro!?ress  of  fermentation.  When  other  circumstances  are  the  same, 
of  the  fermentation  is  proportional  to  the  temperature  within  certain  limits, 
»wering  it,  the  action  may  be  moderated  at  pleasure.  3.  The  fermentation 
I  better  and  more  equably  the  greater  the  mass  of  fermenting  liquor,  probably 
)f  the  uniformly  high  temperature,  as  well  as  the  uniform  distribution  of  the 
des  of  the  yeast  by  the  greater  energy  of  the  intestine  movements.  4.  The 
olution  must  be  sufficiently  diluted  with  water ;  when  too  much  concentrated 
erment.     Hence  very  sweet  musts  furnish  wines  containine:  much  undecom- 

For  a  complete  fermentative  action,  one  part  of  sugar  should  be  dissolved 
of  water. 

tion  may  be  tempered  or  stopped :  1.  by  those  means  which  render  the  yeast 
particularly  by  the  oils  that  contain  sulphur,  as  oil  of  mustard ;  as  also  by 
)U8  and  sulphuric  acids.  The  operation  of  the  sulphurous  acid  in  obstructing 
ition  of  must  consists  partly,  no  doubt,  in  its  absorbing  oxygen,  whereby  the 
of  the  yeasty  particles  is  prevented.  The  sulphurous  acid,  moreover,  acta 
fully  upon  fermenting  liquors  that  contain  tartar,  as  grape  juice,  than  snl 
This  acid  decomposes  the  tartaric  salts,  and,  combining  with  their  baset, 
getable  acid  free,  which  docs  not  interfere  with  the  fermentation ;  but  the 
acid  operates  directly  upon  the  yeast :  2.  by  the  separation  of  the  yeast,  either 
:er  or  by  subsidence  :  3.  by  lowering  the  temperature  to  45°  F.  If  the  fcr- 
m  become  clear  at  this  temperature,  and  be  drawn  off  from  the  subsided  yeaili 
erment  again,  though  it  shouki  be  heated  to  the  proper  pitch. 
30 
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The  products  of  vinous  fermentation  arc  carbonic  acid  gas,  and  alcohol ;  of  which  the 
former  escapes  during;  the  process,  except  in  the  ca^e  of  the  si)arkling  wines,  like  chaa* 
pai^n,  that  are  partially  fermenird  in  cluse  vessels.  The  alcohol  remains  in  the  fennnit* 
ed  liquur.  100  pails  of  siii;ar  afl'urd  by  complete  decomposition  nearly  50  parts  of  alco> 
hoi.  According  lo  Theiianl,  KK)  parts  of  sugar  are  converted  into  46'8  parts  of  carbocie 
acid,  and  49  38  of  uleuhul ;  Ix'sides  3-82  pari*  of  carbon  otherwise  employeil,  which  the 
sugar  contained,  above  what  is  present  in  the  foimer  two  products.  This  chemist  foiiDd 
in  the  fcintented  lir{uor  -I  per  cent,  of  nn  extractive  matter,  soluble  in  water,  and  havin; 
an  acidulous  reaction,  to  whose  fornmiiun,  proli:iblr,  that  excess  of  carbon  may  be  neet5- 
sary.  In  what  way  the  acti«in  of  ihe  yeasty  particles  upon  the  saccharine  substance  is 
carried  on  in  the  vinous  fernieiitaliorj,  or  what  may  be  the  interior  working  of  this  pro- 
cess,  is  not  accurately  understood.  The  quantitative  relation  of  the  caibonic  acid  and 
alcohol  to  the  sui^ar  is  pretty  well  iiiatle  out;  but  the  determination  of  the  ultimate  pria- 
ciples  of  the  ferment  itself,  bel'oie  and  after  the  vinous  change,  and  of  the  residuum  di^ 
solved  in  the  fermented  liquor,  has  not  been  well  ascertained.  It  is  probable  that  the 
yeast  uudercoes  in  the  process  a  similar  decmn posit i<m  to  that  of  the  putrefactive,  ind 
that  its  elementary  constituents  enter  into  newcuinbinntions,  and  abstract  >o  much  carbua 
and  hydriigen  from  the  su^zar,  that  the  remainder,  amounting  to  9H  per  cent,  of  the  whole, 
may  constitute  one  atom  of  alcohul  and  one  of  carbonic  acid. 

3.  The  slimy  or  glntinom  ju  mcnttif ion. — This  pmcess  takes  place  in  weak  solntioiis 
of  su:;ar,  at  oniinary  fermentin;;  temperatures,  where,  from  defect  of  cood  yeast,  the 
vinous  fermentation  cannot  procee«l.  In  such  circumstances,  from  one  part  of  sugar,  om 
third  part  of  gum  is  formed.  Acconlinc  to  De^fo^ses,  however,  UH)  parts  of  sugar  afford 
10i)-48  of  cum  or  sliuje.  Thi^  is  formed  when  one  part  of  sntar  is  dissolved  in  iwcotr 
parts  of  water,  which  had  been  previously  boiletl  with  washed  barm  or  gluten,  and  th*i 
Hlteied.  The  process  pioceeds  slowly  and  (piielly,  equally  well  in  close  ve>sels,  as  irilk 
contact  of  air,  aud  continutsat  ordinary  temperatures  abcut  12  days;  bui  it  goes  on  more 
rapidly  and  completely  at  the  heal  of  from  77^  to  .S(>®  F.  A  small  quantity  of  hvdrogrt 
and  carbonic  acid  cas  is  disenirnized,  in  the  pr(»poriion  of  two  to  one  by  volume!  The 
fermenled  liciuor  becomes  turbid,  nn<i  assumes  a  tough  thready  appearance,  like  n  decoc- 
tion of  linsfed.  A  small  addition  of  sulphuric  or  sulphurous  acid,  of  muriatic  acid  aod 
alum,  or  of  tannin,  impedes  this  spvcies  of  fermentatitm  ;  because  these  substances  com- 
bine, as  in  the  vinous  fermentation,  with  the  ferment  into  an  insoluble  precipitate,  unsos- 
ceplible  ol'  lurlher  cimnije.  In  many  wines,  especially  when  botlled,  this  slimy  fermenta- 
tion (K'curs,  ami  occaviims  lli»'ir  ropiness,  which  may  be  best  reiiie<iird  or  pre\cnleil  by 
the  aijiiiliiirj  tjf  tiim'h  lam. in  as  will  pieci|»i!ate  ihe  di*i<olv('tI  ii;mcou'<  mailer.  Tliis 
«ipeci»'»i  fd"  rernM  ritation  a!lark>  very  rapidly  the  rin*»inir  waters  of  the  suiiar  retiner. 
wliicli  always  coniain  s«.i;i»'  f'-i n.(  nlalive  L'lutcn.  A  little  alum  is  the  I>esl  jirevi-nlive 
in  this  case,  becau-ie  it  ])reci|iilat« >  llie  dissolved  ferment. 

•1.  The  acetout  or  sour  hrmnnutiun. — In  lliis  process,  alcohfl,  more  or  less  dilute,  is 
resolved  into  water  ;nid  vin<'i:ar,  in  eonsequence  of  the  operation  (tf  th»*  ferment;  oxy- 
dizemcnt  of  the  aleoliol  lifinir  ellreled  by  the  o\y:;en  of  the  atmos]>herical  air.  The 
requisites  of  this  proceN^  have  beirn  already  deiuiled  under  the  article  Acitic  Arir. 
They  are  ihe  presence  of  atino-ipherical  air ;  alc(dud  diluted  to  a  certain  de^rt-e  with 
water  iVrrnenl  or  jea<l,  ami  a  leinptralure  above  V.  The  most  active  formenl*  are 
such  Mibstunces  as  have  already  passed  into  the  acel(»us  slate;  hence  vinegar,  tsjwiil!; 
when  it  contains  some  yca»il\  particles,  or  is  combined  with  jM>rous  and  spongy  bi-Jie#. 
so  as  to  mulliply  its  points  of  contact  with  the  vinous  liquor,  is  particularly  poweri-il. 
Coinn.on  \v\\s\  may  al>o  be  enjplojed  lor  vinei:ar  ferments,  if  it  be  imbued  with  a  hftie 
vinetrar,  with  leavcMi,  cruets  of  biead  soaked  in  xinccar,  the  stalks  and  husks  of  grapr*. 
sawdust  and  shavings  of  beech  or  oak  imprejrnaled  wiih  vinesrar,  or  the  slimy  scdirurnt 
of  vinegar  casks  calletl  tnother ;  all  of  which  operate  as  ferments  chiefly  in  consequence 
of  the  vinegar  which  they  coniain.  The  inside  shavings  of  the  slaves  of  vineirar  luns 
act  on  the  same  principle. 

The  acetous  fermenlation  may,  moreover,  go  on  along  with  the  vinous  in  the  same 
liquor,  when  this  contains  sugar  as  well  as  alcohol.  Whilst  the  acidification  of  the  alcoh- 1 
is  effected  by  the  absorption  of  oxygen  from  the  atmosphere,  the  sugar  becomes  alctihi ! 
with  diseni»acement  of  carb<mic  acitl,  and  then  passes  into  vinegar.  Since  most  iirjnors 
intended  for  makinj;  vinegar,  such  as  wine,  juices  of  fruits,  ales,  &c.,  contain  still  a  litrfe 
sugar,  they  disensage  always  a  little  carbonic  acid.  Besides  spirits,  some  other  substan- 
ces, such  as  gum,  the  mucilase  of  plants,  and  starch  paste,  directly  iferment  into  vinesv- 
Sufiar  also  seems  to  be  convertible  into  vinegar  without  any  vinous  chance.  The  albu- 
minous matter  of  potato  juice,  jirecipilated  by  vinegar,  seri'es  as  a  proper  ferment  for 
that  purpose,  when  added  in  its  moist  slate  lo  weak  sirup.    5.  See  Pi  trkfaction. 

Mr.  William  Black,  in  his  treatise  on  Brewini;,  has,  w  ith  much  ingenuity  and  apparefit 
truth,  endeavored  to  show  that  the  process  of  fermenlation  is  strongly  influenced  fcj 
cJecU  icily,  not  only  tliat  of  the  atmosphere,  as  has  been  long  known  from  the  circuEistaiice 
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of  beer  and  wine  becoming  speedily  sour  after  thunderstorms,  but  the  voltaic,  produced 
by  electric  combinations  of  metals  in  the  fermenting  tuns.  He  therefore  recom- 
mends these  tuns  to  be  made  with  as  little  metallic  work  as  possible,  and  to  be  insulated 
from  the  floor  of  the  brewhoiisc.  For  the  propriety  of  this  advice  he  adduces  some 
striking  examples.  Wort  which  hod  become  stationary  in  its  fermentation,  on  being 
pomped  out  of  square  gyles  imbedded  in  the  floor,  into  casks  placed  upon  woodea 
stillions,  began  immediately  to  work  very  well,  and  gained  about  6  degrees  of  attenuation 
while  throwing  oflf  its  yeast.  From  the  stagnation  of  the  process  in  the  gyles,  he  had 
in  the  morning  predicted  an  approaching  thunderstorm,  which  accordingly  supervened 
in  the  course  of  the  evening.  In  further  support  of  his  views  he  instances  the  fact,  that, 
in  dairies  where  the  milk  is  put  into  porcelain  vessels,  and  placed  upon  wooden  shelves, 
it  is  seldom  injured  by  lightning;  but  when  contained  in  wooden  or  leaden  vessels,  and 
placed  upon  the  ground,  it  almost  invariably  turns  sour  in  thundery  weather.  His 
general  conclusion  is,  **  that  the  preservation  or  destruction  of  beer  depends  upon  elec- 
tricity ;  and  the  most  certain  mode  of  preservation  is  to  insulate  as  much  as  possible, 
both  the  squares  and  all  other  utensils  or  vessels  connected  with  the  brewing  or  storing 
of  beer." 

Mr.  Black  further  considers  that  unsoundness  of  worts  is  often  the  result  of  electricity 
excited  between  the  mash  tun  and  the  copper. 

Why  is  beer  liable  to  get  spoiled  in  thunder-storms,  though  apparently  well  insulated 
in  glass  bottles  ? 

I  shall  conclude  this  article  with  Mr.  Black's  description  of  the  phenomena  of  beer 
fermentation.  In  every  regular  process  there  are  five  distinct  stages.  In  the  first 
we  see  a  substance  like  cream  forming  all  round  the  edges  of  the  gyle  tun ;  which  ex- 
tends towards  the  centre  until  the  whole  is  creamed  over,  constituting  the  first  change. 
Next  a  fine  curl  appears  like  cauliflower,  which  also  spreads  over  the  square  surface, 
and  according  to  the  streni^th  and  appearance  of  this  curl,  the  quality  of  the  fermenta- 
tion may  be  predicated.  This  he  calls  the  second  stage.  What  is  technically  called 
the  ttomach  or  vinous  vapor  now  begins  to  be  smelt,  and  continues  to  gain  strength 
till  the  process  i^concluded.  From  the  vinous  energy  of  this  odor,  and  the  progressive 
attenuation  of  the  wort,  the  vigor  of  the  fermentation  may  be  inferred.  The  experienced 
brewer  is  much  guided  in  his  operations  by  the  peculiarity  of  this  eflluvium.  The  third 
change  is  when  the  cauliflower  or  curling  top  rises  to  a  fine  rocky  or  light  yeasty  head; 
and  when  this  falls  down,  the  Amrth  stage  has  arrived.  Finally  the  head  should  rise  to 
what  is  called  close  yeasty,  having  the  appearance  of  yeast  all  over.  About  this  period 
the  gas  becomes  so  |)owerful  as  to  puflf  up  occasionally  in  little  bells  or  bladders  about  the 
size  of  a  walnut,  which  immediately  break.  Th^  bells  should  appear  bright  and  clear. 
If  they  be  opaque  or  whey  colored,  there  is  some  unsoundness  in  the  wort.  The  great 
point  is  to  add  jnst  so  much  yeast  as  to  carry  the  fermentation  completely  through  these 
five  chani^es  at  the  regular  periods. 

FERROCYANATE,  or,  more  correctly,  FERROCYANIDE.  (Ferrocyanure,  Tr.  i 
Eisenofanid,  Germ.)  Several  compounds  of  cyanogen  and  metals  possess  ihe  property 
of  uniting  toa:elher  into  double  cyanides;  of  which  there  are  none  so  remarkable  in  this 
respect,  as  the  protocyanide  of  iron.  This  appears  to  be  capable  of  combining  with 
several  simple  cyanides,  such  as  that  of  potassium,  sodium,  barium,  strontium,  calcium, 
and  ammonium.  The  only  one  of  these  double  cyanides  of  any  importance  in  man- 
nfactures  is  the  firat,  which  is  described  under  its  commercial  name,  Prussiate  or 
Potash. 

FERROPRUSSTATES ;  another  name  for  Ferrocyanides. 

FIBRE,  VEGETABLE,  called  also  Lignine  (Lignmr,  Fr. ;  PJjanzen-faserstoffy 
Germ.),  is  the  most  abundant  and  general  ingredient  of  plants,  existing  in  all  their  parts, 
the  root,  the  leaves,  the  stem,  the  flowers,  and  the  fruit ;  amounting  in  the  compact  wood 
to  97  or  98  percent.  It  is  obtained  in  a  pure  state  by  treating  saw^Just  successively  with 
hot  alcohol,  water,  dilute  muriatic  acid,  and  weak  potash  ley,  which  dissolve,  first,  the 
resinous ;  second,  the  extractive  and  saline  matters ;  third,  the  carbonate  and  phosphate 
of  lime;  and,  lastly,  any  residuary  substances.  Jiigneobs  fibres,  such  as  saw-dust,  pow- 
dered barks,  straw,  hemp,  flax,  linen,  and  cotton  cloth,  are  convertible  by  the  action  of 
strong  sulphuric  acid  into  a  gummy  substance  analogous  to  dexlrine,  and  a  sugar  resem- 
Uing  that  of  the  grape. 

If  we  put  into  a  glass  mortar  24  parts,  by  weight,  of  dry  old  cordage,  chopped  small, 
and  sprinkle  over  it  34  parts  of  sulphuric  acid,  by  degrees,  so  as  to  avoid  heating  the 
mixture,  while  we  constantly  stir  it ;  and  if,  in  a  quarter  of  an  hour,  we  triturate  the 
mass  with  a  glass  pestle,  the  fibres  will  disappear  without  the  disengagement  of  gas. 
A  tenacious  mucilage  will  be  produced,  almost  entirely  soluble  in  water.  The  gum 
being  thus  formed,  may  be  separated  from  the  acid  by  dilution  with  water,  and  addition 
of  the  requisite  quantity  of  chalk;  then  straining  the  saturated  liquid  through  linen 
doth,  concentrating  it  by  evaporation,  throwing  down  any  remaining  h'me  by  oxalic 
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acid,  fiUerinf^  anew,  and  mixing  the  mucilage  with  alcohol  in  great  excess,  which  wfll 
lake  up  the  free  acid,  and  throw  down  the  ^m.  From  24  parts  of  hemp  fibres  thai 
treated,  fully  24  parts  of  a  gummy  mass  may  be  obtained,  containing,  however,  probaUj 
some  water. 

When,  instead  of  saturating  the  diluted  acid  paste  with  chalk,  we  boO  it  fur  10  boon^ 
the  gummy  matter  disappears,  and  is  replaced  by  sugar,  which  may  be  purified  withoot 
any  diliiculty,  by  saturation  with  chalk,  filtration,  and  evaporation  to  the  consistence  of 
sirup.  In  24  hours  crystallizntion  begins,  and,  in  2  or  3  days,  a  concrete  mass  of  grape 
sugar  is  formed ;  which  needs  merely  to  be  pressed  strongly  between  old  linen  ckMhs 
doubled,  and  then  crystallized  a  second  time.  If  this  sirup  be  treated  with  bone  black, 
a  brilliant  white  sugar  will  be  procuied.  20  parts  of  linen  rags  yield  23  of  good  sogar. 
Bracounoi,  Guerin  got  87^  of  dry  sugar  from  100  parts  of  rags,  treated  with  250  of  sul- 
phuric acid.    See  Wood. 

FIBRINE  (Eng.  and  Fr. ;  Thierischer  Faterttoffj  Germ.)  constitutes  the  principal  part 
of  animal  muscle ;  it  exists  in  the  chyle,  the  blood,  and  may  be  regarded  as  the  most 
abundant  constituent  of  animal  bodies.  It  may  be  obtained  in  a  pure  state  by  agitating 
or  beating  new  drawn  blood  with  a  bundle  of  twigs,  when  it  will  attach  itself  to  them  in 
long  reddish  filaments,  which  may  be  deprived  of  color  by  working  them  with  the  hands 
under  a  streamlet  of  cold  water,  and  aflerwards  freed  from  any  adhering  grease  by  diges- 
tion in  alcohol  or  ether. 

Fibrine,  thus  obtained,  is  solid,  white,  flexible,  slightly  elastic,  insipid,  inodorons,  denser 
than  water,  but  containing  four  fi(\hs  of  its  weight  of  it,  and  without  action  on  litmos. 
When  di  ied,  it  becomes  semi-transparent,  yellowish,  stifi*,  and  brittle :  water  restores  its 
softness  nnd  flexibility.  100  parts  of  fibrine  consist  of  53-36  carbon,  19*68  oxygen,  7*02 
hydroKcu,  and  J9*31  azote.  As  the  basis  of  flesh,  it  is  a  very  nutritious  substance,  and  is 
essential  to  the  sustenance  of  carnivorous  animals. 

FILE  {Lime,  Fr. ;  Feile,  Germ.)  is  a  well  known  steel  instrument,  having  teeth  npon 
the  surface  for  cutting  and  nbiading  metal,  ivory,  wood,  &c. 

When  the  teeth  uf  these  instruments  are  formed  by  a  straight  sharp-edged  chisel,  extend- 
ing across  the  surface,  they  are  properly  called  files ;  but  when  by  a  shMp-pointed  tool,  in 
the  form  of  a  triangular  pyramid,  they  are  termed  rasps.  The  former  are  used  for  all  the 
metals,  as  well  as  ivory,  bone,  horn,  and  wood ;  the  latter  for  wood  and  horn. 

Files  are  divided  into  two  varieties,  from  the  form  of  their  teeth.  When  the  teeth  ara 
a  series  of  sharp  edses,  raised  by  the  flat  chisel,  appearing  like  parallel  furrows,  either 
at  right  angles  to  the  Icntjth  of  the  file,  or  in  an  oblique  direction,  they  are  termed  singU 
nil.  Hill  when  tln'v«i  teeth  arc  crossed  by  a  second  series  of  similar  teeth,  they  are  said 
to  be  (Joublv  rut.  The  first  nre  fitted  fyr  brass  and  Cdpper,  and  are  found  to  answer  bet- 
ter when  the  teeth  run  in  an  obiiciue  direction.  The  latter  arc  suited  for  the  hanler  met- 
als, sncli  cast  and  wron^ht  iron  and  steel.  Such  teeth  present  sharp  ancles  to  the  sub- 
stance, whieli  peni'trate  it,  while  single  cut  files  would  slip  over  the  surface  of  these  met- 
als. The  double  cut  lil<'  is  less  fit  for  filing  brass  and  copper,  because  its  teeth  would  be 
very  liable  to  becon-.e  clfiiL'ed  with  the  filings. 

Files  are  also  called  by  difi'erent  names  according  to  their  various  degrees  of  fineness. 
Those  tif  extreme  roughness  are  called  rough;  the  next  to  this  is  the  bastard  cut;  the 
third  is  tlie  sec(»nd  cut ;  the  fourth,  the  smooth  ;  and  the  finest  of  all,  the  dead  smooth. 
The  ver>  heavy  square  file-;  used  for  heavy  smith-work,  are  sometimes  a  little  coarser  thu 
the  rough  ;  lliey  ar»*  Known  by  the  name  of  rubbers. 

Files  are  u\>u  di>tini;uiNhed  from  th<'ir  shape,  as  flat,  half-round,  three-square,  four- 
square,  niitl  munil.  The  fir>t  are  sometimes  of  uniform  breadth  and  thickness  throughout, 
and  sou;elim»  s  laperinu.  The  cross  section  is  a  paiallelogram.  The  half-round  is  gen- 
erally tapering,  one  side  being  flat,  and  the  other  rounded.  The  cross  section  is  a  seg- 
ment of  a  circle,  varyin*;  a  liitle  for  difierenl  purposes, 'btit  seldom  equal  to  a  semi-circle. 
The  three-square  generally  consists  of  three  equal  sides,  being  equilateral  prisms,  mostly 
tapcrini;;  those  which  ar»*  not  tapering  are  used  for  sharpening  the  teeth  of  saws.  The 
four-square  has  four  equal  sides,  the  section  being  a  square.  These  files  are  genertllj 
thickest  in  the  middle,  as  is  the  case  with  the  smith's  rubber.  In  the  round  file,  the  sec- 
tion is  a  circle,  and  the  file  generally  conical. 

The  heavier  and  coarser  kinds  of  files  are  made  from  the  inferior  marks  of  blistered 
steel.  Those  made  from  the  Russian  iron,  known  by  the  name  of  old  sable,  called  froB 
its  mark  CCXD,  are  excellent.  The  steel  made  from  the  best  Swedish  iron,  called  hoop 
L  or  Dannemora,  makes  the  finest  Lancashire  files,  for  watch  and  clock  makers ;  a  miB- 
ufacture  for  which  the  house  of  Stubbs  in  Warrington  is  celebrated. 

The  steel  intended  for  files  is  more  highly  converted  than  for  other  purposes,  to  give 
them  proi)er  hardness.  It  should  however  be  recollected,  that  if  the  hardness  be  not 
accompanied  with  a  certain  degree  of  tenacity,  the  teeth  of  the  file  break,  and  do  but  little 
service. 

Small  files  are  mostly  made  of  cast  steel,  which  would  be  the  best  for  all  othen,  if 
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it  were  not  for  its  higher  price.  It  is  much  harder  than  the  blistered  steel,  and  from 
haTing  been  in  the  fluid  state,  is  entirely  free  from  those  seams  and  loose  parts  so  common 
to  blistered  steely  which  is  no  sounder  than  as  it  comes  from  the  iron  forge  before  con- 
Tersion. 

The  smith's  rubbers  are  generally  forged  in  the  common  smith's  forge,  from  the  con- 
verted bars,  which  are,  for  convenience,  made  square  in  the  iron  befbre  they  come  into 
this  eonntry.  The  files  of  lesser  size  are  made  from  bars  or  rods,  drawn  down  from  the 
blistered  bars,  and  the  cast  ingots,  and  known  by  the  name  of  tilted  steel. 

The  file-maker's  forge  consists  of  large  bellows,  with  coke  as  fuel.  The  anvil-block, 
particularly  at  Sheffield,  is  one  large  mass  of  mill  stone  girt.  The  anvil  is  of  consider- 
able sixe,  set  into  and  wedged  fast  into  the  stone ;  and  has  a  projection  at  one  end,  with 
a  hole  to  contain  a  sharp-edged  tool  for  cutting  the  files  from  the  rods.  It  also 
eoatains  a  deep  groove  for  containing  dies  or  bosses,  for  giving  particular  forms  to  the 
files. 

Tke  flat  and  square  files  are  formed  entirely  by  the  hammer.  One  man  ]io1ds  the  hot 
bar,  and  strikes  with  a  small  hammer.  Another  stands  before  the  anvil  with  a  two-hand- 
ed luunmer.  The  latter  is  generally  very  heavy,  with  a  broad  face  for  the  large  files. 
They  both  strike  with  such  truth  as  to  msike  the  surface  smooth  and  flat,  without  what  is 
called  hand-hammering.  This  arises  from  their  great  experience  in  the  same  kind  of 
work.   The  expedition  arising  from  the  same  cause  is  not  less  remarkable. 

The  half  round  files  are  made  in  a  boss  fa<(tened  into  the  groove  above  mentioned. 
The  steel  being  drawn  out,  is  laid  upon  the  ruunded  recess,  and  hammered  till  it  fills 
the  die.  . 

The  three-sided  files  are  formed  similarly  in  a  boss,  the  recess  of  which  consists  of  two 
tides,  with  the  angle  downwards.  The  steel  is  first  drawn  out  square,  and  then  placed 
ia  a  boss  with  an  ansrle  downwards,  so  that  the  hammer  forms  one  side,  and  the  boss  two. 
Tke  roand  files  are  formed  by  a  swage  similar  to  those  used  by  common  smiths,  but  a 
little  conicaL 

The  file-cutter  requires  an  anvil  of  a  size  greater  or  less,  proportioned  to  the  size  of  his 
files,  with  a  face  as  even  and  flat  as  possible.  The  hammers  weigh  from  one  to  five  or  six 
poonds.  The  chisels  are  a  little  broader  than  the  file,  sharpened  to  an  angle  of  about  20 
degrees.  The  length  is  just  sufllicient  for  them  to  be  held  fast  between  the  finger  and 
thamb,  and  so  strong  as  not  to  bend  with  the  strokes  of  the  hammer,  the  intensity  of 
wUch  may  be  best  conceived  by  the  depth  of  the  impression.  The  anvil  is  placed  in  the 
ftee  of  a  strong  wooden  post,  to  which  a  wooden  seat  is  attached,  at  a  small  distance  be- 
low the  level  of  the  anvil's  face.  The  file  is  first  laid  upon  the  bare  anvil,  one  end  pro- 
jeetiag  over  the  front,  and  the  other  over'  the  back  edge  of  the  same.  A  leather  strap 
■ow  goes  over  each  end  of  the  file,  and  passes  down  upon  each  side  of  the  block  to  the 
vtrkmaa's  feet,  which,  being  put  into  the' strap  on  each  side,  like  a  stirrup,  holds  the  file 
irmly  upon  the  anvil  as  it  is  cut.  While  the  point  of  the  file  is  cutting,  the  strap  passes 
over  one  part  of  the  file  only,  the  point  resting  upon  the  anvil,  and  the  tang  upon  a  prop 
oa  the  other  side  of  the  strap.  When  one  side  of  the  file  is  single  cut,  a  fine  file  is  rnn 
slightly  over  the  teeth,  to  take  away  the  roughness ;  when  they  are  to  be  double  cut, 
aaoCher  set  of  teeth  is  cut,  crossing  the  former  nearly  at  right  angles.  The  file  is  now 
fiaished  upon  one  side,  and  it  is  evident  that  the  cut  side  canliot  be  laid  upon  the  bare 
tavil  to  cot  the  other.  A  flat  piece  of  an  alloy  of  lead  and  tin  is  interposed  between  the 
toothed  sorface  and  the  anvil,  while  the  other  side  is  cut,  which  completely  preserves  the 
lide  already  formed.  Similar  pieces  of  lead  and  tin,  with  angular  and  rounded  grooves, 
irt  osed  for  cutting  triangular  and  half-round  files. 

Rasps  are  cnt  precisely  in  the  same  way,  by  using  a  triangular  punch  instead  of  a  flat 
chisel.  The  great  art  in  cutting  a  rasp  is  to  place  every  new  tooth  as  much  as  possible 
opposite  to  a  vacancy. 

Many  abortive  attempts  have  been  made  to  cut  the  teeth  of  files  by  machinery.  The 
Uluwing  plan,  for  which  a  patent  was  obtained  by  Mr.  William  Shilton,  of  Dirming- 
kam,  ia  April,  1833,  is  replete  with  ingenious  mechanical  resources,  and  deser\'es  to 
ncceed. 

The  blanks  of  steel  for  making  the  files  and  rasps,  are  held  in  a  pair  of  clamps  in 
coaaexioa  with  a  slide,  and  are  moved  forward  at  intervals  under  the  head  of  the  tilt 
kaauier  which  carries  the  tool ;  the  distance  which  the  blank  is  to  be  advanced  at 
ffiry  movement  being  dependant  upon  the  required  fineness  or  coarseness  of  the  cnt  of 
tfm  file,  which  movement  is  effected  and  regulated  by  a  rack  and  pinion,  actuated  by  a 
pan  and  ratchet  wheel,  or  the  movement  may  be  produced  by  any  other  convenient 

When  the  machine  is  employed  for  cutting  or  indenting  the  teeth  of  rasps,  the  cutting 
lltl  being  pointed  and  only  producing  one  tooth  at  a  blow,  the  tilt  hammer  carrying  the 
Hol  anst  be  made  to  traverse  at  intervals  across  the  width  of  the  blank  piece  of  steal 
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from  one  edge  to  the  other  and  back  again ;  the  blank  being  adTiiiccd  in  Icagtb  oil} 
when  the  hammer  has  produced  the  last  cut  or  tooth  toward  either  edge  of  the  rasp. 
In  order  to  render  this  invention  better  understood,  two  views  of  the  apparatus  forpn>> 

ducing  the  cross  cut  or  teeth  of  the  files  arc  given. 

Fig.  384  is  an  deration  of  the 
upper  part  of  the  file-cattiog  machiac, 
as  seen  on  one  aide ;  fig.  385  is  t 
plan  or  horizontal  view,  as  the  ma> 
chine  appears  on  the  top. 

Oy  is  the  head  of  the  tilt  hasuDR 
placed  in  the  end  of  the  lever  k, 
which  is  mounted  on  an  axle 
turning  in  proper  bearings  in  the 
frame  work  of  the  machine ;  ^  is  the 
tilt  wheel  mounted  on  another  axle  i, 
also  turning  in  bearings  on  the  fraaie 
work  of  the  machine,  and  having  any 
required  number  of  projectioBS  or 
tappets  upon  it  for  depressing  the  tail 
or  shorter  end  of  the  hammer  or  till 
lever  b. 

The  tilt  wheel  receives  its  rota- 
tory motion  from  the  toothed  whed 
/,  mounted  upon  the  same  axle,  and 
it  takes  into  gear  with  a  pinion  f, 
upon  the  main  shaft  A,  which  is  ac- 
tuated by  a  band  passed  from  any 
first  mover  to  the  rigger  on  its  end, 
or  in  any  other  convenient  manner. 
The  bed  upon  which  the  blank  piece 
of  steel  bears  is  marked  t.  This  bed 
is  firmly  supported  upon  masoary 
placed  upon  proper  sleepers;  j,k 
one  of  the  blank  pieces  of  steel  under 
operation,  and  is  shown  secured  in 
the  pair  of  jaws  or  hoMine  clamps 
inountcJ  on  centre  pins  in  the  slide 
/)  ftf^.  385;  which  slide  is  held  dowi 
by  a  spring  nnd  slide  beneath,  and  is 
moved  backwards  and  forwnnls  in  the  machine  upon  the  (v)  edges  m,  m,  of  the  frames 
by  means  of  the  rack  ?i,  nnd  its  junion  ;  the  latter  beinjf  mounted  upon  the  axle  of  the 
ratchet  wheel  nnd  which  ratchet  wheel  is  made  to  turn  at  intervals  by  means  of  the 
pall  qf,  upon  the  end  of  the  lever  r,  fig.  385.  This  lever  is  depressed,  after  every  cat 
has  been  cff^'cted  upcm  the  blank  by  means  of  the  teeth  or  tappets  of  the  wheel  s,  coming 
in  conlacl  with  the  inclined  plane  /,  upon  the  lever  r.  The  tappet  wheel  *,  is  mounted 
upon  the  end  of  the  axle  f,  of  the  lilt  wheel,  and  consequently  revolves  with  it,  and  by 
depre«:-;inir  the  lever  r,  every  time  thai  a  tooth  passes  the  inclined  plane  the  click?, 
is  made  to  drive  the  ratchet  wheel  />,  and  thereby  the  advancing  movement  of  the  blank 
is  effected  after  each  blow  of  the  tilt  hammer. 

There  is  a  slrons:  sj)rinir  w,  attached  to  the  upper  side  of  the  till  hammer,  its  end  bcin? 
confined  under  an  adjustable  inclined  plane  r,  mounted  in  the  frame  ir,  which  inclined 
plane  can  be  raised  or  lowered  by  its  adjusting  screws  as  required,  to  produce  more  or 
less  tension  of  the  spring. 

A  similar  sprinc  is  placed  on  the  under  side  of  the  till  hammer,  to  raise  and  sostaii 
the  cutter  or  tool  clear  of  the  bed  after  every  blow,  and  in  conjunction  with  safety  hold- 
ers or  catchers,  to  counteract  any  vibration  or  tendency  the  spring  u  may  have  to  cause 
the  hammer  to  reiterate  the  blow. 

The  end  of  the  lower  sprinjj  acts  on  an  inclined  plane,  mounted  in  the  frame  ir,  which 
has  an  adjuslins:  screw  similar  to  r,  to  retrulate  the  tension  of  the  spring. 

In  ca<ie  the  under  sprins?  should  rai«e,  thai  is,  return  ihe  hammer,  with  sufiicient  force 
or  velocity  to  cause  the  top  sprine  «,  to  reiterate  the  blow,  the  ends  of  the  safety  holders 
or  catchers  are  inailc  to  move  under  and  catch  the  tail  of  the  lever  6,  immediately  on  its 
beinsr  raised  by  the  under  springs,  which  is  effected  by  the  following  means  : — The  hoW* 
ers  are  mounted  upon  a  plate  or  carriage  1^  Jig.  384,  which  turns  upon  a  small  pin  or 
axle  mounted  in  the  ears  (»f  a  cross  bar;  the  upper  ends  of  the  holders  are  kept  inclined 
towards  Ihe  tail  of  the  till  hammer  by  means  of  a  spring  fixed  to  the  cross  bar,  and  which 
acts  upon  one  end  of  the  plate  or  carriage  1. 
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In  order  that  the  holders  may  be  removed  out  of  the  way  of  the  tail  of  the  hammer  b, 
vhen  the  tilt  wheel  is  about  to  effect  a  blow,  the  tooth  of  the  tilt  wheel  which  last  acted 
upon  the  hammer  comes  in  contact  with  an  inclined  plane  fixed  on  the  plate  or  carriage 
1,  and  by  depressing  that  end  of  the  plate,  causes  the  upper  ends  of  the  holders  to  be 
withdrawn  from  under  the  tail  of  the  hammer  b.  The  tilt  wheel  continuing  to  revolve, 
the  next  tooth  advances,  and  depresses  the  tail  of  the  hammer,  but  before  it  leaves  the 
tail  of  the  hammer,  the  tooth  last  in  operation  will  have  quitted  the  inclined  plane  and 
allowed  the  »pnng  to  return  the  holders  into  their  former  position.  After  the  tooth  has 
escaped  from  the  tail  of  6,  the  hammer  will  immediately  descend  and  effect  the  blow  or 
cut  on  the  blank,  and  as  the  tail  of  the  hammer  rises,  it  will  come  in  contact  with  the 
inclined  planes  at  the  upper  ends  of  the  holders,  and  force  them  backwards ;  and  as  soon 
as  the  tail  of  the  hammer  has  passed  the  top  of  the  holders,  the  spring  will  immediately 
force  the  holders  forward  under  the  tail  of  the  hammer,  and  prevent  the  hammer  risinf; 
again  until  the  next  tooth  of  the  tilt  wheel  is  about  to  depress  the  end  of  the  hammer, 
when  the  same  movements  of  the  parts  will  be  repeatetl,  and  the  machine  will  continue 
in  operation  until  a  sufficient  length  of  the  blank  of  steel  (progressively  advanced  under 
the  hammer)  has  been  operated  upon,  when  it  will  be  thrown  out  of  gear  by  the 
following  means : — 

Upon  the  sliding  bar  6  there  is  placed  an  adjustable  stop,  against  which  the  foremost 
end  of  the  slide  /  i,Jig.  385,  comes  in  contact  as  it  is  moved  forward  by  the  rack  n,  and 
its  pinion.  The  sliding  bar  6  is  connected  at  its  left  end  to  the  bent  lever  8,  the  other 
end  of  this  lever  being  formed  into  a  forked  arm,  which  embraces  a  clutch  upon  the  mnin 
shafr,  and  as  the  slide  /  continues  to  advance,  it  will  come  in  contact  with  a  stop ;  and 
when  it  has  brought  a  sufficient  length  of  the  blank  pieces  of  steel  under  the  operation 
of  the  cutting  tool,  the  slide  /,  in  its  progress,  will  have  moved  that  stop  and  the  bar  6 
forward,  and  that  bar,  by  means  of  the  bent  lever  8,  will  withdraw  the  clutch  on  the 
main  shaA,  from  locking  into  the  boss  of  the  fly-wheel,  and  con<ieqnentiy  stop  the  further 
progress  of  the  machine;  the  risger  and  fly-wheel  turning  loosely  upon  ihe  main  shaft. 

The  cut  file  can  now  be  removed  from  out  of  the  clamps,  and  reversed  to  cut  the  other 
side,  or  another  blank  piece  put  in  its  place ;  and  after  throwing;  back  the  pall  q  of  the 
ratchet  wheel  p,  the  slide  /,  and  with  it  the  fresh  blank  may  be  moved  back  into  the 
machine  by  turning  the  winch  handle,  on  the  axle  of  the  ratchet  wheel  p,  the  reverse 
way,  which  will  turn  the  pinion  backwards,  and  draw  hack  the  rack  without  affecting 
any  other  parts  of  the  machine ;  and  on  moving  back  tho  bar  6,  by  thr*  handle  11,  placed 
on  the  stop,  the  clutches  will  be  thrown  into  gear  again,  and  the  machine  proceed  to  cut 
the  next  blank. 

When  the  blanks  have  been  thus  cut  on  one  side,  and  are  reversed  in  the  machine  to 
form  the  teeth  upon  the  other  side,  there  should  be  a  piece  of  lead  placed  between  the 
blank  and  the  bed  to  protect  the  fresh  cut  teeth. 

It  will  be  seen  that  the  position  of  the  stop  upon  the  bar  6  will  determine  the  length 
or  extent  of  the  blank  piece  of  slc»*l  which  shall  be  cut  or  operated  upon;  and  in  order 
that  the  progressive  movement  of  the  blanks  under  the  cuttins;  Ufol  may  be  made  to  suit 
different  degrees  of  fineness  or  coarseness  of  the  teeth  (that  is,  the  distance  between  the 
cuts),  there  is  an  adjusting  screw  upon  the  lever  r,  the  head  of  which  screw  stops  against 
the  under  side  of  an  ear  projecting  from  the  frame-work,  and  thereby  determines  the 
extent  of  the  motion  of  the  lever  r,  when  depressed  by  the  tappets  of  the  wheel  «,  acting 
upon  the  inclined  plane  /,  consequently  determining  the  number  of  teeth  the  ratchet 
wheel  p  shall  be  moved  round  by  the  pall  q ;  and  hence  the  extent  of  motion  communi- 
cated by  the  rack  and  pinion  to  the  slide  /,  and  the  blank  j',  which  regulates  the  distance 
that  the  teeth  of  the  file  are  apart,  and  the  lever  r  is  forced  upwards  by  a  spring  pressing 
against  its  under  side. 

It  will  be  perceived  that  the  velocity  of  the  descent  of  the  hammer,  and  consequently 
the  force  of  the  blow,  may  be  regulated  by  raising  or  lowering  the  inclined  plane  v  of  the 
fpring  tt  ;  and  in  order  to  accommodate  the  bed  upon  which  the  blanks  rest  to  the  differ- 
ent inclinations  they  may  be  placed  at,  that  part  of  the  bed  is  formed  of  a  semi-globular 
piece  of  hardened  steel,  which  fits  loosely  into  a  similar  concavity  in  the  betl  r,  and  is 
therefore  capable  of  adjusting  itself  so  that  the  blanks  shall  be  properly  presented  to  the 
catting  tool,  and  receive  the  blow  or  cut  in  an  equal  and  even  manner ;  or  the  piece  of 
steel  may  be  of  a  conical  shape,  and  fit  loosely  in  a  similar  shaped  eoncavit)'. 

There  are  guide«,  16,  placed  on  the  top  of  the  bed  i,  for  the  purpose  of  keeping  the 
blanks  in  their  proper  position  towanls  the  cutting  tool,  and  these  can  be  regulated  to 
suit  blanks  of  any  width,  by  turning  the  ri^ht  and  left  handed  screw  17.  There  is  also 
mother  adjustable  slop  on  the  jaws  or  clamps  fc,  which  serves  as  a  guide  when  placing 
the  blanks  within  the  jaws ;  and  19  is  a  handle  or  lever  for  raising  the  clamps  when 
miuired,  which  has  a  weight  suspended  from  it  for  the  purpose  of  keeping  down  the 
blanks  with  sufficient  pres<:ure  upon  the  bed. 

The  cutting  tool  in  the  face  of  the  hammer,  can  be  placed  at  any  required  angle  or 
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inclination  with  the  blank,  it  being  secured  in  the  head  of  the  hammer  by  eUmps  ail 
screws.  In  cutting  fine  files  a  screw  is  employed  in  preference  to  the  rack  and  piniflB, 
for  advancing  the  slide  /,  and  the  blank  piece  of  steel  in  the  machine. 

Hardening  of  Jilts, — This  is  the  last  and  most  important  part  of  file  making.  What- 
ever may  be  the  quality  of  the  steel,  or  however  excellent  the  workmanship,  if  it  it  aot 
well  haridened  all  the  lat)or  is  lost. 

Three  things  are  sti icily  to  be  observed  in  hardening;  first,  to  prepare  the  file  on  the 
surface,  so  as  to  prevent  it  from  being  oxydated  by  ihe  atmosphere  when  the  file  is  red 
hot,  which  effect  would  not  only  take  off  the  sharpness  of  the  tooth,  but  render  the 
whole  surface  so  ruugh  that  the  file  would,  in  a  little  time,  become  dogged  with  the 
substance  it  had  to  work.  Secondly,  the  heat  ought  to  be  very  uniformly  icd  throagbov^ 
and  the  water  in  which  it  is  quenched,  fresh  and  cold,  for  the  purpose  of  giving  it  the 
proper  decree  of  hardness.  Lastly,  the  manner  of  immersion  is  of  great  importance,  to 
prevent  the  files  from  warpin?,  which  in  long  thin  files  is  very  difficnit. 

The  first  object  is  accoinplishetl  by  laying  a  substance  upon  the  file,  which,  wbei  it 
fuses,  forms,  as  it  were,  a  varnish  ui)on  the  surface,  defending  the  metal  from  the  actioa 
of  the  oxyi?en  of  the  air.  Formerly  tlic  process  consisted  in  first  coaling  the  surface  of 
the  file  with  ale  gmunds,  and  then  covering  it  over  with  pulverized  common  salt  (muri- 
ate of  soda).  Alter  this  coatini;  became  dry,  the  files  were  heated  red  hot,  and  hardened; 
after  this,  the  surface  was  lii^htly  brushed  over  with  the  dust  of  cokes,  when  it  appeared 
white  and  metallic,  as  if  it  had  not  been  heated.  This  process  has  lately  been  improved, 
at  least  so  far  as  relates  to  the  economy  of  the  salt,  which,  from  the  quantity  used,  and 
the  increased  thickness,  had  become  a  serious  object.  Those  who  use  the  improved 
method  are  now  consuming  about  one  fourth  the  quantity  of  salt  used  in  the  old  method. 
The  process  consists  in  dissolving  the  salt  in  water  to  saturation,  which  is  about  three 
pounds  to  the  gallon,  and  stiffening  it  with  ale  grounds,  or  with  the  cheapest  kind  of 
flour,  such  as  that  of  beans,  to  about  the  consistence  of  thick  cream.  The  files  require 
to  be  dipped  only  into  this  substance,  and  immediately  heated  and  hardened.  The 
grounds  or  the  flour  are  of  no  other  use  than  to  give  the  mass  consistence,  and  by  thit 
means  to  allow  a  larirer  quantity  of  salt  to  be  laid  upon  the  surface.  In  this  method 
the  salt  forms  immediately  a  firm  coating.  As  soon  as  the  water  is  evaporated,  the 
whole  of  it  becomes  fused  upon  the  file.  In  the  old  method  the  dry  salt  was  so  loosely 
attached  to  the  file,  that  the  greatest  part  of  it  was  rubbed  ofi"  into  the  fire,  and  was 
sublimed  up  the  chimney,  without  producing  any  effect. 

The  carbonaceous  matter  of  the  ale  grounds  is  supi>osed  to  have  some  effect  in  girinf 
hardiios  to  the  lilf,  by  combiiiinc  with  the  steel,  and  renderinsr  it  more  highly  carbon- 
ated, ll  will  be  loiind,  however,  \ipon  experiment,  that  vegetable  carbon  dues  not  com- 
bine with  iron,  willi  sullicietU  faciliiy  l«)  produce  any  eflVct,  in  the  short  space  of  time 
a  file  is  heating  for  the  purp()>e  of  liardrninjr.  S<;me  file  makers  are  in  the  habil  of 
usinj;  the  coal  of  burnt  leather,  which  doubiles.s  produces  some  effect ;  but  the  carbon 
is  ffetnerally  so  ill  prepared  for  the  purp«)ve,  and  the  time  of  its  operation  so  < hort,  as  to 
render  the  result  inconsiderable.  Animal  carbon,  when  properly  prepared  and  mixed 
with  the  above  hardenin?  composition,  is  capable  of  giving  hardness  to  the  surface  evca 
of  an  iron  file. 

This  carbonaceous  matter  may  be  readily  obtained  from  any  of  the  soft  parts  of  ani- 
mals, or  from  bhxKl.  For  this  purpose,  however,  the  refuse  <»f  shoemakers  and  curriers 
is  the  most  ccmvenient.  After  Ihe  volatile  ports  have  been  distilled  over,  from  an  iron 
still,  a  briirht  shining  coal  is  left  behind,  which,  when  reduced  to  jwwder,  is  fit  to  mix 
with  Ihe  salt.  Lei  about  ecjual  parts,  by  bulk,  of  this  powder,  and  muriate  of  soda  be 
^Tound  together,  and  bamghl  to  the  consistence  of  cream,  by  the  addition  of  water. 
Or  mix  the  powdered  carbon  with  a  saturated  solution  of  the  salt,  till  it  become  of 
the  above  consistence.  F'iles  which  are  intended  to  be  very  hard  should  be  covered 
with  this  composition  ])revi(uis  to  hardening:.  All  files  intended  to  file  iron  or  steel, 
particularly  saw  files,  should  be  hardened  with  tlu;  aid  of  this  mixture,  in  preference  to 
that  with  the  (lour  or  &:rounds.  Indeed,  it  is  probable  that  the  carbonaceous  powder 
minht  be  used  by  itself,  in  point  of  economy,  since  the  ammonia  or  hartshorn,  obtained 
by  distillation,  would  be  of  such  value  as  to  render  the  coal  of  no  expense.  By  means 
of  this  method  the  files  made  of  iron,  which,  in  itself,  is  unsusceptible  of  hardening, 
acfiuire  a  superficial  hardness  sufficient  for  any  file  whatever.  Such  files  may,  at  the 
same  lime,  be  bent  into  any  form ;  and,  in  consefjuence,  are  particularly  useful  for  sculp- 
tors and  die-sinkers. 

The  next  point  to  be  considered  is  the  best  method  of  heating  the  file  for  hardening. 
For  this  purpose  a  fire,  similar  to  the  common  smith's  fire,  is  generally  employed.  The 
file  is  held  in  a  pair  of  tongs  by  the  tang,  and  introduced  into  the  fire,  consisting  of 
very  small  cokes,  pushing  it  more  or  less  into  the  fire  for  the  purpose  of  heating  it 
regularly.  It  must  frequently  be  withdrawn  with  the  view  of  obseiving  that  it  is  not 
too  hot  in  any  part.    When  it  is  uniformly  heated,  from  the  tang  to  the  point,  of  a 
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or,  it  is  fit  to  quench  in  the  water.  At  present  an  oven  formed  of  fire- 
for  the  larger  files,  into  which  the  blast  of  the  bellows  is  directed,  being 
rnd,  for  the  purpose  of  iniroducins^  the  files  and  the  fuel.  Near  to  the  top 
re  placed  two  cross  bars,  on  which  a  few  files  are  placed,  to  be  partially 
he  hardening  of  heavy  files  this  contrivance  afibrds  a  considerable  sar- 
of  time,  while  it  permits  them  also  to  be  more  uniformly  and  thoroughly 

e  is  properly  heated  for  the  purpose  of  hardening,  in  order  to  produce  the 
>le  hardness,  it  should  be  cooled  as  soon  as  possible.  The  most  common 
cting  this  is  by  quenching  it  in  the  coldest  water.  Some  file>mnkcrs  have 
bit  of  putting  different  substances  in  their  water,  with  a  view  to  increase 
property.  The  addition  of  sulphuric  acid  to  the  water  was  long  held  a 
the  hardening  of  saw  files.  After  all,  however,  it  will  be  found  that  clear 
free  from  animal  and  vegetable  matter,  and  as  cold  as  possible,  is  the  best 
hardening  files  of  every  description. 

ig  the  files  in  water,  some  caution  must  be  observed.  All  files,  except  the 
)uld  be  immersed  perpendicularly,  as  quickly  as  possible,  so  that  the  upper 
cool.  This  management  prevents  the  file  from  warping.  The  half-round 
lenched  in  the  same  steady  manner;  but,  at  the  same  time  that  it  is  kept 
to  the  surface  of  the  water,  it  must  be  moved  a  little  horizontally,  in  the 
e  round  side,  otherwise  it  will  become  crooked  backwards, 
es  are  hardened,  they  are  brushed  over  with  water  and  powdered  cokes, 
ice  becomes  perfectly  clean  and  metallic.  They  ought  also  to  be  washed 
three  clean  waters,  for  the  purpose  of  carr>'ing  off  all  the  salt,  which,  if 
lain,  will  be  liable  to  rust  the  file.  They  should  moreover  be  dipped  into 
d  rapidly  dried  before  the  fire,  after  being  oiled  with  olive  oil,  containing  a 
pentine,  while  still  warm.  They  are  then  finished. 
E  (Filigrane,  Fr. ;  Filigratif  or  Feine  Drahtgejlecht,  Germ.)  is,  as  the  last 
:presses  it,  intertwisted  fine  wire,  used  for  ornamenting  gold  and  silver 
;  wire  is  selJum  drawn  round,  but  generally  fiat  or  angular,  and  soldered 
er  solder  with  borax  and  the  blowpipe.  The  Italian  word, /It7tgraiui,  is 
f  filnm  and  granum,  or  granular  net-work ;  because  the  Italians,  who  first 
i  style  of  work,  placed  small  beads  upon  it. 

ON  (Ell?,  and  Fr. ;  Filtrireny  Germ.)  is  a  process,  purely  mechanical,  for 
quid  from  the  undissolved  particles  floating  in  it,  which  liquid  may  be  either 
,  as  in  vegetable  infusions,  or  of  no  use,  as  the  washings  of  mineral  pre- 
le  filtering  substance  may  consist  of  any  porous  matter  in  a  solid,  folia- 
ilent  form  ;  as  porous  earthenware,  unsized  paper,  cloth  of  many  kinds,  or 
hite  blotting  paper  sold  by  the  stationers,  answers  extremely  well  for  filters 
periraenis,  provided  it  be  previously  washed  with  dilute  muriatic  acid,  to 
ime  and  iron  that  are  generally  present  in  it.  Filter  papers  arc  first  cut 
en  folded  twice  diagonally  into  the  shape  of  a  cornet,  bavins:  the  angular 
off.  Or  the  piece  of  paper  being  cut  into  a  circle,  may  be  folded  fan-like 
e,  with  the  folds  placed  exteriorly,  and  turned  out  sharp  by  the  pressure  of 
thumb,  to  keep  intervals  between  the  paper  and  the  funnel  into  which  it 
vor  the  percolation.  The  diameter  of  the  funnel  should  be  about  three 
iieight,  measured  from  the  neck  to  the  edge.  If  it  be  more  divergent,  the 
;oo  small  for  the  ready  efflux  of  the  fluid.  A  filter  covered  with  the  sedi- 
eonveniently  washed  by  spouting  water  upon  it  with  a  little  syringe.  A 
tiair  paint  brush  is  much  employed  for  collecting  and  turning  over  the  con- 
toft  state.  Agitation  or  vibration  is  of  singular  efllcacy  in  quickening  per- 
displaces  the  particles  of  the  moistened  powders,  and  opens  up  the  pores 
:ome  closed.  Instead  of  a  funnel,  a  cylindrical  vessel  may  be  employed, 
braftd  bottom  covered  with  a  disc  of  filtering  powder  folded  up  at  the 
jc  tight  there  by  a  wire  ring.  Linen  or  calico  is  used  for  weak  alkaline 
lannels,  twilled  woollen  cloth,  or  felt-stuff",  for  weak  acid  ones.  These 
often  made  conical  like  a  fool's  cap,  and  have  their  mouths  supported  by  a 
Allic  hoop.  Cotton  wool  put  loose  into  the  neck  of  a  funnel  answers  well 
s  upon  the  small  scale.  In  the  large  way,  oil  is  filtered  in  conical  woollen 
ask  with  many  conical  tubes  in  its  bottom,  filled  with  tow  or  cotton  wool, 
and  alkaline  liqtiors  must  be  filtered  through  a  layer  of  pounded  glass, 
«nd,  or  brnised  charcoal.  The  alcarrhazas  are  a  porous  biscuit  of  stone 
Spain,  which  are  convenient  f  »r  filtering  water,  as  also  the  porous  filtering 
iffe,  largely  imported  into  England  at  one  time,  but  now  superseded  in  a 
eby  the  artificial  filters  patented  under  many  forms,  consisting  essentially 
ravel,  sand,  and  charcoal  powder. 

ient  to  render  the  filter  self-acting,  by  accommodating  the  supply  of  liquid 
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to  the  rate  of  percolation^  so  that  the  pressure  upon  the  porons  snrfkee  may  be  alviyi 
equally  great.  Upon  the  small  scale,  the  lamp-fountain  or  bird'»^hs8  form,  so  genenflf 
used  for  lamps,  will  be  found  to  answer. 

Fig,  386  represents  a  glass  bottle,  a,  partly  filled  with  the  fluid  to  be  filtered,  mpportid 
in  the  rin^  of  a  chemical  stand,  and  having  its  mouth  inverted  into  the  same  liqiur  is 
the  filler  funnel.  It  is  obvious  that  whenever  this  liquor  by  filtration  falls  below  tte 
lip  of  the  bottle,  air  will  enter  into  it.  let  down  a  fresh  supply  to  fe<*d  the  filter,  tai 
keep  the  funnel  regularly  charged.    If  larger  quantities  are  to  be  operated  upon,  tk 

foDowiog  apparatus 
386  <v    L  ^  *  be  employed.   Fig,  387, 

387  y>-^  A  a,  is  a  metallic  vcad 

which  may  be  made  sir 
tight ;  c  is  the  under  pipc^ 
provided  with  a  stopmk, 
B,  for  letting  down  Ik 
liqoor  into  the  filter  s  k 
The  upper  pipe  t,  ihroo^ 
which  the  fluid  is  poard 
by  means  of  the  fuoiiei 
has  also  a  stopcock  whicfc 
opens  or  shots,  at  tk 
same  time,  the  small  ride 
tube  a  /,  through  wbkfe^ 
during  the  entrance  of  Ik 
fluid,  the  air  is  let  off  froa 
the  receiver.  A  gba 
tube,  shows  the  lerd 
of  the  liquor  in  the  btd} 
of  the  apparatus.  InosiBf 
it,  the  cock  a  must  befint 
closed,  and  the  cock  i 
must  be  opened  to  fill  ik 
receiver.  Then  the  filter 
is  set  a  going,  by  re-opes- 
ing  the  cock  r.  so  as  to  keep  the  fluid  in  the  filler  upon  a  level  with  the  opening  of  tk 
tube  c.    Both  these  pieces  of  apparatus  are  essentially  the  same. 

In  many  manufactures,  self-acting  filters  are  fed  by  the  plumber's  common  con- 
390  388 


trivance  of  a  ball-cock,  in  wliich  the  sinking  and  rising 


tern  a,  in  which  the  sirup  is  contained. 


of  the  hall,  wilhin  cerUiu 
limits,  •sen-es  to  open  or 
shut  off  the  supply  d 
liquor,  as  it  may  be  r^ 
quired  or  not.  Dumoot 
has  adopted  this  expetlient 
for  his  system  of  filtering 
sirup  through  a  stratom of 
granularly  ground  animil 
charcoal  or  bone-blick. 
Fig.  388  is  a  front  view 
of  this  apparatus  with  4 
filters,  c;  and  yig.389Ua 
cross  section.  The  frtmfr 
work  B  supports  the  ce- 
From  it  the  liquor  fiows  through  the  stopcock 
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id  the  connexion-tube  a,  into  the  common  pipe  c,  which  communicates,  by  the  short 
ich  tubes  e,  with  each  of  the  four  filters.  The  end  of  the  branch  tube,  which  is  inside 
he  filter  tub,  is  provided  with  a  stop-cock  d  /,  whose  opening,  and  thereby  the  efflux 
le  liquor  from  the  cistern  through  the  tube  a,  is  regulated  by  means  of  the  float- ball  g. 
a  the  brickwork  d  the  filter  tub  stands,  furnished  at  h  with  a  false  bottom  of  zinc  or 
fer  pierced  ^iih  fine  holes ;  besides  which,  higher  up  at  i  there  is  another  such  plate 
letal  furnished  with  a  strong  handle  k,  by  which  it  may  be  removed,  when  the  bone 
k  needs  to  be  changed.  In  the  intervening  space  /,  the  granular  cual  is  placed,  o  is 
eover  of  the  filter  tub,  with  a  handle  also  for  lifting  it.  One  portion  of  it  may  be  rait- 
f  a  hinge,  when  it  is  desired  to  inspect  the  progress  of  the  filtration  within,  m  m  is  a 
ler  vertical  tube,  forming  a  communication  between  the  bottom  part  h,  and  the  upper 
ion  of  the  filter,  to  admit  of  the  easy  escape  of  the  air  from  tliat  space,  and  from  among 
bone  black  as  the  sirup  descends ;  otherwise  the  filtration  could  not  go  on.  p  is  the 
eock  through  which  the  fluid  collected  in  the  space  under  h,  is  let  off  from  time  to  time 
the  common  pipe  qjjig.  388.  r  is  a  trickling  channel  or  groove  lying  parallel  to  the 
9,  and  in  which,  by  means  of  a  tube  s,  inserted  at  pleasure,  the  sirup  is  drawn  oflT 
ise  of  its  flowing  in  a  turbid  state,  when  it  must  be  returned  over  the  surface  of  the 
coaL 

he  celerity  with  which  any  fluid  passes  through  the  filter  depends,  1.  upon  the  poroei- 
f  the  filtering  subetance ;  2.  upon  the  pressure  exercised  upon  it ;  and  3.  upon  the  ex> 
of  the  filtering  surface.  Fine  powders  in  a  liquor  somewhat  glutinous,  or  closely 
;>acted,  admit  of  much  slower  filtration  than  those  which  are  coarse  and  free ;  and  the 
icr  ought,  therefore,  to  be  spread  in  a  thinner  stratum  and  over  a  more  extensive  sur- 
than  the  latter,  for  equal  effect ;  a  principle  well  exemplified  in  the  working  of  Da- 
i's apparatus,  just  described. 

many  cases  filtration  may  be  accelerated  by  the  increase  of  hydrostatic  or  pneu- 
e  pressure.  This  happens  when  we  close  the  top  of  a  filtering  cylinder,  and  con- 
it  by  a  pipe  with  a  cistern  of  fluid  placed  upon  a  higher  level.  The  pressure  of  the 
may  be  rendered  operative  also  either  by  withdrawing  it  partially  from  a  close 
el,  into  which  the  bottom  of  the  filter  enters,  or  by  increasing  its  density  over  the 
jf  the  liquor  to  be  filtered.  Either  the  air  pump  or  steam  may  be  employed  to 
te  a  partial  void  in  the  receiver  beneath  the  filter.  In  like  manner,  a  forcing  pump 
eam  may  be  employed  to  exert  pressure  upon  the  surface  of  the  filtering  liquor.  A 
non  syphon  may,  on  the  same  principle,  be  made  a  good  pressure  filter,  by  making 
ipper  leg  trumpet-shaped,  covering  the  orifice  with  filter  paper  or  cloth,  and  filling 
whole  with  liquor,  the  lower  leg  being  of  such  ^ngth  so  as  to  create  considerable 
mre  by  the  difference  of  hydrostatic  level.  This  apparatus  is  very  convenient  either 
he  small  or  great  scale,  for  filtering  off  a  clear  fluid  from  a  light  muddy  sedimeuL 
pressure  of  the  atmosphere  may  be  elegantly  applied  to  common  filters,  by  the  appa- 
»  represented  in  Jig.  390,  which  is  merely  a  funnel  enclosed  within  a  gasometer.  The 
A  n  bears  an  annular  hollow  vessel  a  6,  filled  with  water,  in  which  receiver  the  cyl- 
cal  gcisometer  ef,  e,  f,  t,  is  immersed.  The  filler  funnel  is  secured  at  its  upper 
to  the  inner  surface  of  the  annular  vessel  a  6.  In  consequence  of  the  pressure  of 
gasometer  regulated  by  the  weight  g,  upon  the  air  enclosed  within  it,  the  liquid  is 
Uy  pressed,  and  the  water  in  the  annular  space  rises  to  a  corresponding  height  on  the 
r  surface  of  the  gasometer,  as  shown  in  the  figure.  Were  the  apparatus  made  of 
I  iron,  the  annular  space  might  be  charged  with  mercury. 

general,  relatively  to  the  application  of  pressure  to  filters,  it  may  be  remarked, 
it  cannot  be  pushed  very  far,  without  the  chance  of  deranging  the  apparatus,  or 
ering  the  filtered  liquor  muddy.  The  enlargement  of  the  surface  is,  generally 
king,  the  safest  and  most  efficacious  plan  of  increasing  the  rapidity  of  filtration, 
cially  for  liquids  of  a  glutinous  nature.  This  expedient  is  well  illustrated  in  the  creased 
filter  now  in  use  in  most  of  the  sugar  refineries  of  London.    See  Sugar. 

many  cases  it  is  convenient  so  to  construct  the  filtering  apparatus,  as  that  the 
d  shall  not  descend,  but  mount  by  hydrostatic  pressure.  This  method  has  two 
iDtages  :  1.  that  without  much  expensive  apparatus,  any  desired  degree  of  hydro- 
e  pressure  may  be  given,  as  also  that  the  liquid  may  be  forced  up  through  several  fil- 
ig  surfaces  placed  alongside  of  each  other ;  2.  that  the  object  of  filtering,  which  is  to 
rate  the  particles  floating  in  the  fluid  without  disturbing  the  sediment,  may  be  per- 
j  attained,  and  thus  very  foul  liquids  be  cleared  without  greatly  soiling  the  filtering 
ice. 

ich  a  construction  is  peculiarly  applicable  to  the  purification  of  water,  either  alone, 
imbined  with  the  downwards  plan  of  filtration.  Of  the  former  variety  an  example 
tiown  in  fig.  391.  The  wooden  or  zinc  conical  vessel  is  provided  with  two  per- 
Led  bottoms  or  sieves  e  e,  betwixt  which  the  filtering  substance  is  packed.  Over 
for  the  formation  of  the  space  h  A,  there  is  a  third  shelf,  with  a  hole  in  its  middle 
ogh  which  the  tube  db  is  passed,  so  as  to  be  water  tight.   This  places  the  upper 
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open  part  of  the  apparatus  in  communication  with  the  lowest  space  a.  From  the  cob- 
partment  h  h  b.  small  air  tube  I  runs  upwards.  The  filtering  sabstance  coiiMsts  at  botloa 
of  pebbles,  in  the  middle  of  gravel,  and  at  the  top  of  fine  sand,  which  may  be  mixed  vilk 
coarsely  ground  bone  black,  or  covered  with  a  layer  of  the  same.  The  water  to  be  fihcr- 
ed  being  poured  into  the  cistern  at  lop,  fills  through  the  tube  b  d  the  inferior  coopaitmcit 
a,  from  which  the  hydrostatic  pressure  forces  the  water  upward  thronglf  the  perforalci 
shelf,  and  the  filtering  materials.  The  pure  water  collects  in  the  space  h  while  the  sir 
escapes  by  the  small  tube  /,  as  the  liquid  enters.  The  stopcock  t  senres  to  draw  off  tke 
filtered  water.  As  the  motion  of  the  fluid  in  the  filter  is  slow,  the  particles  snspeoded  is 
it  have  time  to  subside  by  their  own  gravity ;  hence  there  collects  over  the  upper  shelf  it 
as  well  as  over  the  under  one  at  a,  a  precipitate  or  deposite  which  may  be  washed  oM 
of  the  latter  cavity  by  means  of  the  stopcock  m. 

As  an  example  of  on  upwards  and  downwards  fi]ter,yfg.  392  may  be  exhibited,  abcp 

is  a  wooden  or  metallie  cistera  fl^ 
nished  with  the  perforated  shdf 
c  near  its  under  part,  npoa  whidk 
a  vertical  partition  is  fixed  throo^ 
the  axis  of  the  vessel.  A  scBft> 
circular  perforated  shelf  is  pberi 
at  a,  and  a  second  similar  one 
6.  These  horizontal  shelves  raC 
upon  brackets  in  the  sides  of  tk 
cisterns,  so  that  they  may  be  leai* 
ily  lifted  out.  The  space  o  ii 
filled  with  coarse  sand,  j  with  Bod> 
eretely  fine,  and  h  with  very  file. 
The  foul  water  is  poured  into  tk 
chamber  e,  and  presses  throagk 
G  J  H  and  into  the  space  r ;  wheaee 
it  may  be  drawn  by  the  stif- 
cock/. 

Fig.  393  reprosents  in  section  a  filtering  apparatus  consisting  of  two  eonceotiie 
chambers;  the  intericr  being  destined  for  downwards  filtration,  and  the  exterior  for 
upwards.    Within  the  larger  cistern  a,  a  smaller  one  b  is  placed  concentrically,  with  iti 

under  part,  and  is  left  open  from 
distance  to  distance,  to  make  t 
communication  between  the  in- 
terior cavity  and  the  exterior 
annular  space.  These  caviliei 
are  filled  to  the  marked  height 
with  sand  and  gravel.  The 
inner  cylindrical  space  has  fiae 
sand  below,  then  sharper  saod 
with  granular  charcoal,  next 
coarse  sand,  and  lastly  gravel 
The  annular  space  has  in  like 
manner  fine  sand  t>elow.  ThI 
foul  water  is  introduced  by  the 
pipe  E,  the  orifice  at  whose  end 
is  acted  upon  by  a  ball-cock 
with  its  lever  a;  whereby  the 
m???Vs  water  is  kepi  always  at  the  sime 

level  in  Iho  inner  vessel.  The  water  sinks  through  the  sand  strata  of  the  middle  vessel, 
passes  outwards  at  its  bottom  into  the  annular  space,  thence  up  through  the  sand  ia  it, 
and  colleclin?  above  it,  is  let  off  by  the  stopcock  on  the  pipe  6.  When  a  muddy  deposite 
forms  after  some  lime,  it  may  be  easily  cleared  out.  The  cord  c,  running  over  the  pulleys 
/ /,  being  drawn  tight,  the  ball  lever  will  shut  up  the  valve.  The  stopcock  d  made  fist 
to  the  conducting  tube  k  must  then  be  opened,  so  that  the  water  now  overflows  into  the 
annular  space  at  a  ;  the  tube  r,  in  communication  with  the  inner  space  b,  being  opened 
by  taking  out  the  stopper  h.  The  water  thereby  percolates  through  the  sand  strata  in  the 
reverse  direction  of  its  usual  course,  so  as  to  clear  away  the  impurities  in  the  space  B,tnd 
to  discharge  them  by  the  pipe  c  h.  An  apparatus  of  this  kind  of  moderate  size  is  capable 
of  filtering'  a  great  body  of  water.  It  should  be  constructed  for  that  purpose  of  masonry; 
but  upon  a  small  scale  it  may  be  made  of  stone-ware. 

A  convenient  apparatus  for  filtering  oil  upwards  is  represented  in^g.  394.  gis  anofl 
cask,  in  which  the  impure  parts  of  the  oil  have  accumulated  over  the  bottom.  Imme- 
diately above  this,  a  pipe  a  is  let  in,  which  communicates  with  an  ekvated  water  cistern 
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le  filter  (placed  on  the  lid  of  the  cask),  furnished  with  two  perforated  shelves, 
and  another  at  d  s  which  divide  the  interior  of  the  filter  into  threg  com- 
394  partments.   Into  the  lower  space  immediately  over  the  shelf  e, 

the  tube  by  furnished  with  a  stopcok,  enters,  to  establish  a 
communication  with  the  cask  ;  the  middle  cavity  c  is  filled  with 
coarsely  ground  charcoal  or  other  filtering  materials ;  and  the 
upper  one  has  an  eduction  pipe,  I,  When  the  stopcocks  of  the 
tubes  a  and  b  are  opened,  the  water  passes  from  the  cistern  into 
the  oil  cask,  occupies  from  its  density  always  the  lowest  place, 
and  presses  the  oil  upwards,  without  mixing  the  two  liquids ; 
whereby  first  the  upper  and  purer  portion  of  the  oil  is  forced 
through  the  tube  b  into  the  filter,  and  thence  out  through  the 
pipe  I.  When  the  fouler  oil  follows,  it  deposites  its  impurities 
in  the  space  under  the  partition  c,  which  may  from  time  to  time 
be  drawn  oil  through  the  stopcock  k,  while  the  purer  oil  is 
pressed  upwards  through  the  filter.  In  this  way  the  different 
strata  of  oil  in  the  casl^  may  be  filtered  off  in  succe^^ion,  and 
kept  separate,  if  found  necessary,  for  sale  or  use,  without  run- 
risk  of  mixin?  up  the  muddy  matter  with  what  is  clear.  According  to  the 
the  water  cistern  n,  will  be  the  pressure,  and,  of  course,  the  filtering  force, 
filter  gels  choked  with  dirt,  it  may  be  easily  recharged  with  fresh  materials, 
ng  caustic  alkaline  leys  through  linen  or  quartz,  it  is  proper  to  exclude  the 
:t  of  air ;  which  is  done  by  enclosing  the  upper  vessel,  and  attaching  a  pipe  of 
ilion  between  its  cover  and  the  shoulder  of  the  lower  vessel  or  recipient  of  the 
iroportion  as  these  fiow  down,  they  will  displace  their  balk  of  air,  and  drive 
top  of  the  upper  vessel  above  the  foul  leys. 

lodificatiuns  of  the  above  described  apparatus  are  now  on  sale  in  this  eountry ; 
ily  the  neatest,  most  economical,  and  effective  means  of  transforming  the  water 
lant  muddy  pool  into  that  of  a  crystalline  fountain,  is  afforded  by  the  Royal 
lers  of  George  Robins. 

lRMS,  Manufacturk  of.  This  art  is  divided  into  two  branches,  that  of  the 
)d  of  the  wooden  work.  The  first  includes  the  barrel,  the  lock,  and  the  mount- 
» the  bayonet  and  ramrod,  with  military  arms.  The  second  comprises  the  stocky 
ling  pieces,  likewise  the  ramrod. 

Barrel.  Its  interior  is  called  the  bore ;  its  diameter,  the  calibre  i  the  back 
•eech ;  the  front  end,  the  muzzle ;  and  the  closing  of  the  back  end,  the  breech 
The  barrel  is  generally  made  of  iron.  Most  militar}'  muskets  and  low- 
is  are  fashioned  out  of  a  long  slip  of  sheet-iron,  folded  together  edgewise 
kewer  into  a  cylinder,  arc  then  lapped  over  at  the  seam,  and  welded  at  a 
.  The  most  ductile  and  tenacious  soft  iron,  free  from  all  blemishes,  must  be 
r  this  slip.  It  is  frequently  welded  at  the  common  forge,  but  a  proper  air- 
iswers  better,  not  being  so  apt  to  bum  it.  It  should  be  covered  with  ashes 
The  shape  of  the  bore  is  given  by  hammering  the  cylinder  upon  a  steel 
I  a  groove  of  the  anvil.  SLx  inches  of  the  barrel  at  either  end  are  led  open 
?  the  breech  and  the  muzzle  by  a  subsequent  welding  operation ;  the  extrem- 
to  the  fire  being  stopped  with  clay,  to  prevent  the  introduction  of  cinders, 
length  of  two  inches  there  are  from  two  to  three  welding  operations,  divided 
atinsr  high  and  low  heats ;  the  latter  being  intended  to  correct  the  defects  of 
.  The  breech  and  muzzle  are  not  welded  upon  the  mandril,  but  upon  the 
le  anvil ;  the  breech  being  thicker  in  the  metal,  is  more  highly  heated,  and  is 
ewhat  wider  to  save  labor  to  the  borer.  The  barrel  is  finally  hammered  in 
3  of  the  anvil  without  the  mandril,  during  which  process  it  receives  a  heat 
•  minutes.  In  welding,  the  barrel  extends  about  one  third  in  length;  and 
•ts,  is  eventually  Icti  from  3  to  3  J  feet  long ;  but  for  cavalry  pistols,  only  9 

st  iron  plates  for  gun-barrels  are  those  made  of  stub  iron,  that  is,  of  old 
:  nails  welded  together,  and  forged  into  thin  bars,  or  rather  narrow  ribands, 
ne  damascus  barrels  were  much  in  vogue ;  they  were  fashioned  either  as  above 

from  plates  made  of  bars  of  iron  and  steel  laid  parallel,  and  welded  together, 
bands  of  the  same  damascus  stuff  coiled  into  a  cylinder  at  a  red  heat,  and  then 
igether  at  the  seams.  The  best  modem  barrels  for  fowling  pieces  are  con- 
(f  stub<nail  iron  in  this  manner.  The  slip  or  fillet  is  only  half  an  inch  broad, 
nes  less,  and  is  left  thicker  at  the  end  which  is  to  form  the  breech,  and  thinner 
I  which  is  to  form  the  muzzle,  than  in  the  intermediate  portion.  This  fillet 
lerately  heated  to  increase  its  pliancy,  is  then  lappedsground  the  mandril  in  a 
ection  till  a  proper  length  of  cylinder  is  formed ;  tne  edges  being  made  to 

little  in  order  to  give  Ihem  a  better  hold  in  the  welding  process.  The  ooU 
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being  taken  off  the  mandril  and  again  heated,  is  struck  down  Terticmllj  with  ill  miBli 
end  upon  the  anvil,  whereby  the  spiral  junctions  are  made  closer  and  more  uniform,  ft 
is  now  welded  at  several  successive  heats,  hammered  by  horizontal  strokes,  called  jsa^ 
tng,  and  brought  into  proper  shape  on  the  mandril.  The  finer  barrels  nre  made  cif  idl 
narrower  stub^iron  slips,  whence  they  get  the  name  of  wire  twist.  On  the  Coatiscst, 
barrels  are  made  of  steel  wire,  welded  together  lengthwise,  then  eoiled  spirally  inli  i 
cylinder.  Barrels  that  arc  to  be  i  ifled  require  to  be  made  of  thicker  iron,  and  that  of 
the  very  best  quality,  for  they  would  be  8|K)iled  by  the  least  portion  of  scale  upon  thdr 
inside.  Soldiers'  muskets  are  thickened  a  little  at  the  muule,  to  gife  a  stoat  holdiaf  li 
the  bayonet. 

The  barrels  thus  made  are  annealed  with  a  gentle  heat  in  a  proper  furnaer,  td 
slowly  cotded.  They  are  now  ready  for  the  borer,  which  is  an  oblong  square  hU 
steel,  presseii  in  its  roiation  agninst  the  barrel,  by  a  slip  of  wood  applied  to  oar  of  ill 
flat  sides,  and  held  in  its  place  by  a  ring  of  metal.  The  boring  bench  works  borim> 
tally,  and  has  a  very  shaky  appearance,  in  respect  at  least  of  the  bit.  In  some  caaO) 
however,  it  has  hwn  atteti^pted  to  work  the  barrels  and  bits  at  an  inclination  to  ik 
horizon  of  30*^,  in  vuU-c  to  facilitate  the  discharge  of  the  borings.  The  barrel  is  hdd 
in  a  slut  hy  drily  viw  jn^ini,  to  allow  it  to  humor  the  movements  of  the  borer,  wUtk 
•^1^5  would  otherwise  be  in&Dihlj 

^  ■   ^    broken.    The  bit,  as  repre- 

sented in  Jig,  395,  has  madf 
its  square  head  inserted  iotoi 
dump-chuck  of  the  lathe,  iid 
plays  freely  through  the  mt 
of  its  lensth. 

Fig.  396  represenU  hi  phi 
the  6ortNg  bench  for  mnikcl 
barrels;  //is  the  sledcev 
carriage  frame  in  which  the  barrel  is  supported  ;  a  is  the  revolving  chuck  of  the  btk^ 
into  which  the  square  end  of  the  bit,/g.  395,  is  inserted  ;  b  is  the  barrel,  clamped  at  in 
middle  to  the  carriage,  and  capable  of  being  pressed  onwards  against  the  tapering  bit  of 
the  borer,  by  the  bent  lever  c,  worked  by  the  Ufi  hand  of  the  operative  against  fukram 
knobs  at  </,  which  stand  about  two  inches  asunder.  Whenever  the  barrel  has  bees 
thereby  advanced  a  certain  space  to  the  right,  the  bent  end  of  the  lever  is  shiAed  aetiost 
another  kru»b  or  pin.  The  borer  appears  to  a  stranser  to  be  a  very  awkward  and  un*letdy 
mechaiii>iji,  but  lis  perpetual  vibrations  do  not  nflect  the  accuracy  of  the  bore.  Tht 
openinq  broach  may  he  of  a  square  or  pentagonal  form,  and  either  gradually  tapered 
from  its  thickest  part,  or  of  uniform  diameter  till  within  two  inches  of  the  end,  whence 
it  is  suddenly  tapered  to  a  point. 

A  seiies  of  bits  may  be  used  for  boring  a  barrel,  beginning  with  the  smallest  and  end- 
ing with  the  largest.  But  this  multiplication  of  tools  becomes  unnecessary,  by  laying 
against  the  cuttint?  part  of  the  bit  slips  of  wood,  called  spales,  of  gradually  increasing 
thickness,  so  that  the  edsje  is  pressed  by  them  progressively  further  from  the  axis.  The 
bore  is  next  polishetl.  This  is  done  by  a  bit  with  a  very  smooth  edge,  which  is  mounted 
as  above,  with  a  wedse  of  \vo(m1  besmeared  with  a  mixture  of  oil  and  emery.  The  ioside 
is  finished  by  wtukins  a  cylindrical  steel  file  quickly  backwards  and  forwards  within  il, 
while  it  is  revolving  slowly. 

In  borinsr,  the  bit  must  be  well  oiled  or  greased,  and  the  barrel  must  be  kept  cool  by 
lettini:  water  trickle  on  it;  for  the  bit,  revolving  at  the  rate  of  120  or  140  times  a  minute, 
generates  a  ?real  deal  of  heat.  If  a  flaw  be  detected  in  the  barrel  during  the  boring, 
that  part  is  hammered  in,  and  then  the  bit  is  employed  to  turn  it  out. 

Many  sportsmen  are  of  opinion  that  a  barrel  with  a  bore  somewhat  narrowed  towards 
the  muzzle  serves  to  keep  shot  better  together;  and  that  roughening  its  inside  with 
pounded  glass  has  a  gooil  effect,  with  the  same  view.  For  this  purpose,  also,  fine  spiiil 
lines  have  been  made  in  their  interior  surface.  The  justness  of  its  calibre  is  tried  by 
means  of  a  truly  turned  c>linder  of  steel,  3  or  4  inches  long,  which  ought  to  move  withoot 
friction,  but  with  uniform  contact  from  end  to  end  of  the  barrel.  Whatever  irregularities 
appear  must  be  immediately  removed. 

The  outer  surface  of  the  barrel  is  commonly  polished  upon  a  dry  grindstone,  but  it  if 
better  finished,  and  less  dangerously  to  the  workman,  at  a  turning  lathe  with  a  slide  rest 
If  a  stone  be  used,  it  should  be  made  to  revolve  at  the  mouth  of  a  tunnel  of  some  kind, 
into  which  there  is  a  good  draught  to  carry  off  the  ferruginous  particles.  A  piece  of 
moist  cloth  or  leather  should  be  suspended  before  the  orifice. 

Rifle  barrels  have  parallel  crooves  of  a  square  or  angular  form  cut  within  them,  each 
groove  being  drawn  in  succession.  These  grooves  run  spirally,  and  form  each  ai 
aliquot  part  of  a  revolution  from  the  chamber  to  the  muzzle.  Rifles  should  not  be  too 
deeply  indented ;  only  so  much  as  to  prevent  the  ball  turning  round  within  the  barrel, 
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ires  should  be  truly  parallel,  that  the  ball  may  glide  along  with  a  regular 
vrfra. 

sian  gun-makers,  who  are  reckoned  very  expert,  draw  out  the  iron  for  the 
band  forges,  in  fillets  only  one  ninth  of  an  inch  thick,  one  inch  and  a  half 
four  feet  long.  Twenty-five  of  these  ribands  are  laid  upon  each  other,  between 
ones  of  double  thickness,  and  the  bundle,  weighing  60  pounds,  bound  with 
>  places,  serves  to  make  two  barrels.  The  thicker  plates  are  intended  to 
thinner  from  the  violence  of  the  fire  in  the  numerous  successive  heats  neces- 
iplete  the  wekling,  and  to  form  the  bundle  into  a  bar  two  thirds  of  an  inch 
lalf  an  inch  thick ;  the  direction  of  the  individual  plates  relatively  to  the 
ing  preserved.  This  bar,  folded  flat  upon  itself,  is  again  wrought  at  the 
is  only  half  an  inch  broad,,  and  a  quarter  of  an  inch  thick,  while  the  plates  of 
re  ribands  are  now  set  perpendicular  to  the  breadth  of  the  narrow  fillet ;  the 
rhich  must  be  15  or  !(>  feet  French  (16  or  17  English),  to  form  a  fowling 
28  to  30  inches  long.  This  fillet,  heated  to  a  cherry  red  in  successive 
coiled  into  as  close  a  spiral  as  possible,  upon  a  mandril  about  two  fifths 
in  diameter.  ^  The  mandril  has  at  one  end  a  stout  head  for  drawing  it  out, 
f  the  hammer  and  the  grooves  of  the  anvil,  previous  to  every  heating.  The 
performed  upon  a  mandril  introduced  aAer  each  heat ;  the  middle  of  the 
I  first  worked,  while  the  fillets  are  forced  back  against  each  other,  along  the 
Ihe  mandril,  to  secure  their  perfect  union.  The  original  plates  having  in  the 
f  the  ultimate  long  riband  become  very  thin,  appear  upon  the  surface  of  the 
threads  of  a  fine  screw,  with  blackish  tints  to  mark  the  junctions.  In  making 
rrelled  gun,  the  two  are  formed  from  the  same  bundle  of  slips,  the  coils  of  the 
1  fillet  being  turned  to  the  right  hand,  and  those  of  the  other  to  the  left, 
nascus  barrels  forged  as  above  described,  from  a  bundle  of  steel  and  iron 
alternately  together,  are  twisted  at  the  foi^e  several  times,  then  coiled  and 
usual.  Fifteen  Parisian  workmen  concur  in  one  operation :  six  at  the  forge  $ 
boring  mill;  seven  at  filing,  turning,  and  adjusting;  yet  all  together  make 
irs  of  barrels  per  week,  which  are  sold  at  from  100  to  300  francs  the  pair,  ready 
into  the  stock. 

iching  is  of  three  kinds  :  the  common;  the  chamber,  plug,  or  mortar,  fig.  397; 

398  and  the  patent,  Jig.  398.    The  common 

was  formerly  used  for  soldiers'  muskets 
and  inferior  pieces.  The  second  is  a 
trifiing  improvement  upon  it.  In  the 
patent  breeching,  the  screws  do  not  in- 
terfere with  the  touch-hole,  and  the  ignition 
is  quicker  in  the  main  chamber. 

The  only  locks  which  it  is  worth  while 
to  describe  are  those  upon  the  percussion 
principle,  as  flint  locks  will  certainly  soon 
cease  to  be  employed  even  in  military 
muskets.  Forsyth's  lock  (^g.  399)  was 
an  ingenious  contrivance.  It  has  a  maga- 
zine a,  for  containing  the  detonating  pow- 
der, which  revolves  round  a  roller  6,  whose 
end  is  screwed  into  the  breech  of  the 
barrel.  The  priming  powder  passes  through 
a  small  hole  in  the  roller,  which  leads  to  a 
channel  in  conmiunication  with  the  chamber 

 ^  of  the  gun. 

for  holding  the  scuttMg  u  |toed  immediately  over  the  little  hole  in  the  roller, 
steel  punch  c,  in  the  magazine,  whose  under  end  stands  above  the  pan,  ready 
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to  ignite  the  priming  when  strack  upon  the  top  by  the  cock  dy  wheaerer  the  trigger  i 
drawn.  The  punch  immediately  after  being  driven  down  into  the  pan  is  raited  by  tlie'adai 
of  a  spiral  spring.  For  each  explosion,  the  magazine  must  be  tonied  so  far  itNmd  aiti 
let  fall  a  portion  of  the  percussion  powder  into  the  pan ;  after  which  it  is  tamed  bKl^ 
and  the  steel  punch  recovers  its  proper  position  for  striking  another  blow  iaio  ita 
pan. 

The  invention  of  the  copper  percussion  cap  was  another  great  improTement  apoa  it 
detonating  plan.  Fig.  400  represents  the  ordinary  percussion  lode,  which  it  happl^ 
divested  of  three  awkward  projections  upon  the  flint  lock,  namely,  the  hammer,  haaaB 
spring,  and  the  pan.  Nothing  now  appears  upon  the  plate  of  the  lock,  bot  the  mA 
or  striking  hammer,  which  inflicts  the  proper  blow  upon  the  percossioo  cafi.  hi 
concave,  with  a  small  metallic  ring  or  border,  called  a  shield  or  fence,  Ibr  the  pufm 
of  enclosing  the  cap,  as  it  were,  and  preventing  its  splinters  doing  injury  to  the  lnn^lll■■^, 
as  also  protecting  against  the  line  of  flame  which  may  issue  from  the  toach-h^e  ia  Ai 
eap  nipple.  This  is  screwed  into  the  patent  breech,  and  is  perforated  with  a  ahI 
hole. 

400 


The  safety  lock  of  Dr.  Somerville  is  a  truly  humane  invention.  Its  essential  feature 
IS  a  slide  slop  or  calch,  placed  under  the  trigger  a,  fig.  401.  It  is  pulled  forward  inlo 
a  notch  in  the  trigger,  by  means  of  a  spring  a,  upon  the  front  of  the  goanl,  which  is 
worked  by  a  key  c,  pressing  upon  the  sprins:  when  the  piece  is  discharged.  In  another 
safety  plan  there  is  a  small  moveable  curved  piece  of  iron,  a,  which  rises  through  an  openins 
B,  in  the  lock-plate  c,  and  prevents  the  cock  from  reaching  the  nipple,  as  represented  is 
the  figure,  until  it  is  drawn  back  within  the  plate  of  the  lock  when  the  piece  is  fired. 


401 


To  fire  this  gun,  two  different  points  must  be  pressed  at  the  same  time.  If  by 
accident  the  key  which  works  the  safety  be  touched,  nothing  happens,  because  the  trigger 
is  not  drawn  ;  and  the  trigger  touched  alone  can  produce  no  effect,  because  it  is  locked. 
The  pressure  must  be  applied  to  the  trigger  and  the  key  at  the  same  instagt,  otherwise 
the  lock  will  not  work. 

The  French  musket  is  longer  than  the  British,  in  the  proportion  of  44*72  inches  to  42; 
but  the  French  bayonet  is  15  inches,  whereas  the  British  is  17. 
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Eng.  Dimennons.-  Fr.  DuMMumi. 
Diameter  of  the  bore    ...         .   0.75  in.  0<69  in. 

Diameter  of  the  ball     ...         -    0*676  0*65 
Weight  of  the  ball  in  oz.      -      -         -    1*06  0*958 
Weight  of  the  firelock  and  bayonet  in  lbs.  -  12*25  10*980 
Length  of  the  barrel  and  bayonet  -         -  59*00  59*72 


Within  theae  few  years  a  great  many  contrivances  have  been  brought  forward,  and 
several  have  been  patented  for  fire  arms.  The  first  I  shall  notice  is  that  of  Charles 
Bandom,  Baron  de  Berenger.  ftg.  402  shows  the  lock  and  breech  of  a  fowlinir  piece, 
with  a  sliding  protector  on  one  of  the  improved  plans ;  a  is  the  hammer,  6  the  nipple  of 
the  touch-hole,  c  a  bent  lever,  turning  upon  a  pin,  fixed  into  the  lock.plate  at  d.  The 
vpper  end  of  this  bent  lever  stands  partly  under  the  nose  of  the  hammer,  and  while  in 
Hhai  situation  stops  it  from  striking  the  nipple.  A  slider  g  fh,  connected  with  the  under 
put  of  the  gun-stock,  is  attached  to  the  tail  of  the  bent  lever  at  t ;  and  when  the  piece 
M  brought  to  the  shoulder  for  firing,  the  hand  of  the  sportsman  pressing  against  the  bent 
pwt  of  the  slider  at  g,  forces  this  back,  and  thereby  moves  the  end  of  the  lever  c  forward 


'  (rom  under  the  nose  of  the  cock  or  hammer,  as  shown  by  the  dotted  lines.  The  trigger 
being  now  drawn,  the  piece  will  be  discharged  ;  and  on  removing  the  hand  from  the  end 
g,  of  the  slider  /,  the  spring  at  h  acting  against  the  guard,  will  force  the  slider  forward, 
and  the  lever  into  the  position  first  described. 

Mr.  Redford,  gun-maker  of  Birminghan,  proposes  a  modification  of  the  lock  for 
•mall  fire-arms,  in  which  the  application  of  pressure  to  the  sear  spring  for  discharging 
the  piece  is  made  by  means  of  a  plug,  depressed  by  the  thumb,  instead  of  the  force  of 
the  finger  exerted  against  the  trigger.    Fig,  403  represents  a  fowling  piece  partly  in 


tectkm.  The  sear  spring  is  shown  at  a.  It  is  not  here  connected  with  the  trigger  as  in 
other  locks ;  but  is  attached  by  a  double-jointed  piece  to  a  lever  b,  which  turns  upon  a 
Iblcnim  pin  in  its  centre.  At  the  reverse  end  of  this  lever  an  arm  extends  forwards, 
like  that  of  an  ordinary  sear  spring,  upon  which  arm  the  lower  end  of  the  plug  c  is 
intended  to  bear ;  and  when  this  plug  is  depressed  by  the  thumb  bearing  upon  it,  that 
end  of  the  lever  6  will  be  forced  downwards,  and  the  reverse  end  will  be  raised,  so  as  to 
draw  up  the  end  of  the  sear  spring,  and  set  off  the  piece.  For  the  sake  of  protection, 
the  head  of  the  plug  c  is  covered  by  a  moveable  cap  rf,  forming  part  of  a  slider  e,  which 
moves  to  and  fro  in  a  groove  in  the  stock,  behind  the  breech  end  of  the  barrel ;  this 
llider  e  is  acted  upon  by  the  trigger  through  levers,  which  might  be  attached  to  the  other 
tide  of  the  lock-plate ;  but  are  not  shown  in  this  figure,  to  avoid  confusion.  When  the 
]nece  is  brought  to  the  shoulder  for  firing,  the  fore-finger  must  be  applied  as  nsual  to 
the  trigger,  but  merely  for  the  purpose  of  drawing  back  the  slider  e,  and  uncovering  the 
head  of  the  pluir ;  when  this  is  done,  the  thumb  is  to  be  pressed  upon  the  head  of  the  plug, 
and  will  thus  discharge  the  piece.  A  spring  bearing  against  the  lever  of  the  slider  e,  will, 
when  the  finger  is  withdrawn  from  the  trigger,  send  the  slider  forward  again,  and  cover 
the  head  of  the  plug,  as  shown. 

It  is  with  pleasure  I  again  advert  to  the  humane  ingenuity  of  the  Rev.  John  Somerville, 
of  Currie.  In  April,  1835,  he  obtained  a  patent  for  a  further  invention  to  prevent  the 
aeeidental  discharge  of  fire  arms.  It  consists  in  hindering  the  hammer  from  reaching  the 
nipple  of  a  percussion  lock,  or  the  flint  reaching  the  steel  of  an  ordinary  one,  by  the- 
inlerpodtion  of  moveable  safety  studs  or  pins,  which  protrude  from  under  the  fatee 
breeefa  before  the  hammers  of  the  locks,  and  prevent  them  from  descending  to  strike. 
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These  safety  itods  or  pins  are  moved  ont  of  the  way  by  the  pressure  of  the  right  hand  of 
the  person  using  the  gun  only  when  in  the  act  of  firing,  that  is,  when  the  foree  of  the 
right  hand  and  arm  is  exerted  to  press  the  butt  end  of  the  stock  of  the  gun  against  the 
shoulder  while  the  aim  is  taken  and  the  trigger  pulled.  In  carrying  the  gun  at  rest,  the 
proper  parts  of  the  thumb  or  hand  do  not  come  over  Mr.  Somerville's  moveable  buttons  or 
studs. 

Fig,  404  is  a  side  view  of  part  of  a  double  percussion  gun  ;  and  fig,  405  is  a  top  or 
plan  view,  which  will  serve  to  explain  these  improvements,  and  show  one,  oat  of  many, 
methods  of  carrjing  them  into  effect,  a  is  the  stock  of  the  gun;  b  the  barrels;  cthe 
breech  ;  d  the  nipples ;  £  the  false  breech,  on  the  under  side  of  which  the  levers  which 
work  the  safety  studs  or  pins  are  placed ;  v  is  the  shield  of  the  false  breech ;  g,  triggers; 
H  the  lock-plate ;  and  i  the  hammers :  all  of  which  are  constructed  as  usual :  o  a  are 
the  safety  studs  or  pins,  which  protrude  before  the  shield  f,  and  work  through  guide 
pieces  on  the  under  side  of  the  false  breech.  The  button  piece  is  placed  in  the 
position  for  the  thumb  of  the  right  hand  to  act  upon  it ;  but  when  the  pressure  of  the 
ball  of  the  right  thumb  is  to  produce  the  movement  of  the  safety  studs,  it  must  be  plaeed 


in  or  near  the  position  k  ;  and  when  the  heel  of  the  right  hand  is  to  effect  the  mo?^ 
ments  of  the  safety  studs,  the  button  piece  must  be  placed  at  l,  or  nearly  so. 

405  r>         ^  406 


In  \hrsr  Inst  two  positions,  the  h  ver  (which  is  acted  upon  by  the  button  piece  to  wnrk 
the  NjilViy  studs  tliroui^h  a  slide;  would  require  to  be  of  a  difTerenl  shape  and  differ- 
enlly  inounled.  When  the  hammers  are  down  upon  the  nipples  after  discharein?  the 
gun,  tile  entls  of  the  safety  pins  press  against  the  inner  sides  of  the  hammers.  When  this 
invention  i>  adapted  to  sinnle-barrelled  guns,  only  one  pin,  a,  one  lever  and  button  pie« 
will  be  ref)uired. 

Mr.  Richanls,  gun  maker,  Birmingham,  patented,  in  March,  1836,  a  modification  of 
the  copper  cap  for  holding  the  percussicm  powder,  as  represented  fig.  406  ;  in  which 
the  powder  is  removed  from  the  top  of  the  cap,  and  brought  nearer  the  mouth  ;  a  bein? 
the  top,  b  the  sides,  an<l  c  ihe  position  of  the  priming.  The  dotted  lines  show  the  direc- 
tion of  th»^  explosion,  whereby  ii  is  seen  that  the  metal  case  is  opened  or  distended  only 
in  a  small  degree,  and  not  likely  to  burst  to  pieces,  as  in  the  common  caps,  the  space 
between  a  and  c  being  occupied  by  a  piece  of  any  kind  of  hard  metal  (i,  soldered  or  other- 
wise fastened  in  the  cap. 

*  George  r^)vell,  Ksq.,  director  of  the  Royal  Manufactory  of  Arms  at  Enfield,  has  re- 
cently made  a  great  improvement  upon  the  priming  chamber.  He  forms  it  into  a  verti- 
cal double  cone,  joined  in  the  middle  by  the  common  apex;  the  base  of  the  upper  cone 
being  in  contact  with  the  percussion  cap,  presents  the  most  extensive  surface  to  the  fal- 
minate  upon  the  one  hand,  while  the  base  of  the  under  one  being  in  a  line  with  the  interior 
surface  of  the  barrel,  presents  the  largest  surface  to  the  gunpowder  charge,  upon  the 
other.  In  the  old  nipple  the  apex  of  the  cone  being  at  its  top,  afforded  very  injudiciooslf 
the  jniniirium  su^^face  to  the  exploding  force. 

Guns,  Rifling  of  the  Barrels.  —  The  outside  of  rifle  barrels  is,  in  general,  octagonal, 
After  the  barrel  is  bored,  and  rendered  truly  cylindrical,  it  is  fixed  upon  the  rifling 
machine.  This  instrument  is  formed  upon  a  square  plank  of  wood  7  feet  long,  to  which 
is  fitted  a  tube  about  an  inch  in  diameter,  with  spiral  grooves  deeply  cut  internally 
through  its  whole  length;  and  to  this  a  circular  plate  is  attached,  about  5  inches 
diameter,  accurately  divided  in  concentric  circles,  into  from  5  to  16  equal  parts,  and 
supported  by  two  rings  made  fast  to  the  plank,  in  which  rings  it  revolves.  An  tro 
conn<  cied  with  the  dividing  graduated  plate,  and  pierced  with  holes,  through  which  a 
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is  passed,  regulates  the  change  of  the  tube  in  giving  the  desired  number  of  grooTes 
to  the  barrel.  An  iron  rod,  with  a  moveable  handle  at  the  one  end,  and  a  steel  cutter  in 
the  other,  passes  through  the  above  rifling  tube.  This  rod  is  covered  with  a  core  of  lead 
one  foot  long.  The  barrel  is  firmly  fixed  by  two  rings  on  the  plank,  standing  in  a  straight 
line  on  the  tube.  The  rod  is  now  drawn  repeatedly  through  the  barrel,  from  end  to  end, 
until  the  cutter  has  formed  one  groove  of  the  proper  depth.  The  pin  is  then  shifted  to 
another  hole  in  the  dividing  plate,  and  the  operation  of  grooving  is  repeated  till  the  whole 
nomber  of  riflings  is  completed.  The  barrel  is  next  taken  out  of  the  machine,  and  fin- 
ished. This  is  done  by  casting  upon  the  end  of  a  small  iron  rod  a  core  of  lead,  which, 
when  besmeared  with  a  mixture  of  fine  emery  and  oil,  is  drawn,  for  a  considerable  time, 
by  the  workmen,  from  the  one  end  of  the  barrel  to  the  other,  till  the  inner  surface  has 
become  finely  polished.  The  best  dei^ree  of  spirality  is  found  to  be  from  a  quarter  to 
balf  a  revolution  in  a  length  of  three  feet. 

Military  Rifles. — An  essential  improvement  in  this  destructive  arm  has  lately  been  in- 
troduced into  the  British  service  at  the  suggestion  of  Mr.  Lovell. 

The  intention  in  all  rifles  is  to  impart  to  the  ball  a  rotatory  or  spinning  motion 
round  its  axis,  as  it  passes  out  through  the  barrel.  This  object  was  attaint,  to  a  certain 
degree,  in  the  rifles  of  the  old  pattern,  by  cutting  seven  spiral  grooves  into  the  inside  of 
the  barrel,  in  the  manner  shown  by  fig,  407,  the  spherical  bidl,  fig.  408,  being  a  little 
410  409  407  408 


larger  than  the  bore,  was  driven  down  with  a  mallet,  by  which  the  projecting  ribs  were 
forced  into  the  surface  of  the  ball,  so  as  to  keep  it  in  contact  with  their  curvatures,  during 
its  expulsion.  Instead  of  this  laborious  and  insecure  process,  the  barrel  being  now  cut 
with  only  two  opposite  grooves,  fig.  409,  and  the  ball  being  formed  with  a  projecting 
belt,  or  zone,  round  its  equator,  of  the  same  form  as  the  two  grooves,  fig.  410,  it  enters 
so  readily  into  these  hollows,  that  little  or  no  force  is  required  to  press  it  down  upon  the 
powder.  So  much  more  hold  of  the  barrel  is  at  the  same  time  obtained,  that  instead  of  one 
quarter  of  a  turn,  which  was  the  utmost  that  could  be  safely  given  in  the  old  way,  with- 
out danger  of  stripping  the  ball,  a  whole  turn  round  the  barrel,  in  its  length,  can  be  given 
to  the  two  grooved  rifles ;  whereby  a  far  more  certain  and  complete  rotatory  motion  is 
imparted  to  the  ball.  The  grand  practical  result  is,  that  better  practice  has  been  per- 
formed by  several  companies  of  the  Rifle  Corps,  at  300  yards,  than  could  be  produced 
with  the  best  old  military  rifles  at  150yai  ds ;  the  soldier  being  meanwhile  enabled  to  load 
with  much  greater  ease  and  despatch.  The  belt  is  bevelled  to  its  middle  line,  and  not  so 
flat  as  shown  in  the  figure. 

This  mode  of  rifling  is  not,  however,  new  in  England.  In  fact,  it  is  one  of  the 
oldest  upon  record;  and  appears  to  have  fallen  into  disuse  from  faults  in  the  execution. 
The  idea  was  revived  within  the  last  few  years  in  Brunswick^  and  it  was  tried  in 


Hanover  also,  but  with  a  lens-shaped  (Linsenformig)  ball.  The  judicious  modifications 
and  improvements  it  has  finally  received  in  Mr.  Lovell's  hands,  have  brought  out  all  iu 
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advantages,  and  rendered  it,  when  skilfully  used,  a  weapon  of  unerring  aim,  even  at  tke 
prodigious  distance  of  700  yards. 

The  locks,  also,  for  the  military  service  generally,  are  now  receiving  an  important  im- 
provement by  means  of  his  labors,  having  been  simplified  in  a  remarkable  manner.  The 
Vnion  uf  the  main  spring  is  reversed,  as  shown  by  fig.  411 ;  thus  rendering  ihe  whok 
mechanism  more  solid,  compact,  and  convenient ;  while  the  ignition  of  the  charge  being 
elfected  by  percussion  powders  in  a  copper  cap,  the  fire  of  the  British  line  will,  in  future, 
be  more  murderous  than  ever,  as  a  mis-fire  is  hardly  ever  experienced  wilb  the  fire-arms 
made  at  the  Royal  manufactory,  under  Mr.  Lovell's  skilful  superintendence. 

FIRE-DAMP  i  the  explosive  carbureted  hydrogen  of  coal  mines.   See  Pitcoal. 

FIRE-WORKS.  (Feux  d'artifice,  Fr. ;  Feuerwerke,  Germ.)  The  composition  of  lomi- 
nous  devices  with  explosive  combustibles,  is  a  modem  art  resulting  from  the  discovery  of 
gunpowder.  The  finest  inventions  of  this  kind  are  due  to  the  celebrated  Ruggieri,  father 
and  son,  who  executed  in  Rome  and  Paris,  and  the  principal  capitals  of  Europe,  the  mod 
brilliant  and  beautiful  fireworks  that  were  ever  seen.  The  following  description  of  their 
procesi^es  will  probably  prove  interesting  to  many  of  my  readers. 

The  three  prime  materials  of  this  art  are,  nitre,  sulphur,  and  charcoal,  along  with 
filings  of  iron,  steel,  copper,  zinc,  and  resin,  camphor,  lycopodium,  &c.  Gunpowder  b 
used  either  in  grain,  half  crushed,  or  finely  ground,  for  didereut  purposes,  llie  lonnr 
the  iron  filings,  the  brighter  red  and  white  sparks  they  give }  those  being  preferred  which 
are  made  with  a  very  coarse  file,  and  quite  free  from  rust.  Steel  filings  and  cast-iroa 
borings  contain  carbon,  and  afford  a  more  brilliant  fire,  with  wavy  radiations.  Copper 
filing>  q^ive  a  greenish  tint  to  flame ;  those  of  zinc,  a  fine  blue  color ;  the  sulphuret  of 
antimony  gives  a  le^^s  greenish  blue  than  zinc,  but  with  much  smoke ;  amber  affords  a 
yellow  fire,  as  well  as  colophony,  and  common  salt ;  but  the  last  must  l>e  very  dry. 
Lampblack  produces  a  very  red  color  with  gunpowder,  and  a  pink  with  nitre  in  exeeu. 
It  serves  for  making  golden  showers.  The  yellow  sand  or  glistening  mica,  communicates 
to  fire- works  golden  radiations.  Verdigris  imparts  a  pale  green  ;  sulphate  of  copper  and 
sal-ammoniac,  a  palm-tree  green.  Camphor  yields  a  very  white  flame  and  aromatic  fumes, 
wliich  mask  ihe  bad  smell  of  other  substances.  Benzoin  and  storax  are  used  also  on 
account  of  their  agreeable  odor.  Lycopodium  burns  with  a  rose  color  and  a  magnificent 
flame ;  but  it  is  principally  employed  in  theatres  to  rei)resent  lightning,  or  to  charge  the 
torch  of  a  fury. 

Fire-works  are  divided  into  three  classes:  1.  those  to  be  set  ofl*  upon  the  ground;  2. 
those  which  are  shot  up  into  the  air;  and  3.  those  which  act  upon  or  under  water. 

Composition  for  jcf.s  of  Jire  ;  the  common  preparation  for  rockets  not  more  than  J  of  as 
inch  in  diameter,  is;  gunpowder,  16  parts;  charcoal,  3  parts.  For  those  of  larger  diam- 
eter; sunpowder,  l(j ;  sle^  l  filings,  4. 

Brilliant  rfvolving  \chevl ;  for  a  lube  less  than  I  of  an  inch;  gunpowder,  16;  steel 
filings,  3.    When  more  than  {  :  gunpowder,  16;  filing*?,  4. 

Chiiif.ae.  or  Jaxmine  fire ;  when  less  than  J  of  an  inch  :  gunpowder,  16;  nitre,  8;  char- 
coal (fine),  3;  sulphur,  3;  pounded  cast-iron  iKirinsrs  (small),  10.  When  wider  than  }: 
guni)owder,  16;  nitre,  12;  charcoal,  3  ;  sulphur,  3 ;  coarse  borings,  12. 

j1  fixed  brilliant ;  less  than  J  in  diameter  :  gunpowder,  16 ;  steel  filings,  4 ;  or,  gan- 
powdrr,  J6;  and  finely  pounded  borings,  6. 

Fijcd  suns  are  composed  of  a  certain  number  of  jets  of  fire  dislribated  circularly,  like 
the  spokis  of  a  wheel.  All  the  fusees  take  fire  at  once  through  channels  charged  with 
quick  matches.  Glories  are  lari;e  suns  with  several  rows  of  fusees.  Fant  are  portions 
of  a  sun,  beinj»  sectors  of  a  circle.    The  Paile  d'oie  is  a  fan  with  only  three  jets. 

The  ttwsaic  represents  a  surface  covered  with  diamond  shaped  compartments,  formed 
by  two  series  of  parallel  lines  crossing  each  other.  This  effect  is  produced  by  placing  at 
each  point  of  inter>ecti<»n,  fi)ur  jets  of  fire,  which  run  into  the  adjoining  ones.  The  in- 
tervals between  the  jets  must  be  associated  with  the  discharge  of  others,  so  as  to  keep 
up  a  succession  of  tires  in  the  spaces. 

Palm  trees,  Ruggieri  contrived  a  new  kind  of  fire,  adapted  to  represent  all  sorts  of 
trees,  and  especially  the  palm.  The  following  is  the  composition  of  this  magnificent 
green  fire-work  :  crystulUzed  verdigris,  4  parts  ;  sulphate  of  copper, 2;  sal-ammoniac,!. 
These  ingredients  are  to  be  ground  and  moistened  with  alcohol.  An  artificial  tree  of  any 
kind  being  erected,  coarse  cotton  rovings  about  2  inches  in  diameter,  impregnated  with 
that  composition,  are  to  be  festooned  round  the  trunk,  branches,  and  among  the  leaves; 
and  immediately  kindled  before  the  spirits  have  had  time  to  evaporate. 

Ca^rades  imitate  sheets  or  jets  of  water.  The  Chinese  fire  is  best  adapted  to  such 
decorations. 

Fixed  stars.  The  bottom  of  a  rocket  is  to  be  stuffed  with  clay,  and  one  diameter  in 
heicht  of  the  first  preparation  being  introduced,  the  vacant  space  is  to  be  filled  with  the 
following  composition,  and  the  mouth  tied  up.  The  pasteboard  must  be  pierced  into  the 
prepuiation,  with  five  holes,  for  the  escape  of  the  luminous  rays,  which  represent  a  star. 
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Compoiition  of  fixed  stars : — 


Nitre  - 
Sulphur 

Gunpowder  meal 
Antimony 


Ordinary. 


Brighter. 


Colored. 
0 
6 
16 
2 


-  16 

-  4 

-  4 

-  2 


12 
6 
12 
1 


Lantxs  are  long  rockets  of  small  diameter,  made  with  cartridge  paper.  Those  whicb 
bam  quickest  should  be  the  longest.  They  are  charged  by  hand  without  any  mould, 
with  rods  of  different  lengths,  and  are  not  strangled  at  the  mouth,  but  merely  stuffed  with 
a  quick  match  of  tow.  These  lances  form  the  figures  of  great  decorations;  they  are 
fixed  with  sprigs  upon  large  wooden  frame  works,  representing  temples,  palaces,  pago- 
das, &c.  The  whole  are  placed  in  communication  by  conduits,  or  small  paper  cartridges 
like  the  lances,  but  somewhat  conical,  that  they  may  fit  endwise  into  one  another  to  any 
extent  that  may  be  desired.  Each  is  furnbhed  with  a  match  thread  fully  1|  inches  long, 
at  its  two  ends. 

Composition  for  the  white  lances :  nitre,  16 ;  sulphur,  8 ;  gunpowder,  4  or  3.  For  a 
bbsish-tphite :  nitre,  16 ;  sulphur,  8 ;  antimony,  4.  For  blue  lances :  nitre,  16 ;  antimony, 
8.  For  yellow:  nitre,  16;  gunpowder,  16;  sulphur,  8;  amber,  8.  For  yellower  ones: 
nitre,  16;  gunpowder,  16;  sulphur,  4;  colophony,  3;  amber,  4.  For  greenish  ones:  nitre, 
16;  sulphur,  6;  antimony,  6  ;  verdigris,  6.  For  pink  lances :  nitre,  16  ;  gunpowder,  3; 
lampblack,  1.  Others  less  vivid  are  made  with  niire,  16;  colophony,  3 ;  amber,  3  ;  ly- 
copodium,  3. 

Cordage  is  represented  in  fire-works,  by  imbuing  soft  ropes  with  a  mixture  of  nitre,  2; 
sulphur,  16;  antimony,  1  ;  resin  of  juniper,  1. 

The  Bengal  flames  rival  the  light  of  day.  They  consist  of,  nitre,  7;  sulphur,  2; 
antimony,  1.  This  mixture  is  pressed  strongly  into  earthen  porringers,  with  some  bits 
of  quick  match  strewed  over  the  surface.  These  flames  have  a  fine  theatrical  effect  for 
conflagrations. 

Revolving  suns  are  wheels  upon  whose  circumference  rockets  of  different  styles  are 
fixed,  and  which  communicate  by  conduits,  so  that  one  is  lighted  up  in  succession  after 
another.  The  composition  of  their  common  fire  is,  for  sizes  below  f  of  an  inch :  gun- 
powder meal,  16 ;  charcoal,  not  too  fine,  3.  For  larger  sizes :  gunpowder,  20;  charcoal, 
not  too  fine,  4.  For  fiery  radiations :  gunpowder,  16  ;  yellow  micaceous  sand,  2  or  3. 
For  mixed  radiations  :  gunpowder,  16  ;  pilcoal,  1 ;  yellow  sand,  1  or  2. 

The  waring  or  double  Catharine  wheels  are  two  suns  turning  about  the  same  axis  in 
opposite  directions.  The  fusees  are  fixed  obliquely  and  not  taneentially  to  their  peri- 
pheries. The  wheel  spokes  are  charged  with  a  great  number  of  fusees ;  two  of  the  four 
wings  revolve  in  the  one  direction,  and  the  other  two  in  the  opposite ;  but  always  in  a 
-vertical  plane. 

The  girandoles,  caprices,  spirals,  and  some  others,  have,  on  the  contrary,  a  horizontal 
rotation.  The  fire-worker  may  diversify  their  effects  greatly  by  the  arrangement  and 
color  of  the  jets  of  flame.  Let  us  take  for  an  example  the  glahe  of  light.  Imagine  a 
large  sphere  turning  freely  upon  its  axis,  along  with  a  hollow  hemisphere,  which  revolves 
also  upon  a  vertical  axis  passing  through  its  under  pole.  If  the  two  pieces  be  covered 
with  colored  lances  or  cordage,  a  fixed  luminous  globe  will  be  formed;  but  if  hori- 
zontal fusees  be  added  upon  the  hemisphere,  and  vertical  fusees  upon  the  sphere,  the 
first  will  have  a  relative  horizontal  movement,  the  second  a  vertical  movement,  which 
being  combined  with  the  first,  will  cause  it  to  describe  a  species  of  curve,  whose  effect 
win  be  an  agreeable  contrast  with  the  regular  movement  of  the  hemisphere.  Upon  the 
surface  of  a  revolving  sun,  smaller  suns  might  be  placed,  to  revolve  like  satellites  round 
their  primaries. 

Ruei^ieri  exhibited  a  luminous  serpent,  pursuing,  with  a  rapid  winding  pace,  a  butter- 
fly which  flew  continually  before  it.  This  extraordinary  effect  was  produced  in  the 
following  way.  Upon  the  summits  of  an  octagon  he  fixed  eight  equal  wheels  turning 
freely  upon  their  axles,  in  the  vertical  plane  of  the  octagon.  An  endless  chain  passed 
ronnd  their  circumference,  going  from  the  interior  to  the  exterior,  covering  the  outside 
semi-circumference  of  the  first,  the  inside  of  the  second,  and  so  in  succession;  whence 
arose  the  appearance  of  a  great  festooned  circular  line.  The  chain,  like  that  of  a  watch, 
carried  upon  a  portion  of  its  length  a  sort  of  scales  pierced  with  holes  for  receiving 
colored  lances,  in  order  to  represent  a  fiery  serpent.  At  a  little  distance  there  was  a 
butterfly  constructed  with  white  lances.  The  piece  was  kindled  commonly  by  other  fire- 
Wori£S,  which  seemed  to  end  their  play,  by  projecting  the  serpent  from  the  bosom  of  the 
flames.  The  motion  was  communicated  to  the  chain  by  one  of  the  wheels,  which 
rveerred  it  like  a  clock  from  the  action  of  a  weight.  This  remarkably  curious  mechanism 
was  called  by  the  artists  a  salamander. 

Th€  roduts  which  rise  into  the  air  with  a  prodigious  velocity  are  among  the  mb<. 
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common,  but  not  least  interesting  fire-works.  When  employed  profitsely,  they  fom  thoK 
rich  volleys  of  fire  which  are  the  crowning  ornaments  of  a  public  Icte.  The  cartridfe 
is  similar  to  that  of  the  other  jets,  except  in  regard  to  its  length,  and  the  necessity  of 
pasting  it  strongly,  and  planing  it  well ;  but  it  is  charged  in  a  different  manner.  As 
the  sky-rockets  must  fly  oflf  with  rapidity,  their  composition  shonki  be  snch  as  to  kindle 
instantly  throughout  their  length,  and  extricate  a  vast  volume  of  elastic  fluids.  To  effect 
this  purpose,  a  small  cylindric  space  is  left  vacant  round  the  axis ;  that  ia,  the  ceatral 
line  is  tubular.  The  fire- workers  call  this  sj»ce  the  soul  of  the  rocket  (mme  de  Im  fntkt). 
On  account  of  its  somewhat  conical  form,  hollow  rods,  adjustable  to  different  sizes  of 
broaches  or  skewers,  are  required  in  packing  the  charge ;  which  must  be  done  while  the 
cartridge  is  sustained  by  its  outside  mould,  or  copper  cylinder.  The  compoaiticm  of  sky- 
rockets is  as  follows : — 


Whrn  the  bore  is 

1  of  An  inch  ; 

1  to  174 ; 

11: 

Nitre  - 

16 

16 

16 

Charcoal 

7 

8 

9 

Sulphur 

4 

4 

4 

Brilliant  Fire. 

Nitre  - 

16 

16 

16 

Charcoal 

6 

7 

8 

Sulphur 

4 

4 

4 

Fine  steel  filings 

3 

4 

5 

Chinese  Fire, 

Nitre  - 

16 

16 

16 

Charcoal 

4 

6 

6 

Sulphur 

3 

3 

4 

Fine  borings  of  cast-iron 

3  coarser 

4  mixed 

5 

The  cartridge  being  charged  as  above  described,  the  pot  must  be  adjusted  to  it,  with 
the  garniture ;  that  is,  the  serpents,  the  crackers,  the  stars,  the  showers  of  fire.  See.  The 
pot  is  a  tube  of  pasteboard  wider  than  the  body  of  the  rocket,  and  about  one  third  of  its 
length.  After  being  strangled  at  the  bottom  like  the  mouth  of  a  vial,  it  is  attached  U> 
the  end  of  the  fui^ee  by  means  of  twine  and  paste.  These  are  afterwards  covered  witk 
paper.  Tlie  parniture  is  introduced  by  the  neck,  and  a  paper  plug  is  laid  over  it.  The 
whole  is  enclosed  within  a  tube  of  pasteboard  terminating  in  a  cone,  which  is  firmly 
pasted  to  the  pol.  The  quick-malch  is  now  finally  inserted  into  the  soul  of  the  rocket. 
The  rod  attached  to  the  end  of  the  sky-rockets  to  direct  their  flight  is  made  of  willow  or 
any  other  lifirht  wood.  M.  Ruesieri  replaced  the  rod  by  conical  wings  containing  eiplo- 
sive  materials,  and  thereby  made  them  fly  further  and  straighten 

The  garnitures  of  the  sky-rocket  pots  are  the  following : — 

I.  Stan  are  small,  round,  or  cubic  solids,  made  with  one  of  the  following  compositions, 
and  soaketi  in  spirits.  Uliite  starsy  nilre,  16  ;  sulphur,  8 ;  gunpowder,  3.  Others  more 
vivid  consist  of  niire,  16  ;  sulphur,  7  ;  gunpowder,  4. 

Stan  for  golden  showers^  nitre,  16;  sulphur,  10;  charcoal,  4;  gunpowder,  16;  lamp- 
black, 2.  Others  yellower  are  made  with  nitie,  16;  sulphur,  8;  charcoal,  2;  lampblack, 
2 ;  gunpowder,  8. 

The  serpents  are  small  fusees  made  with  one  or  two  playing  cards ;  their  bore  being 
less  than  half  an  inch.  The  lardons  are  a  little  larger,  and  have  three  cards;  thcrf- 
tilles  are  smaller.  Their  composition  is,  nitre,  16  ;  charcoal,  not  too  fine,  2;  gunpowder, 
4 ;  sulphur,  4  ;  fine  steel  filings,  6. 

The  ;>€/ard*  are  cartridges  filled  with  gunpowder  and  strangled. 

The  saxons  are  cartridges  clayed  at  each  end,  charged  with  the  brilliant  turning  fire, 
and  perforated  with  one  or  two  holes  at  the  extremity  of  the  same  diameter. 

The  cracker  is  a  round  or  square  box  of  pasteboard,  filled  with  granulated  gunpowder, 
and  hooped  all  round  with  twine. 

Roman  candles  are  fusees  which  throw  out  very  bright  stars  in  succession.  With  the 
composition  (as  under)  imbued  with  spirits  and  gum-water,  small  cylindric  masses  are 
made,  pierced  with  a  hole  in  their  centre.  These  bodies,  when  kindled  and  projected 
into  the  air,  form  the  stars.  There  is  first  put  into  the  cartridge  a  charge  of  fine  gun- 
powder of  the  size  of  the  star ;  above  this  charge  a  star  is  placed ;  then  a  charge  of 
composition  for  the  Roman  candles. 

The  stars,  when  less  than  f  of  an  inch,  consist  of  nitre,  16;  sulphur,  7;  gunpowder,  5. 
When  larger,  of  nitre,  16  ;  sulphur,  8 ;  gunpowder,  8. 

Roman  candles,  nitre,  16  ;  charcoal,  6  ;  sulphur,  3.  When  above  |  of  an  inch,  nitre, 
16 ;  charcoal,  8 ;  sulphur,  6. 

The  girandesy  or  bouquets,  are  those  beautiful  pieces  which  usually  conclude  a  fire* 
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work  exhibition ;  when  a  multitude  of  jets  seem  to  emblazon  the  sky  in  every  direction, 
and  then  fall  in  golden  showers.  This  effect  is  produced  by  distributing  a  number  of 
cases  open  at  top,  each  containing  140  sky-rockets,  communicating  with  one  another 
by  quick-match  strings  planted  among  them.  The  several  cases  communicate  with  each 
other  by  (xmduits,  whereby  they  take  fire  simultaneously,  and  produce  a  volcanic  display. 

The  water  fire-works  are  prepared  like  the  rest ;  but  they  must  be  floated  either  by 
wooden  bowls,  or  by  discs  and  hollow  cartridges  fitted  to  them. 

Blue  fire  for  lances  may  be  made  with  nitre,  16  ;  antimony,  8 ;  very  fine  zinc  filings,  4. 
Chinese  paste  for  the  stars  of  Roman  candles,  bombs,  &c. : — Sulphur,  16;  nitre,  4; 
gunpowder  meal,  12  j  camphor,  1 ;  linseed  oil,  1 ;  the  mixture  being  moistened  with 
spirits. 

Thc/m  gregois  of  Ruggieri,  the  son ;— Nitre,  4;  sulphur,  2;  naptht,  1.    See  Ptro- 

TECHNY  and  ROCKKTS. 

The  red  fire  composition  is  made  by  mixinif  40  parts  of  nitrate  of  strontia,  13  of  flowers 
of  sulphur,  5  of  chlorate  of  potash,  and  4  of  sulphuret  of  antimony. 

While  fire  is  produced  by  igniting  a  mixture  of  48  parts  nitre;  13 J  sulphur;  7i  sul- 
phnret  of  antimony*  or,  24  nitre,  7  sulphur,  2  realgar;  or,  75  nitre,  24  sulphur,  1  char- 
coal ;  or,  finally,  100  of  gunpowder  meal,  and  25  of  cast-iron  fine  borings. 

The  blue  fire  composition  is  4  parts  of  gunpowder  meal ;  2  of  nitre ;  sulphur  and 
zinc,  each  3  parts. 

FISH-HOOKS  (Hameconsy  Fr. ;  Fishangeltiy  Germ.)  are  constructed  with  simple 
tools,  but  require  great  manual  dexterity  in  the  workmen.  The  iron  wire  of  which  they 
are  made  should  be  of  the  best  quality,  smooth,  and  sound.  A  bundle  of  such  wire 
is  cut  in  lengths,  either  by  shears  or  by  laying  it  down  upon  an  angular  wedge  Af  hard 
steel  fixed  horizontally  in  a  block  or  anvil,  and  striking  off  the  proper  lengths  by  the 
blows  of  a  hammer.  In  fashioning  the  barhs  of  the  hooks  the  straight  piece  of  wire  is 
laid  down  in  the  groove  of  an  iron  block  made  on  purpose,  and  is  dexterously  struck  by 
the  chisel  in  a  slanting  direction,  across  so  much  of  the  wire  as  may  be  deemed  neces- 
sary. A  sharp-pointed  little  wedge  is  thus  formed,  whose  base  graduates  into  the  sub- 
stance of  the  metal. 

The  end  of  the  wire  where  the  line  is  to  be  attached  is  now  flattened  or  screw-tapped ; 
the  other-end  is  sharp  pointed,  and  the  proper  twisted  curvature  is  given.  The  soft  iron 
books  are  next  case-hardened,  to  give  them  the  steely  stiffness  and  elasticity,  by  imbed- 
ding them  in  animal  charcoal  contained  in  an  earthen  or  iron  box ;  see  Case-Hard- 
ening ;  after  which  they  are  brightened  by  heating  and  agitating  them  with  bran,  and 
finally  tempered  by  exposure  to  a  regulated  temperature  upon  a  hot  iron  plate.  Hooks 
for  salt-water  fishing  are  frequently  tinned,  to  prevent  them  wearing  rapidly  away  in 
rust.    See  Tin  Plate. 

FLAKE  WHITE  is  the  name  sometimes  given  to  pure  while-lead. 

FLAME  {Flamme,  Fr.  and  Germ.)  is  the  combustion  of  an  explosive  mixture  of  an 
in  flammable  gas  or  vapor  with  air.  That  it  is  not,  as  many  suppose,  combustion  merely 
at  the  exterior  surface,  is  proved  by  plunsjing  a  fragment  of  burning  phosphorus  or  sul- 
phur into  the  centre  of  a  lar?e  flame  of  alcohol.  Either  of  these  bodies  will  continue  to 
burn  there  with  its  peculiar  light ;  thus  proving  that  oxygen  is  mixed  with  the  whole  of 
the  burning  vapor.  If  we  mix  good  coal  {;as  with  as  much  atmospheric  air  as  can  con- 
vert all  its  carbon  into  carbonic  acid,  the  mixture  will  explode  with  a  feeble  blue  light; 
but  if  we  mix  the  same  gas  with  a  small  quantity  of  air,  it  will  burn  with  a  rich  white 
flame.  In  the  latter  case  the  carbonaceous  particles  are  precipitated,  as  Sir  H.  Davy 
first  showed,  in  the  interior  of  the  flame,  become  incandescent,  and  constitute  white 
light:  for  from  the  ignition  of  solid  matter  alone  can  the  prismatic  rays  be  emitted  in< 
that  concentrated  union.  Towards  the  interior  of  the  flame  of  a  candle,  a  lamp,  or  a  gas 
jet,  where  the  air  is  scanty,  there  is  a  deposition  of  solid  charcoal,  which  first  by  its  igni- 
tion, and  afterwards  by  its  combustion,  increases  in  a  high  degree  the  intensity  of  the 
light.  If  we  hold  a  piece  of  fine  wire  gauze  over  a  jet  of  coal  gas  close  to  the  orifice, 
and  if  we  then  kindle  the  gas,  it  will  burn  above  the  wire  with  its  natural  brilliancy ; 
but  if  we  elevate  the  sauze  progressively  higher,  so  as  to  mix  more  and  more  air  with  it 
before  it  reaches  the  burning  point,  it<%  flame  will  become  fainter  and  less  white.  At  a 
certain  distance  it  becomes  blue,  like  that  of  the  above  explosive  mixture.  Since  the 
combustion  of  all  the  constituents  is  in  this  case  direct  and  complete,  the  heat  becomes 
greatest  in  proportion  nearly  as  the  light  is  diminished.  If  a  few  platina  wires  be  held 
in  that  dim  flame  Ihcy  will  grow  instantly  white  hot,  and  illuminate  the  apartment.  On 
reversing  the  order  of  this  experiment,  by  lowerin;*  progressively  a  flat  piece  of  wire 
gauze  from  the  summit  towards  the  base  of  a  gas  flame,  we  shall  find  no  charcoal  depos- 
ited at  its  top,  because  plenty  of  air  has  been  introduced  there  to  convert  all  the  carbon 
of  the  gas  into  carbonic  acid,  and  therefore  the  apex  is  blue ;  but  as  we  descend,  more 
and  more  charcoal  will  appear  upon  the  meshes.   At  the  very  bottom,  indeed,  where  the 
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atmospheric  air  impinges  upon  the  gaoze,  the  flame  is  again  Mue,  and  no  eharooal  caa 

therefore  be  deposited. 

The  fact  of  the  increase  of  the  brilliancy  and  whiteness  of  flame  by  the  devdopiDeit 
and  ignition  of  solid  matter  in  its  bosom  illustrates  many  curious  phenomeaa.  We  caa 
thus  explain  why  olefiant  gas  aflbrds  the  most  vivid  illumination  of  all  the  gases ;  becaoMy 
being  surcharged  with  charcoal,  its  hydrogen  lets  it  go  in  the  middle  of  ike  flame,  as  it 
does  in  an  ignited  porcelain  tube,  whereby  its  solid  particles  first  get  ignited  to  white* 
ness,  and  then  burn  away.  When  phosphorus  is  inflamed  it  always  yields  a  pore  wliite 
light,  from  the  ignition  of  the  solid  panicles  of  the  snowy  acid  thn&  prodoced. 

In  the  blowpipe  the  inner  blue  flame  has  the  greatest  heat,  because  there  the  eonbai- 
tion  of  the  whole  fatty  vapor  is  complete.  The  feeble  light  of  burning  hydrogen,  car- 
bonic oxyde,  and  sulphur,  may,  ui>on  the  principles  now  expounded,  be  incrnsed  by 
simply  placins  in  theiu  a  few  particles  of  oxyde  of  zinc,  slender  filamants  of  amlanlhni,  or 
fine  platina  wire.  Upwards  of  twenty  years  ago  I  demonstrated,  in  my  public  lectures 
in  Glasgow,  that  by  narrowing  the  top  of  a  long  glass  chimney  over  an  argaad  flame 
either  from  oil  or  coal  eas,  the  licht  could  be  doubled  at  the  same  cost  of  material.  The 
very  tall  chimneyst  used  by  the  Parisian  lampists  are  very  wasteful.  I  find  that  with  a 
narrow  chimney  of  half  the  length  of  theirs,  I  can  have  as  good  a  light,  and  save  30  per 
cent,  of  the  oil.  Thus  the  light  of  a  flame  may  be  increased  by  diminishing  its  heat,  or 
the  intrnsity  of  its  combustion ;  and  conversely  the  heat  of  a  flame  may  be  increased  by 
diminishing  its  light. 

FLANNEL ;  a  plain  woollen  stuff,  of  a  rather  open  and  slight  fabric. 

FLAX.  By  this  term  we  understand  the  bast  or  inner  bark  of  the  Linum  usitatih^ 
simum,  which  is  spun  into  yarn  for  weaving  linen  webs.  This  plant  blossoms  in  June  or 
July,  and  commonly  ripens  its  seed  in  September.  As  varieties,  we  distinguish  thetprtag 
flax,  with  shurt  knotty  stems,  whose  seed  capsules,  at  the  period  of  maturity,  spring  opea 
with  a  perceptible  sound ;  and  the  close  flax,  with  longer  smoother  stems,  whose  capsules 
give  out  their  seeds  only  when  thrashed.  The  Germans,  who  have  bestowed  much  atten- 
tion upon  the  culture  of  flax,  call  the  former  Klanglein  or  SpringUiny  and  the  latter 
Dn^chlnn,  This  is  the  kind  most  commonly  grown,  but  from  the  difleience  of  climate, 
soil,  and  culture,  it  affords  flax  of  very  different  qualities.  The  best  ground  for  thii 
plant  is  an  open,  somewhat  fiiable  clay,,  mingled  with  sand  and  mould.  The 'early  fha 
is  usually  sown  in  the  end  of  April  or  bei^inning  of  May,  the  late,  in  June.  The  seeds 
ought  to  be  sown  thick,  whereby  the  stalks  are  forced  to  grow  more  slender,  and  the 
fibres  of  the  bast  or  liarl  are  not  only  smoother  and  flner,  but  more  uniform  in  length. 
If  the  rai>ins:  of  seed  be  the  principal  objixl,  the  flax  must  be  more  thinly  sown,  whereby 
it  will  produce  stu>nger  slulks,  but  more  knotty,  with  shorter  fibres,  and  more  productive 
of  tow. 

Whenever  the  llax  is  ripe,  which  is  sli(»wn  by  the  bottom  of  the  stalk  becoming  yellow 
and  the  leaves  beginning  to  diop  oil',  it  must  be  immediately  reaped  by  pulling  it  up  by 
the  roots.  The  seeds  are  still  immature,  fit  merely  for  the  oil  press,  and  not  for  sowing 
When  the  seed  crop  is  tlie  ohject,  the  plant  must  be  sufl'crcd  to  acquire  its  full  maturity; 
in  which  case  the  fibres  are  less  fine  nnd  soil. 

The  flax  is  carried  off  the  field  in  bumlles  to  be  rippled,  or  stripped  of  its  seeds,  which 
is  done  by  drawing  it  by  handfuls  through  an  iron  comb  with  teeth  eight  inches  long, 
fixed  uprisiii  in  a  horizontal  beam.  When  the  seeds  are  more  fully  ripened,  they  may  be 
se))arnted  by  the  thrashing  mill. 

The  operations  next  performed  upon  the  flax  will  be  understood  by  attending  to  the  strue^ 
ture  cf  the  stem.  In  it  two  principal  parts  are  to  be  distinguished ;  the  woody  heart  or 
•boon,  and  the  A(/W  (covered  outwardly  with  a  fine  cuticle),  which  encloses  the  former 
like  a  tube,  consistini;  of  parallel  lines.  In  the  natural  state,  the  fibres  of  the  harl  are 
attached  firmly,  not  only  to  the  boon,  but  to  each  other,  by  means  of  a  green  or  yellowish 
substance.  The  rough  stems  of  the  llax,  af\er  being  stripped  of  their  seeds,  lose  in  mois- 
ture, by  drying  in  warm  air,  from  55  to  <)5  i)er  cent,  of  their  weight;  but  somewhat  less 
when  they  are  quite  ripe  and  woody.  In  this  dry  slate  they  consist  in  100  parts  of  from 
20  to  23  per  cent,  of  harl,  and  from  80  to  77  per  cent,  of  boon.  The  latter  is  composed 
upon  the  average  of  69  per  cent,  of  a  peculiar  woody  substance,  J2  per  cent,  of  a  matter 
^luhle  in  water,  and  19  per  cent,  of  a  body  not  soluble  in  water,  but  in  alkaline  leys. 
The  harl  contains  at  a  mean  58  per  cent,  of  pure  flaxen  fibres,  25  parts  soluble  in  water 
(apparently  extractive  and  albumen),  and  J7  parts  insoluble  in  water,  being  chiefly 
gluten.  By  treating  the  harl  with  either  cold  or  hot  water,  the  latter  substance  is  dyed 
brown  by  the  solable  matter,  while  the  fibres  retain  their  coherence  to  one  another. 
Alkaline  leys,  and  also,  though  less  readily,  soap  water,  dissolve  the  gluten,  which  seems 
to  be  the  cement  of  the  textile  fibres,  and  thus  set  them  free. 

The  cohesion  of  the  fibres  in  the  rouch  hnrl  is  so  considerable  that  by  mechanical 
means,  as  by  beating,  rubbing,  &c.,  a  complete  separation  of  them  cannot  be  eflected, 
unless  with  great  loss  of  time  and  rupture  of  the  filaments.     This  circumstance 
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ibowi  the  necessity  of  having  recourse  to  some  chemical  method  of  decomposing  the 
glaten.  The  process  employ^  with  this  view  is  a  species  of  fermentation,  to  wliich  the 
Aai  Malks  are  exposed;  it  is  called  rettingy  a  corruption  of  rottins:,  since  a  certain  degree 
of  piitrefactioii  takes  place.  The  German  term  is  rH$ling,  Th'ta  is  the  first  important 
step  in  the  preparation  of  flax.  AAer  the  retting  is  completed,  the  boon  of  the  stalks 
mast  be  removed  by  the  second  operation  called  breaking,  and  other  subordinate  process- 
es. The  harl  freed  from  the  woody  parts  contains  still  a  multitude  of  fibres,  more  or  lest 
coherent,  or  entangled,  and  of  variable  lencths,  so  as  to  be  ill  adapted  for  spinning.  These 
we  removed  by  the  fuckle,  which  separates  the  connected  fibres  into  their  finest  filaments, 
removes  those  that  are  too  short,  and  disentangles  the  longer  ones. 

I.  Of  nrting. — ^The  fermentation  of  this  process  may  be  either  rendered  rapiil  by  steep- 
ing the  flax  in  water,  or  slow  by  using  merely  the  ordinary  influence  of  the  atmospheric 
dsmp,  dews,  and  rain.  Hence  the  distinction  of  water-retting  and  dew-retting.  Both 
mny  also  be  combined. 

Prior  to  being  retted,  the  flax  should  be  sorted  according  to  the  length  and  thickness  of 
its  stalks,  and  its  state  of  maturity  :  the  riper  the  plant,  the  longer  must  the  retting  last. 
The  due  length  of  the  process  is  a  point  too  little  studied. 

Wafer-rttting,— When  flax  stalks  are  macerated  in  water,  at  a  temperature  not  too 
low,  fermentation  soon  begin!^,  evinced  in  the  dingy  infusion,  by  disengagement  of 
cu^nic  acid  sras,  and  the  production  of  vinegar.  If  the  flax  be  taken  out  at  the  end  of 
a  few  days,  dried,  and  rubbed,  the  textile  filaments  are  found  to  be  easily  separable  from 
etch  other.  By  longer  continuance  of  the  steep,  the  water  ceases  to  be  acid,  it  becomes 
to  a  certain  degree  alkaline,  from  the  production  of  ammonia,  dilFuses  a  fetid  odor,  from 
the  di»enieagement  of  sulphureted  hydrogen  gas,  alon?  with  the  carlNtnic  acid ;  the  acetous 
Icnnenlation  beini;  in  fact  now  chans;e<i  into  the  putrid.  The  fihunonts  become  yellowish 
brown,  afterwards  dark  brown,  and  lose  much  of  their  tenacity,  if  the  process  be  carried 
further. 

When  the  operation  is  conducted  with  discernment,  the  water-retting  may  be  completed 
Vy  the  acetous  fermentation  alone,  as  the  putrefaction  should  never  be  suH'ere<I  to  proceed 
to  any  leni^th;  because  wh(*n  over-retted,  flax  is  partially  rotten,  gets  a  bad  color,  and 
yields  a  larice  proportion  of  tow. 

For  water-retting,  the  flax  must  be  bound  up  in  sheaves,  placed  in  layers  over  each 
other  in  the  water,  or  Wfmetimes  uprii?ht,  with  the  roots  undermost.  Straw  may  be  put 
below  to  keep  it  from  touching  the  ground,  and  boards  may  be  laid  upon  the  top,  with 
w«|;hLs  to  hold  it  immer<i-ed  about  a  foot  beneath  the  surface,  esppcinlly  when  the  fer- 
Btniitive  gases  make  it  buoyant.  As  soon  as  it  sinks  at  the  end  of  the  fprmentntion,  it 
BQst  be  inspccteil  at  least  twice  a  day,  and  samples  must  be  taken  out  to  see  that  no 
OT^r^retting  ensues.  A  simple  day  loo  long  often  injures  the  flax  not  a  little.  We  may 
judge  that  the  retting  is  sufficient  when  the  liarl  separates  easily  from  the  boon  by  the 
filers,  when  the  boon  breaks  across  without  bendinir,  and  when  several  stalks  knotted 
tostetber  sink  to  the  bottom  uprm  being  thrown  into  the  water.  For  this  com|>Ielion,  a 
i^er  or  longer  time  is  required  accordins;  to  the  quality  of  the  flax,  the  temperature, 
fce.,  m  that  the  term  may  vary  from  five  to  fourteen  days.  It  may  be  done  either  in  run- 
liainrin  stagnant  water.  For  the  latter  puriMfse,  tanks  five  feet  deep  are  dui;  in  the 
gnniad.  In  stagnant  water,  the  process  is  sooner  finished,  but  it  is  inure  hazardous,  and 
nt»  «  deeper  nl^in  to  the  fibres,  than  in  a  stream,  which  carries  off  much  of  the  color. 
Tbe  best  place  fur  steepini;  flax  is  a  pond  with  springs  of  water  at  its  bottom ;  or  a  tank 
■to  which  a  rivulet  of  water  can  be  occasionally  admitted,  while  the  foul  water  is  let  off. 
Tor  every  fresh  quantity  of  flax,  the  p<md  should  be  emptied,  and  supplied  with  clear 
vster.  Water  imprcKnaled  with  iron,  stains  flax  a  |>ermancnt  color,  and  should  therefore 
Mrer  be  used.  After  reltint^,  the  flax  should  be  taken  out  without  delay,  rinsed  in  clean 
Viter,  and  exposi>d  in  an  airy  situation  to  dry  by  the  sun. 

Roazh  rippled  flax  stalks,  well  seasoned  before  beinv  retted,  and  drie*d  aner\vanIs,show 
>  lost  of  weight,  amounting  to  20  or  30  per  cent.,  aflecting  both  the  lxN>n  (tii>l  the  harl. 
TbishHsis  greater  the  finer  the  stems,  and  the  hinder  the  rctliii*;.  The  harl  contains, 
beiide  the  textile  filaments,  a  certain  portion  of  a  glutinous  cement;  but  nothing:  soluble 
■  viter.  The  destructitm  of  the  gluten  cannot  be  pushed  to  the  last  jMiint  by  streping, 
vithoat  doin%  an  essential  injury  to  the  filaments. 

i^-re/a'ng. — The  fetid  and  noxious  exhalations  which  the  water-retlini;  diffuses 
an  extensive  district  of  counto'>  and  the  danser  of  over-rcttme  in  that  way, 
•peeiilly  with  stagnant  water,  are  far  from  recommending  that  process  to  ueneral 
•^option.  Dew-retting  accomplishes  the  same  purpose,  b>-  the  nsrency  of  the  air,  dews, 
*^  raio,  in  a  much  more  convenient,  thoui^h  far  slower  manner.  The  flax,  with  this 
should  be  spread  out  thin  upon  meadow  or  grass  lands,  but  never  u|Min  the  bare 
Vh»and,  and  turned  over,  from  time  to  time,  till  the  stems,  on  being  rubbed  between 
Ssgers,  show  that  the  harl  and  the  boon  are  ready  to  |mrt.  The  duration  of  dew- 
**ttiag  ii,  of  course,  very  various,  from  2  to  6,  or  8  weeks,  as  it  depends  upon  the  stale 


FLAX 
t  dr  beiBf  fiiTonbli^  aid  diy  i 


wdshtbrdew-icttiiif  feMBewlHaka  thtibj  vaicMllfaif  | 
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Jfind  ffl/iiig.— This  my  be  Ibirly  rcguded  m  tbe  pccferaUt 
began  u  tbe  wmter,  ud  ftnnbcd  in  tbe  air.  The  flu  eboald  be 
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Ar  S  or  3  weeks,  oa  tbe  groM* 
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by  tbe  eiceution  of  tbie  proeeee  it  readered  ca^,tba  flax  ehoabl  be  voO 
or  wbat  is  Bwre  Mitable  to  tbe  late  periDdeftha  ycaryh  a  iiova. 
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apt  to  nrn  into  low.  Before  sobjeeliag  the  flax  to  the  brake,  tba  ttoM 
iMd  and  laid  parallel  by  tbe  band,  and  the  cataaiM  partioaa  shoMU  he 
o  eoarse  beekle.  Tbe  brake  has  oae  gesecal  eoartraetioa,  aad  eoaalMa  of 
parts,  tbe  fVame  or  case,  and  the  sword  or  beater.  Ia  tba  rimpleBt  hrahai^ 
A.  4 12,  is  a  piece  of  wood  deft  leagtbwisa  la  the  middle,  sqppoitad  by  lh«  1^  «  aM  c 
Tkt  sword  /,  also  of  hard  wood,  is  formed  with  aa  cdae  beaeatb»  wid  tma  wamt  m 
oealreof  motioa  at  f ,  when  seoed  by  tbe  baadle  A,  aad  moved  19  wid  dom.  Asftds- 
aeeads^  tbe  swoid  enters  tbe  deft  of  tbe  franie,  aad  breaka  tha  flat  alfdha  laid  tnaivw 
•poo  it,  Bcatteriag  tbe  booa  ia  ftagmealB. 


But  those  hand  brakes  are  more  convenient  which  are  provided  with  a  doable  deft, 
or  triple  row  of  oblong  teeth,  with  a  double  sword.  This  construction  will  be  QDdc^ 
stood  by  inspecting  Jigs.  412,  413,  414.  Fig.  412  is  the  section  of  that  side  at  which 
the  operative  sits;  fig.  413  is  a  section  in  the  line  A,  b,  of  fig,  412;  and  fig,  414  tk 
ground  plan.  The  whole  machine  is  made  of  hard  wood,  commonly  red  beeeb.  Twopltib 
a  and  r,  form  the  legs  of  the  implement,  a  is  mortised  in  a  heavy  block,  to  give  tk 
brake  a  solid  bearing;  two  stretchers  d,  bind  o  and  c,  firmly  together.  Tbe  fiaae 
<  consists  of  three  thin  boards,  which  are  placed  edgewise,  and  have  their  ends  seenred  ■ 
a  and  c.  The  sword  /  is  a  piece  of  wood,  so  chamfered  from  i  to  h,  that  it  appean 
forklike,  and  embraces  the  middle  piece  of  the  frame ;  its  centre  of  motion  is  the  woodes 
pin  q ;  in  front  is  the  handle  h,  which  the  operative  seises  with  tbe  right  hand.  BtA 
the  lathes  of  the  frame  and  those  of  the  sword  are  sharpened,  from  I  to  tbe  front  end,  ai 
is  best  shown  in  fig.  413  ;  but  the  edges  must  not  be  too  sharp,  for  fear  of  iajuriog  the 
flax ;  and,  for  the  same  reason,  the  sword  should  not  sink  too  far  between  tbe  lathes  of 
the  frame.  Such  hand-brakes  are  laborious  in  use,  and  often  tear  tbebaii  into  tow.  Tke 
operative,  usually  a  female,  in  working  the  brake,  seizes  with  her  left  band  a  bundle  of 
flax,  lays  it  transversely  across  the  frame,  and  strikes  it  smartly  with  repeated  blows  of 
the  sword,  poshing  forwards  continually  new  portions  of  the  flax  into  tbe  mmebioe.  Sbe  b^ 
gins  with  the  roots,  turns  next  round  the  tips,  then  goes  on  tbrom^  the  length  of  the  slato. 
Flax  is  frequently  exposed  twice  to  the  brake,  with  a  stove  drying  between  tbe  two  ap- 
plications. 

The  brake  machines  afibrd  a  far  preferable  means  of  deaaiag  flax  tbaa  the  aboic 
band  tools.  The  essential  part  of  such  a  machine,  consists  ia  several  deeply  fated  isl- 
ers  of  wood  or  iron,  whose  teeth  work  into  each  other,  and  wbUe  they  strrtch  oat  the 
flaxen  sUlks  betwixt  them,  they  break  the  wood  or  boon,  without  doiag  that  violatt 
to  tbe  barl  which  band  mechanisms  are  apt  to  do.  Tba  foUowiag  amj  ha  nfatdsisi 
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ODe  of  the  best  constractions  hitherto  contrived  for  breaking  flax.  Fig.  415  is  a  Tiew 
of  the  right  side  of  this  machine.    Fig.  416  the  view  from  behind,  where  the  broken 

415 


flax  iasaes  from  between  the  rollers.  The  frame  is  formed  by  the  two  side  pillars  or 
walls  a,  a,  which  are  mortised  into  the  bottom  b,  b;  and  arc  firmly  fixed  to  it  by 
braces.  Two  transverse  rods  </,  dy  secure  the  base,  two  others  d' d",  the  sides.  In 
each  of  these  a  lateral  arm  e,  is  mortised  in  an  oblique  direction  ;  a  cross  bar  /, 

unites  both  arms.  Fig.  417  shows  the 
inside  of  the  left  side  of  the  frame, 
with  the  subsidiary  parts.  The  three 
rollers  g,  i,  k,  may  be  made  of  red 
beech,  with  iron  gudgeons,  and  fluted 
in  their  length,  each  of  the  flutes  being 
^^ths  of  an  inch  broad,  and  deep. 
The  larce  roller  g,  bears  upon  the 
right  side,  a  handle  A,  which  on  being 
turned,  sets  the  whole  train  in  motion. 
The  side  partitions  a,  a,  are  furnished 
with  brasses  in  whose  round  holes  /,  g, 
fig.  417,  the  gudgeons  g  work.  For 
the  extremities  of  the  two  smaller 
rollers,  there  are  at  't  and  e,  slots  in 
brasses,  as  may  be  seen  in  fig.  415. 
Within  the  partition  a,  there  are  move- 
able brasses  /,  for  the  pivots  of  t  and 
JIf,  shown  in  fig.  417.  Each  brass  slide* 
in  a  groove,  between  two  ledges.  A 
strong  cord  made  fast  at  m  to  the  par- 
tition a,  runs  over  the  brass  of  t,  next 
over  that  of  fc,  then  descends  perpen- 
dicularly, and  passes  over  the  cross  bar 
n,  fig$.  415  and  416.  This  construction 
being  repeated  at  both  ends  of  the 
rollers,  the  rod  n,  binds  both  cords. 
Against  the  cross  bar  d'  of  the  frame,  a  lever  o  is  sustained,  which  lies  upon  the  rod 
and  carries  a  weight  p.  The  farther  or  nearer  this  weight  hangs  towards  the  end  of 
the  lever,  it  stretches  the*  cord  more  or  less,  and  presses  by  means  of  the  brasses  Ij  the 
roUers  i,  k,  towards  the  main  roller  g.  A  table  q,  serves  for  spreading  out  the  flax  to 
be  broken,  and  a  second  one  r,  for  the  reception  of  the  stalks  at  their  issuing  from 
between  the  rollers.  Both  tables  hang  by  means  of  iron  hooks  to  rings  of  the  frame  *, 
I,  f^gM.  415  and  417,  and  are  supported  by  the  moveable  legs  a, «,  «,  figs.  415  and  416. 
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In  using  the  machine  the  operative  lays  an  evenly  spread  handfal  of  flax  upon  the  tablet 
q,  inirodoces  their  root  ends  with  his  left  hand  between  the  rollers  g  mod  i,  and  tim 
round  the  handle  /<,  with  the  richt.  The  stems  are  first  broken  betwixt  g  and  t,  tbca 
between  g  and  Ar,  and  come  out  upon  the  table  r.  The  handle  is  mov^  aUerutdj 
forwards  and  backwards,  in  order  that  the  flax  may  be  rolled  alternately  in  the  suae 
directions,  and  be  luorv  perfectly  broken.  The  boon  falb  down  in  very  small  pieces,  tad 
the  harl  remains  expanded  in  parallel  bands.  This  should  be  drawn  over  the  points  d 
a  heckle,  then  laid  for  a  couple  of  days  in  a  cellar  to  absorb  some  moistnrey  and  afla- 
wanJs  worked  once  more  through  the  machine,  whereby  the  flax  aequires  a  pecoliv 
soAne.<is. 

The  advantages  of  this  brake  machine  are  chiefly  the  following  -. — 
It  takes  up  little  room,  and  from  its  simplicity  is  easily  and  cheaply  constracted ;  it  re- 
quires no  more  |)owcr  to  wurk,  than  the  ordinary  hand-brake ;  it  tears  none  of  the  fila* 
meats,  and  erinils  nothing  except  the  boon,  in  consequence  of  the  flutings  of  the  roDen 
going  much  less  deep  into  each  other,  than  the  sword  of  the  hand-brake ;  it  prevents  sH 
entanglements  of  the  flax,  whence  in  the  subsequent  heckling  the  quantity  of  short  fibres 
or  tow  is  diminished  ;  and  it  accomplishes  the  cleaning  of  even  the  shortest  flax,  whkk 
cannot  be  well  done  by  hand  machines. 

The  comminution  of  the  buun  of  the  stems,  which  is  the  object  of  the  breakiat 
process,  can  however  be  performed  by  thrashing  or  beating,  although  in  this  way  tkc 
separation  of  the  woody  matter  from  the  textile  fibres  is  much  less  completely  cfliectcd. 

It  is  the  practice  in  Great  Britain,  instead  of 
breakinu,  to  employ  a  water-driven  woodfi 
mallet,  between  which  and  a  smooth  stone  the 
flax  is  laid.  In  that  part  of  Belgium  where 
the  preparation  of  flax  has  been  studied,  the 
brake  is  not  used,  but  beating  by  means  df  the 
Butt-hammer,  to  the  great  improvement,  it  is 
said,  of  the  flax.  The  Bott-hammery  Jig.  418,  i* 
a  wooden  block,  having  on  its  under  face  chan- 
nels or  flutings,  5  or  6  lines  deep,  and  it  is  fixed 
to  a  long  bent  helve  or  handle.  In  using  it,  a 
bundle  of  the  dried  flax  stalks  is  spread  cvenlT 
U|K>n  the  floor,  then  powerfully  beaten  with  the 
hammer,  first  at  the  roots,  next  at  the  \H\in'^ 
and  lastly  in  the  middle.  When  the  upper  sur- 
face has  been  well  beat  in  this  way,  it  is  lurneJ 
over,  that  the  under  surface  may  get  its  tuin. 
The  flax  is  then  removed,  and  well  shaken  io 
fiee  it  from  the  boon. 

By  the  brake  or  the  hnmmer  the  whole  woo<i  is  never  separated  fn»m  the  texiiie 
fibres,  hut  a  certain  qunnlily  of  chaffy  stulf  adheres  to  them,  which  is  removed  by  auotber 
operation.  This  con«:ists  either  in  rubbing  or  shnkin?.  I'he  rubbing  is  much  piucti>ed 
in  Westphalia,  and  the  neighboring  di>tiicts.  In  this  process,  the  operative  lays  ibe 
rubbins  apron  on  a  piece  of  dressed  leather,  one  foot  square,  upon  her  knee ;  then  seiics 
a  bundle  of  flax  in  the  middle  with  her  left  haml,  and  scrapes  it  strongly  with  the  RiUn- 
knife  hehl  in  her  ritjht,  fig.  419.  This  tool,  which  consists  of  a  wooden  handle  and  i 
thin  iron  blade  with  a  blunt  and  somewhat  bent  (nii^e,  acts  admirably  in  cleaning  ami 
also  in  parlinj?  the  filaments,  without  causing  needless  waste  in  flax  previously  wtU 
broken. 

The  winnowinir,  which  has  the  very  same  object  as  the  rubbing,  is,  however,  much 
more  generally  adopted  ilmn  the  latter.  Two  distinct  pieces  of  apparatus  belong  to  it, 
namely,  the  ftiring-^stock  and  the  sicing-knife.  The  first  consists  of  an  upright  board  with 
a  groove  in  its  >i(Ie,  into  which  a  handful  of  tlax  is  so  placed  that  it  hangs  down  over 
half  the  surface  of  the  board.  While  the  left  hand  holds  the  flax  fast  above,  the  right 
carries  the  swin^-knife,  a  sabre-shaped  i)iece  of  wood  from  1^  to  2  feet  long,  planed  to 
an  edge  on  the  c(mvex  side,  and  provided  with  a  handle.  With  this  knife  the  flax  is 
struck  parallel  to  the  boaid,  with  perpendicular  blows,  so  as  to  scrape  oft'  its  woody  asperi- 
ties. The  breadth  of  the  swing-knife  is  an  important  circumstance;  when  too  narrow  it 
easily  causes  the  flax  to  twist  round  it,  and  thereby  tears  away  a  portion  of  the  fibres. 
When  8  or  10  inches  broad,  it  is  found  to  act  best.  Knives  made  of  iron  will  not  answer, 
for  they  injure  the  filaments. 

Fign.  420,  421  show  the  best  construction  of  the  swing-slock.  The  board  a  has 
for  its  base  a  heavy  block  of  wood  6,  upon  which  two  upright  pins  e  c,  are  fixed.  The 
band  /,  which  is  stretched  between  the  pins,  serves  to  guide  the  swing-knife  in  its 
movements,  and  prevent  the  operative  from  wounding  his  feet.  The  nndcr  edge  of  the 
gnoove  c,  upon  which  the  flax  comes  to  be  laid,  is  cut  obliquely  and  rounded  off  (see  d 
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422  exhibits  the  form  of 
421 

422 

k 


^Jlg'  420) ;  thus  we  perceive  that  thL'  swing-knife  can  never  strike  against  that  edge,  00 
«f  to  injure  the  fl^x. 

a  ver}  convenient  implement  which  is  employed  ia 
Belgium  instead  of  the  swing-knife.  It  is  a  Rort  of 
wooden  hatchet,  which  is  not  above  two  Knes  thick, 
and  at  the  edge  g  A  is  reduced  to  the  thickness  of  the 
back  of  a  knife.  The  fly  k  gives  force  to  the  blow, 
and  preserves  the  tool  in  an  upright  position.  The 
short  flat-pressed  helve  t  is  glued  to  that  side  of  the 
leaf  which  in  working  is  turned  from  the  swing-stock ; 
and  is,  moreover,  fastened  with  a  wooden  pin. 

The  rubbing  and  swinging  throw  otf  the  coarsest 
sort  of  tow,  by  separating  and  shaking  out  the  shortest 
fibres  and  those  that  happen  to  get  torn.  That  tow  u) 
used  for  the  inferior  qualities  of  sacking,  being  mixed 
with  many  woody  fibres. 

We  may  in  general  estimate  that  100  poftnds  of 
the  stalkB  of  retted  flax,  taken  in  the  dry  state,  aflbrd 
from  45  to  48  pounds  of  broken  flax,  of  which,  in  the 
tFioeing  or  scutching,  about  24  pounds  of  flax,  with  9  or  10  pounds  of  scutch  tow  are 
dhUlaed.  The  rest  is  boon-waste.  The  breaking  of  100  pounds  of  stalks  requires,  in  the 
onlinary  routine  of  a  double  process  by  hand,  about  20  hours ;  and  with  the  above  de- 
iCribed  machine,  from  17  to  18  hours.  To  scutch  100  pounds  of  broken  flax  clean,  130 
hoars  of  labor  are  required  by  ihe  German  swinging  method. 

Mr.  Bundy  obtained  a  patent  in  1819,  for  certain  machinery  for  breaking  and  pre- 
mrlng  flax,  which  merits  description  here.   Fig.  423,  a  a  a  a,  is  the  frame,  made  either  of 


wo^  or  metal,  which  supports  the  two  conical  rollers  B  and  c.  These  revolve  independ- 
ently of  each  other  in  proper  brass  bearings.  A  third  conical  roller  d  is  similarly 
mpported  under  the  top  piece  k  of  the  machine.  All  these  rollers  are  frusta  of  cones, 
maoe  of  cast  iron.  Whatever  form  of  tooth  be  adopted,  they  must  be  so  shaped  and 
djipofted  with  regard  to  each  other  as  to  have  considerable  play  between  them,  in  order 
to  admit  the  quantity  of  flax  stem  which  is  intended  to  be  broken  and  prepared.  The 
vSIMer  piece  e  of  the  machine  which  carries  the  upper  conical  roller  d,  is  fixed  or  at- 
fached  to  the  main  frame  a  a  a  a  by  strong  hinges  or  any  other  moveable  joint  at  6,  and 
ro&  of  iron  or  other  sufliciently  strong  material  j  h  H  is  attached  at  its  upper  end  by  a 
joiat  to  the  top  piece  e,  through  a  hole  near  i,  and  is  fixed  at  its  lower  end  by  another 
jAit  K  to  the  treadle  or  lever  k  l,  which  turns  upon  the  joint  or  hinges  m.  A  spring  or 
««ij|ht  (but  the  former  is  preferable  for  many  reasons)  is  applied  to  the  machine  in  such 
■inofr,  that  its  action  will  always  keep  the  upper  piece  e,  and  consequently  the  upper 
rafler  d,  in  an  elevated  or  raised  position  above  the  rollers  b  and  c,  when  the  machine  is 
KMk.ln  action ;  and  of  course  the  end  l  of  the  treadle  will  also  be  raised,  which  admits  of 
tfe'flax  to  be  worked  being  introduced  between  the  rollers,  viz.,  over  the  two  lower 
mqefs  c,  and  under  the  upper  roller  d  ;  such  a  spring  may  be  applied  in  a  variety  of 
viiys,  as  bietween  the  top  piece  x,  and  the  top  or  platform  of  the  machine  at  n  ;  or  it 
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may  be  a  strong  spiral  wire  ^prini;,  having  its  upper  end  faclened  to  the  plaifonn  vUi 
its  lower  extremity  is  iixi-d  to  Itir  rod  ii  ii,  round  wliich  it  coils  as  shown  at  o,  or  it  vf 
be  pinced  iintirr  the  end  i.  of  the  irendle ;  but  in  every  case  its  strength  must  be h 
more  thnn  will  hi*  just  siitficit  nt  to  rQi>e  tlie  up|ter  ndler  d  about  tvo  inc^ies  frooiAe 
lower  rollers,  ollKTwi>e  il  will  occasion  unnecetvary  fatisue  to  the  pctrson  working  Uc 
machiDe. 

The  manner  of  usins!  it  is  ns  follows:  the  upper  and  lower  rollers  b«in^  sepanlcda 
afor»;«aid,  a  t^mall  hnndfiil  of  dried  flax  or  hemp  Stems  is  to  be  introduced  between  ihtm, 
and  held  extended  by  the  two  hands,  while  the  ndlers  are  brought  loseiher  by  thepi». 
Mire  of  thr  liM>t  ii|Mjn  the  trundle  i..  This  pressure  bein^  continued,  the  flax  or  Lrapii 
to  be  drnwn  hficKwnnl.s  and  forwards  hy  the  hands  lietween  the  rollers,  in  a  dircctioiil 
riL'ht  anulf's  to  tlw  ir  axes,  and  rvpntually  withdrawn  by  pulling  with  one  hand  naif. 
The  foot  is  now  to  be  n  moved  until  the  flnx  or  hemp  is  acain  replaced,  and  each  esdii 
this  way  to  he  di.iwii  several  times  throui;h  the  machine,  until  such  ends  are  respectinlj 
finishes!. 

By  a  ^lu•r^•^!^io^  of  these  operations,  nsinjr  the  pressure  of  the  foot  upon  i,  each  tine 
that  the  flax  or  hemp  introduced  Ix'tween  the  rollers,  and  reguJatinf;  »uch  pressure  K- 
conlini;  to  the  progress  of  the  work,  (he  flax  or  hemp  will  soon  l>e  sufficiently  worksd, 
and  the  iibre  hroiit;hi  into  a  clean  and  divided  stale  flt  for  bleaching ;  or  if  it  br 
quired  to  spin  it  in  the  \el]ow  state,  it  may  be  made  sufficiently  fine  by  a  longer  eoa- 
tinuation  of  the  same  piocess,  particularly  if  worked  between  the  smaller  ends  of  the 
rollers. 

Indeed,  the  oi>eintion  may  be  commenceil  and  continued  for  some  time,  with  the 
Inrcer  part  of  the  roller^  and  tini^^hi'd  with  their  smaller  ends;  and,  in  this  poiatfif 
view,  tlie  invention  of  conicnl  rollers  will  he  fuunti  both  convenient  and  useful;  ior« 
the  flute>,  L'pMives,  or  teeth,  var\  in  their  distance  from  each  other  at  all  points  betwci 
the  larire  nnd  Mi:nll  ends,  so  it  become<  almost  imiHis^^ible  for  the  workman  to  draw  Ibe 
flax  or  h(  mp  throuuh  such  rollers  in  the  same  trnck  ;  and  thus  the  breaking  of  the  boot 
must  bf*  miieh  more  irieculnr,  and  the  fibie  will  lie  much  more  etfectaally  cleansed  l^u 
it  c:in  be  by  the  flutet,  crtMives,  vr  leeih  of  cylinders,  or  other  such  contrivances  formerty 
enip]<»yeil ;  because  iliey  wtmhl  probably  fall  frw[uently  upon  the  same  points  of  the 
fibrt  s.  If  it  is  intended  that  the  flax  shall  be  blcache<l  before  it  is  spun,  then  the  tecoad 
part  of  iMr.  Hiindy's  inveniltm  may  be  had  recourse  to,  which  consists  in  movine  certiis 
travN  or  eniclles  in  the  wnter,  <ir  other  fluid  used  for  bleaching  the  flax  or  hemp,  in  the 
mariru  r  ti  llowinL',  viz.  :  The  liax  or  hemp,  after  hitvini:  been  broken  and  worked  in  ibt 
machin»',  -hoMlij  I  »■  divifleil  irno  >n.al.  qnnntili«'**  <'f  hImmU  one  ounce  each,  and  these  fhouU 
hr  liril  li>(.vi  |\  in  the  n  itiille  wilh  ii  ^tiiui;.  and  in  this  ^tale  Inid  in  thetrays  or  eradlfs.aoii 
liieii  v,,;ikf.,l  in  n-M  ^iiti  wal' r  I'or  a  day  or  two,  wlien  each  paicel  slu-iihl  U*  Wi-rlri 
>ej>:iia!i  !},  wi.ili'  w«t,  thnMiyii  i  i;iai'liirie,  precisely  siuiilur  to  that  already  de<cribi-iJ.  ex* 
cej't  ciil}  that  111*' Iollel^  .shciiid  be  (•> lindiieal.  nml  made  enliioly  of  Wood  wilh  LUfltl 
axles,  aii.l  the  iM  th,  wUWU  will  be  paiallel,  sboubl  be  similar  in  form  to  those  shuwn  is 
section  ut  i<,  y/C  1 Such  upeiatitin  will  b>os(ii  the  ijluten  and  coloiinq  ii.atttr,  fu; 
the  rinsing  aiid  wrintiiiis  whieh  n.usl  follow.  The  llax  must  then  be  acain  dis|».»sed  in 
a  flat  and  sjiuMith  manner,  iti  such  trays  or  cradles,  and  once  more  set  to  soak  in  sulficicnl 
soft  water  to  ro\ri  it,  in  which  a  small  quantity  of  soap,  in  llw  ]»roportion  of  about  jeva 
poinuiN  oi'  M  ap  to  eai  h  hundred  weight  of  tlax,  has  been  previously  dissolvtd,  and  in  lhi« 
stall-  it  >hoiiI(I  n  Kiain  lor  two  or  three  days  lonirer,  and  then  be  finally  worked  ihroucli 
the  machine,  liuM-d  with  clear  water,  and  wrunc ;  which  will  render  it  sufiicicntly  while 
for  nio>t  purposes. 

111.  Ti.i  7/MAi'.//ir.— We  have  already  stated  that,  by  the  operation  of  heckling,  i 
three-fohi  obj»  ct  i-  pro|M)std  :  1.  the  partinc  of  the  filaments  into  their  finest  tibrils; 
2.  the  separation  «'!'  the  shoii  fibres  which  are  unfit  f(»r  spinning;  3.  the  equable  and 
parallel  arranjem*  r>l  of  the  lorn?  filaments.  The  instrument  of  accomplishing  these  ob- 
jects is  a  coujb  fashioned  iu<il,  called  the  heckle  or  hackle  ;  a  surface  studded  more  or  lea 

thickly  with  metal  points  called 
heckle  teeth ;  over  which  the  flax  is 
drawn  in  such  a  way  that  the  above 
three  required  operations  may  be  pio- 
perly  accomplished. 

The  common  constniction  of  the 
heckle  is  the  following:  (see  fif- 
A'2A.)  Fig.  424  is  the  ground  pIiAi 
and  fif^.  425  is  the  section.  Upon 
an  obltmir  plank  a  b,  two  circular  or 
square  blocks  of  wood  c  and  d  are 
fixeil,  in  which  the  heckle  teeth  sfand 
:  li^lj!.    'I  i-    ive  thesi-  a  firmer  hold  they  are  stuck  into  holes  in  a  brass  or  irc;n  plite, 
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with  which  the  apper  surftce  of  c  and  d  is  covered.  Both  heckles  may  be  either  associ' 
ttted  upon  one  bcMud  or  separated ;  and  of  diflferent  finenesses ;  that  is,  the  teeth  of  the  one 
■My  be  thinner,  and  sUnd  closer  together ;  because  the  complete  preimxation  of  the 
flax  reqairex,  for  its  proper  treatment,  a  twofold  heckling;  one  npon  the  coarse,  and 
one  upon  the  fine  heckle ;  nay,  sometimes  3  or  4  heckles  are  employed  of  progressive 
Sneness.  The  heckle  teeth  are  usually  made  of  iron,  occasionally  of  steel,  and  from 
1  lo  2  inches  long.  Their  points  must  be  very  sharp  and  smooth,  all  at  an  equal  level, 
sad  mast  all  graduate  very  evenly  into  a  cylindrical  stem,  like  that  of  a  sewing  needle, 
withoat  any  irregularity.  The  face  of  the  heckle  block  must  be  uniformly  beset  with 
leeih,  which  is  done  by  different  arrangements,  some  persons  setting  them  in  a 
eireie,  and  others  in  parallel  rows ;  the  former  bdng  practised  in  Germany,  the  latter  in 
England.  The  coarse  heckle  is  furni«hed  with  teeth  about  one  tenth  of  an  inch  thick, 
OM  and  a  quarter  of  an  inch  long,  and  tapering  from  the  middle  into  a  very  fine  point.  In 
Ike  centre  of  the  circular  heckle  is  a  tooth  planted ;  the  rest  are  regularly  set  in  12  similar 
concentric  circles,  of  which  the  outermost  is  5f  inches  in  diameter.  The  fine  heckles 
contain  no  fewer  than  1109  teeth.  Instead  of  making  the  points  of  the  teeth  round,  it 
ii  better  to  make  them  quadranguUr,  in  a  rhombus  form,  in  which  case  the  edges  serve 
to  separate  or  dissect  the  fibres. 

The  operation  of  heckling  is  simple  in  principle,  although  it  requires  much  experi- 
ence to  acquire  dexterity.  The  operative  seizes  a  flock  of  flax  by  the  middle  with  the  right 
bond,  throws  it  upon  the  points  of  the  coarse  heckle,  and  draws  it  towards  him,  while 
he  holds  the  left  hand  upon  the  other  side  of  the  heckle,  in  order  to  spread  the  flax,  and 
Id  prevent  it  from  sinking  too  deeply  among  the  teeth.  From  time  to  time  the  short 
Abres  or  tow  sticking  to  the  teeth  are  removed.  Whenever  one  half  of  the  length  of  the 
atnke  of  flax  is  heckled,  it  is  turned  round  to  heckle  the  other  half.  Ttiis  process  is 
repeated  upon  the  fine  heckle.  From  J 00  pounds  of  well-cleaned  flax,  about  45  or  50 
pounds  of  heckled  flax  may  be  obtained  by  the  hand  labor  of  50  hours ;  the  rest  being 
lowy  with  a  small  waste  in  boony  particles  and  dust.  The  process  is  continued,  till  by 
cnrpful  handling  little  more  tow  is  formed. 

Many  contrivances  have  been  made  to  heckle  by  machinery,  but  it  may  be  doub^ 
whether  any  of  them  as  yet  make  such  good  work  with  so  little  loss  as  hand  labflr. 
In  heckling  by  the  hand,  the  operative  feels  at  once  the  degree  of  resistance,  and  can 
nccommodate  the  traction  to  it,  or  throw  the  flax  more  or  less  deep  among  the  teeth, 
according  to  circumstances,  and  draw  it  with  suitable  force  and  velocity.  To  aid  the 
heckle  in  splitting  the  filaments,  three  methods  have  been  had  recourse  to ;  beating, 
brushing,  and  boiling  with  soap-water,  or  an  alkaline  ley. 

Beating  flax,  either  aAer  it  is  completely  heckled,  or  between  the  first  and  second 
hecklinff,  is  practised  in  Bohemia  and  Silesia.  Each  heckled  tress  of  flax  is  fulded  in 
the  middle,  twisted  once  round,  its  ends  being  wound  about  with  flaxen  threads;  and 
this  head,  as  it  is  called,  is  then  beat  by  a  wooden  mallet  upon  a  block,  and  repeatedly 
tnmed  round  till  it  has  become  hot.  It  is  next  loosened  out,  and  rubbed  well  between  the 
bands.  The  brushing  is  no  less  a  very  proper  operation  for  parting  the  flax  into  fine 
filaments,  softening  and  strengthening  it  without  risk  of  tearing  the  fibres.  This 
process  re^iuires  in  tools,  merely  a  stiflf  brush  made  of  swine's  bristles,  and  a  smooth 
board,  3  feet  long  and  one  foot  broad,  in  which  a  wooden  pin  is  made  fast.  The  end 
of  the  flax  is  twisted  two  or  three  times  round  this  pin  to  hold  it,  and  then  brushed 
through  its  whole  length.  Well  heckled  flax  suffers  no  loss  in  this  operation ;  ua- 
heckled  only  a  little  tow ;  which  is  of  no  consequence,  as  the  waste  is  thereby  dimin- 
ished in  the  following  process.  A  cylindrical  brush  turned  by  machinery  might  be  employed 
here  to  advantage. 

The  boiling  of  flax  with  potash  ley  alone,  or  with  ley  and  soap,  dissolves  that  portion 
of  the  glutinous  cement  which  had  resisted  the  retting,  completes  the  separation  of  the 
fibres,  and  is  therefore  a  good  practical  means  of  improving  flax.  When  it  is  performed 
apon  the  heckled  fibres,  a  supplementary  brushing  is  requisite  to  free  it  from  the  dust, 
toapy  particles,  ate 

Com  JUix  be  prepared  without  retting  ?  — ^The  waste  of  time  and  labor  in  the  steeping 
of  flax ;  the  dyeing  of  the  fibres  consequent  thereon,  which  must  be  undone  by  bleach- 
ing; the  flangerof^  injuring  the  staple  by  the  action  of  putrescent  water;  and,  lastly, 
the  diminish^  value  of  flax  which  is  much  water-retted,  are  all  circumstances  which 
bare  of  kite  years  suggested  the  propriety  of  superseding  that  process  entirely  by 
■echanical  operations.  It  was  long  hoped,  that  by  the  employment  of  breaking 
aachines,  the  flax  merely  dried  could  be  freed  from  its  woody  particles,  while  the 
testfle  filaments  might  be  sufficiently  separated  by  a  subsequent  hecklinir.  Experience 
has,  however,  proved  the  contrary.  The  machines,  which  consisted  for  the  most  part  of 
Inted  rollers  of  iron  or  wood,  though  expensive,  might  have  been  expected  to  separate 
the  ligneous  matter  from  the  flbres ;  but,  in  the  further  working  of  the  flax,  no  advantage 
vai  gbined  over  the  water-retting  process. 
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1.  Unrfiitpd  flax  roqnires  a  consi-Icrably  longer  lime  for  breaking  Ihnn  retted,  unfa 
the  enipluyini'nt  of  the  same  maDipulaiions. 

2.  rrirt.»ti».i|  stalks  deliver  in  tlic  breaking  ami  hccklin?  a  somewhat  crrealer  prodoct 
than  tlif  «inino  \v»-ii:lit  of  flax  which  has  been  rell«;d ;  bni  there  i»  no  real  adxTiniaz-f  ii 
this,  as  tlie  urraler  wcii?lit  of  the  un retted  flax  consi'*!*  in  the  remainder  of  li^nton*  or 
ulutinoiis  matter,  which  bein?  foreii^n  to  the  real  fibre,  mu»t  be  eventually  removed. 
In  thf  l^liMchin;,'  process,  the  water  and  the  alkaline  leys  take  away  that  mal'er.  *o  ihil 
the  wrjjliliif  the  bleached  fibre  is  not  greater  from  the  unretted  than  the  retted  flax. 

3.  TJie  par! in?  of  the  fibres  in  the  unretied  stalks  is  imperfectly  cffccleii  by  the 
hecklin'j,  the  flax  either  remnins  coarsi'r  as  compared  with  the  rette«l  article,  and  a.i«6 
a  coarsi-r  tlirfad,  <ir  if  it  be  made  to  receive  greater  attenuation  by  a  long  contiaiied  heck- 
ling, it  \i*'l.ls  incomparably  more  torn  filnmentiK  and  tow. 

4.  The  ysirn  of  unrelted  flax  fetls  harder,  le<s  Elos*y,  and  ronsiber ;  and,  on  acc»>unl 
of  the>e  fjmiilies,  ttirns  out  worse  in  the  weaving  than  the  retted  flax.  Xi.»r  i-  the  ytra 
of  unr«'tlf*<l  flax,  wln.  lher  unbleached  or  bleached,  in  any  dearce  stouter  llian  the  yarn  of 
the  relied  flax. 

5.  J-'abrics  aC  unrettod  flax  require  for  complete  bleaching  abont  a  sixth  less  time  and 
materials  than  those  of  thn  retted.  This  is  the  <ole  advantage,  but  it  is  more  than  euoo- 
terbalanced  by  the  other  drawbacks  above  specified. 

In  Mr.  Words>Vorth's  iinproveti  apparatus  for  heckling  flax  and  hemp,  a  succf^'ioaof 
stricks  i'*  suhjecUnl  Ut  the  operation  of  several  srrit-s  of  revolving  heckles  of  diHerent  de- 
grees of  fineness,  for  the  ptirpose  of  gradually  sepiratinir  or  ctimbin^  the  long  fibres,  aad 
dressim;  them  smooth  ;  while  at  the  same  time,  llie  tow  or  entingled  refiire  porlioai  of 
the  material  taken  ofl*from  the  stricks  by  the  heckle  p'dnts  are  removed  from  the  hceklei 
by  rotatory  brashes  and  roller'*  covered  with  wire  cards,  and  di«chnrffctl  into  fruilablr 
receivers,  whence  it  may  be  taken  to  a  carding  engine,  to  be  wi»rkc«l  in  the  ordiairr 
way. 

The  aerompanyinc  figures  repn'*.rnt  in  plan  and  section  the  heckling  innchine,  whick 
is  maile  double,  for  the  purpose  of  allowing  two  scries  oi  stricks  of  flax  to  be  acted  upon 
at  one  time.    fig.  A'26  is  a  horizontal  view  of  the  machine;  yig.       is  an  end  view,  the 


whole  bolij?  r^'presented  i»i  workinsf  order,  and  the  respective  letters  of  reference  poiat- 
ing  out  corresponding  parts  ol  lhe  lunchinc. 

A  A  are  two  large  barrels  or  drums,  u|H>n  the  surfaces  of  which  are  fixed  longitadi- 
nally  sf-voral  scries  of  brass  ribs  a,  6,  r,  c/,  f,/,  g,  A,  i,  holding  heckle  points.  These  rite 
are  placed  at  small  distances  apart  round  the  barrels,  all  the  heckle  points  standing  n* 
dially  Intm  Ih^  axes,  and  the  barrels  are  mounted  upon  axles  supported  by  pedestak, 
with  ])[ummer  blocks  bearing  on  the  rails  of  the  end  fiames.  b  b,  are  two  horizontal 
whef.U  or  pulleys  turninii  upon  vertical  shafts,  which  pulleys  conduct  an  endless  chain 
r  c  t  I,  c^irryini;  ilie  hoMers,  wherc<m  the  stricks  of  flax  or  other  material  intended  to  be 
beckletl  are  .suspended. 

At  one  end  of  (he  uxlc  of  tncli  of  the  barrels  a  toothed  wheel  D  d  is  made  fast,  and  that 
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•re  connected  by  a  similar  wheel  and  a  pinion  r^fig.  427,  the  latter  being  fixed  upon 
the  axle  of  the  driTing  rigger  o. 


^  The  power  of  a  steam  engine,  or  any  other  first  mover,  being  applied  by  a  band  and 
rigger,  or  otherwise  to  the  axle  of-o,  the  pinion  r  is  driven  round,  which,  being  in  gear- 
ing with  the  toothed  wheels  e  and  d  d,  causes  the  heckle  barrels  a  a  to  revolve  simul- 
taneonsly  in  opposite  directions,  as  shown  by  the  arrows  in  Jig.  427. 

The  stricks  of  flax  intended  to  be  operated  upon  are  severally  confined  between  pairs 
of  clamps  fastened  together,  which  clamps,  with  the  stricks,  are  then  suspended  in 
their  respective  holders  h  n,  attached  to  the  endless  chain  c :  the  lower  portion  of  the 
flax  hanging  down  for  the  purpose  of  being  acted  upon  by  the  rotatory  heckles,  while 
the  upper  portions  are  turned  up  in  loops  and  confined  by  spring  levers  attached  to  each 
cuTier. 

The  respective  holders  of  the  clamps  consist  of  a  forked  frame,  with  hooks  at  the 
lower  parts  of  their  arms,  which  receive  the  ends  of  the  clamps  k,  that  confine  the  strick 
of  flax.  From  the  upper  part  of  each  forked  frame,  a  perpendicular  pin  extends,  which 
pins,  when  inserted  into  the  sockets  Illy  in  front  of  the  chain,  form  axles  for  the  fr%me8 
to  turn  upon  at  certain  periods  of  the  operation. 

On  the  upper  end  of  each  pin  a  small  arm  or  tappet  piece  m,Jig.  427,  is  fixed, 
standing  at  right  angles  to  the  face  of  the  forked  frame  of  the  holder  h.  Those  tappets, 
as  the  endless  chain  conducts  the  holders  along  at  certain  periods,  come  in  contact  with 
stationary  pins  or  vipers  n  n,  fixed  to  the  ?uide  rails  o,  on  which  the  chain  c  slides;  and 
these  wipers  acting  ac^ainst  the  tappets  as  they  pass,  cause  the  holders  to  be  turned  round 
at  those  periods  for  the  purpose  of  bringing  the  reverse  side  of  the  striek  of  flax  on  to 
the  heckle  points. 

Let  it  now  be  supposed,  that  all  the  holders  connected  to  the  endless  chain  hare  been 
famished  with  stricks  of  flax,  or  other  material  to  be  heckled,  and  that  the  barrels  A  A 
are  put  in  motion  in  the  way  described,  revolving  in  the  direction  of  the  arrows  shown 
in  fig,  427.  A  pinion  on  the  end  of  the  axles  of  one  of  the  barrels  A  will  drive  a  train 
of  toothed  gear,  j  k  l  m  and  n,  on  the  axle  of  the  latter,  of  which  there  is  u  bevelled 
pinion  taking  into  a  bevelled  wheel,  turning  horizontally  at  the  lower  end  of  the  per- 
pendicular shaft  of  one  of  the  chain  pulleys.  It  will  hence  be  perceived,  that  as  the 
barrels  go  round,  such  rotatory  motion  will  be  communicated  to  the  pulley  n,  as  will 
cause  it  to  drive  the  chain  c  forward,  and  by  that  means  conduct  the  several  stricks  of 
flax  progressively  along  the  barrel. 

When  each  successive  holder,  with  its  strick  of  flax  or  other  material,  is  brought  to 
the  part  2,  fig,  426,  the  fibres  come  in  contact  with  the  rotatory  barrel,  and  first  strike 
upon  the  series  of  coarse  heckles  a  a,  placed  upon  an  inclined  or  conical  surface  of  the 
barrel,  by  which  means  the  lower  ends  of  the  flax  in  each  strick  are  first  acted  upon ;  and 
U  it  advances,  the  upper  part,  and  ultimately  the  whole  length  of  the  long  fibres  of  the 
suspended  strick,  are  gradually  brought  on  to  the  heckles,  which  progressive  operation 
prevents  the  long  fibres  from  being  broken,  and  causes  a  smaller  quantity  of  tow  to  be 
produced  than  is  usually  taken  ofl*  in  any  of  the  ordinary  modes  of  heckling. 

AAer  the  strick  of  flax  or  other  material  has  been  carried  by  the  travelling  chain  past 
the  first  inclined  or  conical  surface  c,  of  the  heckling  barrel,  it  then  comes  upon  the 
cylindrical  part,  6,  of  the  barrel,  which  is  also  furnished  with  coarse  heckles  that  pene- 
trate and  comb  down  the  whole  pendent  lengths  of  the  fibres.  But  in  order  that  both 
tides  of  the  strick  of  flax  may  be  equally  operated  upon,  the  holder  is  now  to  be  turned 
nmnd  apon  its  pin  or  pivot,  which  movement  is  effected  by  one  arm  of  the  lever  or  tappet 
in^  (as  the  carrying  chain  moves  onward),  coming  against  the  stationary  pin  or  wiper  a, 
which  changes  the  position  of  the  holder,  as  shown  at     in  the  horizontal  view/g.  426. 

The  under  part  of  the  guide  rail  o,  upon  which  the  chain  slides,  is  at  this  part  cnt 
away,  for  the  purpose  of  allowing  the  holder  to  turn  round  horizontally ;  and  a  pin  or 
pngeetion  at  the  under  side  of  the  guide  rail,  as  the  chain  continues  moving^  acts  against 
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tfie  side  of  the  carrier  frame,  and  forces  it  into  a  position  puraHel  with  the  chain.  TIm 

other  side  of  (he  strick  of  flnx  is  by  these  means  brought  on  to  the  heckles  of  the  wcoad 
inclined  or  conical  surface  of  the  barrel  at  c;  nnd  the  travelling  chain  proceeding  oa- 
ward,  ihe  fibres  of  the  material  ore  in  succession  passed  over  and  combed  by  the  heddo 
of  increasing  fineness,  //,  e,  nnd  /,  on  the  cylindrical  part  of  the  revolving  barrel,  aaiil 
the  strick  havinc  arrived  at  the  second  wi|>er  ti,  the  frame  or  holder  is  at  q,  turned  roiud 
as  before,  and  the  reverse  side  of  the  strick,  or  that  first  operated  upon  by  the  heckles  a 
and  6,  is  broutrht  procressively  on  to  the  heckles  of  increasing  fineness,  g,  A,  and  i;  and 
having  passed  the  last  series  of  rotatory  heckles^  the  holders  are  in  soccession  to  be 
removed  from  the  machine,  the  material  having  been  sufficiently  dressed. 

The  clamps  of  the  holders  are  now  opened  by  the  attendant,  and  the  stricks  of  flax  or 
other  material  are  taken  out,  and  again  placed  between  the  clamps  in  rev(>rsed  position^ 
in  order  that  the  other  ends  of  the  fibres  may  be  operated  upon.  The  clamps,  with  the 
stricks,  are  then  suspended  again  in  the  holders,  the  uncombed  ends  of  the  fibres  hanging 
down  upon  the  heckle  barrel. 

In  order  to  avoid  interrupting  the  continual  operation  of  the  machine,  it  is  proposed 
that  the  strick,  on  its  second  introduction,  shall  be  placed  in  the  holders  un  the  opposite 
side  at  which  is  one  of  the  reasons  for  constructing  a  double  machine,  and  the  strick 
being  thence  earrird  along  by  the  travelling  endless  chain  in  the  way  already  described, 
the  fibres  will  be  first  brought  under  (he  operation  of  the  coarse  heckles  on  (he  inclioed 
or  conical  surface  of  the  second  revidving  barrel,  and  then  of  (he  other  heckles  increasing 
in  fineness  on  the  cylindrical  part  of  the  barrel,  until  having  reached  the  end,  as  in  ihe 
former  instance,  the  fibres  of  the  flax  may  be  considered  to  be  sufficiently  dressed,  and 
may  then  be  withdrawn. 

It  may  be  necessary  here  to  remark,  that  as  different  kinds  and  qnalities  of  materiil 
will  require  diflerent  degrees  of  working  by  the  heckles,  this  can  be  effected  by  vaiyiag 
the  comparative  speeds  of  the  travelling  holders  nnd  the  heckle  barrels.  These  com- 
parative speeds,  it  will  be  perceived,  depend  upon  the  dinmeleis  of  the  wheels  and  pintocs 
by  which  the  pulley  n  is  driven  from  the  rotation  of  the  heckle  barrel.  These  wheels 
and  pinions  are  therefore  intended  to  be  removed  and  changed  for  others  of  difierrnt 
dinmeteis,  as  circiiinslnnces  may  require.  It  will  be  perceived  that  the  faster  the  stricks 
travel  throusrh  the  machine  compared  to  the  rotatory  speed  of  the  heckle  barrels  so  much 
the  less  will  the  material  be  acted  upon  by  the  rotatory  heckles;  but  as  diflerent  quali- 
ties of  material  must  be  diH'erently  operated  upon,  according  to  circumstances,  it  is  im- 
possible to  set  out  any  detinite  speeds  or  proporti«)ns  of  speed:  that  will,  however,  be 
readily  perceived  by  compftrnt  workmen  when  working  nt  the  machine. 

In  the  procrs*i  ol"  ojirninir  the  fibres  oC  the  malerisil  by  the  mlatory  heckle?,  a  qiinn- 
tily  of  sho.-l  or  \oo>n  tibti  >,  a<  tow,  will  be  taken  oil'  the  stricks  by  the  heckle  pt>ints 
and  M'ill  remain  adherinj?  to  the  barrel  In'tween  the  |>fiints  of  the  heckles:  in  onier, 
therefore,  to  remove  this  tew  or  other  ]oo<e  entangled  materials  from  the  hcckltN 
several  series  of  brushes,  or  blocks,  with  bristles,  are  allixed  longitudinally  to  rolalory 
barrels  q  q. 

These  brush  barrels  are  mounted  parallel  to  the  heckle  barrels  upon  axles,  supported 
in  plumn)er  blocks  affixed  to  brackets  exttn»ling  from  the  end  frames  of  llie  machine. 
Those  pans  of  the  brush  barrels  which  arc  opposite  to  the  cylindrical  portions  of  the 
heckle  barrel  are  cylindrical,  and  those  parts  which  arc  opposite  to  the  bevels  are  contra- 
bevelled,  or  made  as  fcuslrums  of  cones  reversed,  or  in  an  opposite  angle,  as  r,  »,  so  as 
to  run  pnrallfl  lo  the  inclined  surfaces  of  the  heckle  barrels  a  and  c. 

Upon  Ihe  periphery  of  Ihc^e  barrels  q  q,  ribs  or  blocks,  with  bristles  or  brushes,  are 
fixed  lonsitndinnlly,  at  suitable  distances  apart,  tlie  bristles  all  standing  radially  from  the 
axle,  and  takin?  intd  the  points  of  the  heckles. 

Rotatory  motions  are  tjivrn  to  the  brush  barreU  Q  q,  by  bands  passing  from  the  risers 
at  G,over  pulleys  r  r,  fixed  at  the  end  of  each  of  the  axles  of  the  brush  barrels.  Hence, 
it  will  be  perceived  that  the  barrels  Q  Q  will  revolve  in  opposite  directions  to  the  heckle 
barrels,  and  with  sufficient  speed  to  enable  the  brushes  to  pass  through  between  the 
points  of  the  heckles,  and,  in  so  doing,  lo  remove  the  tow  or  other  loose  matter 
therefrom. 

The  tow  or  other  loose  fibrous  material  collected  upon  the  brushes  is  transferred  thence 
on  to  wire  cards  placed  round  the  peripher}'  of  the  barrels  s  s,  which  barrels  are  mounted 
upon  axles  parallel  to  the  brush  rollers,  and  turn  in  plummcr  blocks  upon  brackets 
extending  from  the  end  frames  of  the  machine. 

These  barrels  are  cylindrical,  and  covered  with  sheets  of  wire  cards  at  those  parts 
which  are  opposite  lo  the  cylindrical  portions  of  the  brush  barrels,  but  those  portions  of 
the  barrel  s  which  are  opposite  to  the  bevelled  points,  r  and  *,  of  the  brush  barrels,  arc 
bevelled  or  made  conical  at  /  it,  to  fit  or  correspond  with  the  inclined  surfaces  f  and 
these  are  covered  with  sheets  of  wire  card  also. 

Rotatory  motions  are  communicated  to  the  card  barrels  s  s,  by  bands  from  the  puUef 
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fixed  on  to  the  side  of  the  toothed  wheel  m  Tsee  fig,  427),  which  band  drives  similar 
palleys  v  v,  mounted  upon  studs  fixed  in  the  end  frame.  Upon  the  side  of  each  of  these 
polleys  V  V,  a  pinion  /  is  fixed,  which  pinion  takes  into  the  teeth  of  the  wheel  w,  on  the 
end  of  the  axle  of  each  of  the  card  barrels  s  s ;  by  which  means  such  slow  motions  are 
given  to  the  barrels  s,  as  will  allow  the  brushes  of  the  barrels  Q  to  comb  off  and  deposite 
the  tow  or  other  fibrous  material  upon  the  wire  cards  as  ihey  revolve,  and  from  whence 
it  i»  to  be  removed  by  a  doffing  comb,  and  let  fall  into  any  convenient  receptacle  below, 
in  the  same  way  as  in  ordinary  carding  engines. 

The  dofiing  combs,  x  x  x,  are  formed  to  the  shape  of  the  card  barrels,  and  are  attached 
to  straight  bars  extending  along  the  machine  on  both  sides,  which  are  supported  at  their 
extremities  by  levers  y  y,  vibrating  upon  fulcrum  pivots  at  w  to.  To  these  levers  per- 
pendicular rods,  z  z,  are  connected  by  joints,  and  the  lower  end  of  each  of  these  lods  it 
attached  to  an  eccentric  disc,  roller,  or  crank,  z  x,  on  the  axle  of  the  brush  barrel ;  whence 
it  will  be  perceived  that  by  the  rotation  of  the  eccentrics  x,  the  levers  y  will  be  made  to 
▼ibrate  and  strike  off,  or  doff  the  tow  or  other  material  from  the  card  barrels,  in  a  similar 
manner  to  the  operations  of  the  dofiing  comb  of  an  ordinary  carding  engine. 

Mr.  Evans's  patent  improvements  in  machinery  for  preparing  and  dressing  fiax  and 
hemp  apply,  first,  to  the  operation  of  scutching,  swingling,  or  beating  away  the  boom 
or  woody  particles  of  the  rind  which  covers  the  flax,  or  hemp,  in  its  rough  state;  and, 
secondly,  to  the  subsequent  operation  of  heckling,  combing,  or  opening  of  the  fibres  of 
Che  material  preparatory  to  spinning  it  into  yarns. 

Fig,  428  represents  the  scutching  or  swingling  machine,  in  difiierent  positions. 

429  428 


Fig.  428  is  an  end  view  of  the  machine  in  operation ;  fig.  429  is  a  front  view  of  the 
same.  The  essential  parts  of  the  machine,  and  those  in  which  the  invention  especially 
consists,  are  two  pairs  of  revolving  beaters  or  scutchers,  each  formed  by  long  ribs  or 
blades  mounted  upon  arms.  The  blades  of  the  beaters,  a  a,  may  be  made  of  ribs  of  hard 
wood,  or  other  suitable  material,  broad  but  thin,  and  slightly  rounded  on  their  edges,  to 
prevent  their  cutting  the  fibres  of  the  flax  or  hemp  when  they  strike  it.  The  two  blades 
are  placed  parallel  to  each  other,  and  mounted  upon  a  hexagonal  frame,  the  arms  b  b 
inclining  or  forming  obtuse  angles  with  the  blades,  and  from  the  middle  of  the  arms  short 
axles,  c  c,  extend,  upon  which  the  beaters  revolve. 

The  axles  of  both  pairs  of  beaters  are  mounted  in  plummer  boxes,  bearing  upon  hori- 
zontal rails  at  the  ends  of  the  macliine,  as  shown  in  fig.  428,  and  are  at  such  distance 
apart  as  will  allow  of  the  arms  and  the  beaters  of  each  pair  passing  alternately  within 
those  of  the  other  pair  as  they  revolve  in  opposite  directions,  which  they  are  enabled  to 
do  without  coming  in  contact,  in  consequence  of  the  inclination  of  the  arms. 

On  the  axle  at  one  end  of  each  pair  of  beaters  a  toothed  wheel,  d,  m  aflixed,  and  these 
wheels  being  of  similar  diameters,  and  taking  into  each  other,  cause  the  beaters  to 
revolve  with  similar  speed  in  opposite  directions,  rotatory  motion  being  given  to  them  by 
a  band  and  rigger  fixed  upon  one  of  the  axles ;  and  in  order  that  the  beaters  in  revolving 
may  not  come  in  coniact  as  they  pass,  the  positions  of  the  two  pairs  are  so  arranged  that 
the  blades  of  one  shall  be  in  a  perpendicular  situation,  while  those  of  the  other  are 
horizontal. 

The  rind  of  the  flax  or  hemp  having  been  previously  broken  by  any  of  the  ordinary 
modes  of  pertibrming  that  operation,  small  bunches  or  stricks  of  the  material  are  spread 
oat,  and  their  ends  confined  between  the  jaws  of  clamps  or  hoklers. 
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These  clamps  or  holders  differ  considerably  from  the  elamps  whieb  are  fowmonly 
used.  I  shall  therefore  particularly  describe  their  construction,  before  showing  them  ii 
operation.  Figs,  430  and  431  are  views  of  the  clamp  in  two  different  positions ;  a  and^ 

are  two  boards  united  together  by  a  hinge,  c,  at  lop^ 
which  of  course  allows'them  to  shut  and  opea.  The 
lower  parts,  forming  the  jaws  of  the  clamps,  are 
made  with  teeth  or  indentations,  betweea  which 
parts  the  ends  of  the  flax  or  hemp  are  securely  held 
when  the  clamps  are  brought  tozether ;  dd  m  two 
pieces  projecting  from  the  board  6,  at  the  end  of  each 
of  which  is  an  eye  shown  by  dots,  and  at  the  back  gf 
the  board  a  (see  fig.  430),  there  is  a  double  armed 

  lever,  e,  turning  upon  a  fixed  pin,  /,  which  lever  ctr- 

riet  two  circular  wedsres,  g  g.  These  wedges  pass  into  the  eyes  of  the  pieces  d  when 
the  clamps  are  closed  and  hold  them  fast.  There  is  a  segment  ratchet  A,  at  the  npper 
part  of  the  board  a,  which  turns  upon  a  stud^.t,  and  is  pressed  downward  by  a  spring,  Ir. 
This  ratchet  receives  the  end  of  the  lever  e,  and  consequently  keeps  the  circoiar  wedges 
firm  in  the  eyes,  which  hold  the  clamps  securely  together,  and  prevent  their  opening  bf 
the  shaking  of  the  machine. 

When  it  is  required  to  open  the  clamps,  the  ratchet  h  must  be  raised,  and  the  lever  i 
pushed  aside  by  its  handle  /,  which  draws  the  cii-cnlar  wedges  /  from  the  eyes  of  the 
pieces  d  d,  and  the  boards  of  the  clamps  immediately  separate.  For  the  oonvenience  of 
suspending  the  holders  in  the  machines,  a  piece  of  sheet  iron,  m,  is  bent  at  right  angles, 
and  fastened  to  the  back  of  the  board  6,  a»  seen  in  fig.  431,  forming  a  groove  by  means 
of  which  the  holders  are  enabled  to  slide  into  the  machine  and  hang  there. 

These  clamjis  or  holders  are,  when  charged  with  the  material,  placed  in  the  sentchiag 
machine,  as  shown  at  c  c  <,  in  figs,  428  and  429,  bearing  upon  the  edge-rail  or  bar  /. 
The  beaters  are  now  made  to  revolve  in  the  manner  already  described,  by  which  the 
edges  of  the  blades  will  strike  against  the  pendent  slricks  of  flax  or  hemp  alternately  oo 
each  side,  and  beat  off,  scutch,  or  swingle  the  boom  from  the  materia),  and  render  it  fit 
for  the  operation  of  heckling  which  is  to  follow. 

The  whole  machine  is  incased  with  boards,  to  prevent  the  inconvenience  arising  from 
dust,  and  an  apparatus  mi^ht  be  adapted  with  a  blower  to  conduct  away  the  doil 
created  by  the  mnchinr,  and  to  discharge  it  out  of  the  buildini?. 

In  intro<lncin?  these  slricks  of  flax  or  hemp  into  the  machine,  the  holder  is  placed 
upon  the  pn)jectin?  end  of  the  bar  or  edge-rail  and  is  tht-nce  slKlden  into  the  ma- 
chine ;  and  after  the  material  has  been  sutficienlly  scuIcIkmI  or  swineleil,  the  holder:, 
with  the  slricks,  are  n!in«)Ved  throii;;h  the  top  of  the  machine,  and  others  successively 
introduced  at  the  end,  and  pushed  along  the  rail. 

If,  however,  it  should  be  thoncbt 
desirable,  the  slricks  may  be 
proercssively  carried  thronsrh  the 
scutchinir  ninchine,  and  delivered 
into  a  similar  ed?e-rail  in  the 
hecklinc  machine,  there  to  be  op- 
erated upon  in  the  way  about  to 
be  described,  by  which  means  the 
whole  process  of  scutching  and 
heckling  may  go  on  without  inter- 
ruption. 

Fig.  432  represents  the  heck- 
ling or  combing  machine  by  which 
the  fibres  of  the  material  are  to 
be  opened,  and  the  tow  removed. 
It  is  a  tranjiverse  section,  taken 
nearly  through  the  middle,  in  i 
vertical  direction.  Perpendicalar 
stanfinrds  form  the  ends  of  the 
machine,  which  are  connected  to- 
gether by  longitudinal  rods  or 
bars  secured  by  nuts.  The  heckle 
points  intended  to  act  apon  the 
flax  are  mounted  in  the  frame* 
a,  b,  r,  and  d,  and  the  stricks  of 
flax  held  in  the  clamps  e  e  e,  is 
described,  are  suspended  from  the 
bar  or  edge-rail,  extending  throvgh 
the  machine. 
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T  to  render  the  principles' of  this  machine  and  its  mode  of  working  evident,  it 
esirable  to  show  in  an  abstract  form  the  manner  in  which  the  heckles  are  broaght 
mtion  upon  the  flax,  and  for  this  purpose  two  diagrams  are  delineated  in  figi. 

e  two  sets  of  combs  or  heckle  points  be  mounted  upon  frames  a  and  6,  as  in 
ires,  each  frame  being  moveable  by  means  of  cranks  c,  c,  and  d,  connected  in 
iner  that  they  both  turn  with  the  same  speed  in  opposite  directions,  it  is  evident 
y  part  of  tiie  frames  and  combs  will  move  in  circles  corresponding  to  those  de- 
y  the  cranks ;  the  points  of  the  combs  travelling  in  the  directions  of  the  arrows, 
rcles  represented  by  dots. 

:  this  movement,  whilst  performing  the  first  descending  quarter  of  the  circle,  the 
ing  the  frames  together  as  in  fig,  433.  They  begin  after  this  to  separate  in  de- 
:he  second  descending  quarter,  and  come  to  the  position  fig.  434,  when,  continu- 
rolve,  they  move  further  from  each  other  in  describing  the  first  ascending  quarter 
"cle,  and  arrive  at  the  position  where  the  distance  is  the  greatest ;  lastly,  they 
the  second  ascending  quarter  returning  to  the  third  position.  If,  therefore^  • 
flax  be  suspended  between  the  two  sets  of  combs  as  in  fig,  433,  and  the  rotatory 
e  continued  for  a  sufficient  length  of  time,  the  flax  will  be  combed  in  the  whole 
hich  is  submitted  to  the  actions  of  the  combs,  although  the  points  severally  have 
"ated  in  a  very  small  space. 

system  of  combs  or  heckles  would  make  a  very  good  and  simple  heckling  engine, 
!  not  for  the  inconvenience  experienced  by  the  points  dragging  spme  of  the  fibres 
n  when  withdrawing  from  the  flax,  which  would  produce  a  great  waste  of  mate> 
I  to  obviate  this  it  would  be  necessary  to  introduce  some  contrivance  for  clearing 
s,  which  must  be  attended  with  considerable  complication.  The  plan,  however, 
esent  improved  engine,  aflbrds  the  means  of  producing  the  same  efi*ect  by  more 
id  efficient  means. 

arc  two  series  of  combs,  see  fig,  435,  attached  to  two  moveable  frames  repre- 
sented at  a  and  b.  Each  frame  is  formed 
by  vertical  bars  a  b,  with  lateral  branches 
or  arms,  which  carry  the  heckle  points. 
The  branches  or  arms  are  parallel,  and  at 
equal  distances  apart,  but  fixed  in  such 
positions  in  each  frame  that  they  may  oc- 
cupy the  intervening  space  when  the  frames 
are  brought  together,  as  fig.  436.  The 
frames  are  put  in  motion  by  means  of  re- 
volving cranks  to  which  they  are  attached, 
as  shown  in^lg.  436,  and  when  the  cranks 
turn  upon  their  axes,  the  branches  of  one 
frame  pass  between  those  of  the  other 
without  touching.  This  forms  what  may 
be  called  a  set  of  combs ;  but  one  of  the 
improved  machines  contains  two  such  sets, 
s  of  the  combs  of  one  set  bein?  opposed  to  the  points  of  the  combs  in  the  other  set, 
ay  in  which  the  series  of  combs  that  compose  one  set  act  upon  the  flax,  is  shown 
le  viewyig.  435.  When  the  cranks  are  nearly  vertical,  the  points  of  both  frames 
from  the  flax,  but  as  the  cranks  move  round  in  the  direction  of  the  arrows,  the 
3me  into  another  position,  and  it  is  then  that  the  points  or  heckles  of  one  of  the 
t  begin  to  penetrate  the  flax,  and  descending  they  comb  or  divide  its  fibres.  The 
sf  the  cranks  continuing,  the  two  frames  a  and  b  come  into  the  position  shown 
J5,  the  points  of  the  frame  a,  withdrawing  from  the  flax,  and  those  of  the  frame 
ching  and  pushing  the  fibres  off  from  the  former,  which  are  now  combed  by  the 
ig  stroke  of  the  points. 

hence  be  perceived  that  as  the  combs  of  the  frame  a  and  6,  respectively  advance, 
push  forward  the  whole  of  the  strick  of  flax,  and  render  it  impossible  for  the 
bis  raised  and  entangled,  as  each  frame  in  advancing  clears  the  fibres  from  the 
liich  preceded  it. 

le  set,  however,  of  such  combs  or  heckles  acting  only  on  one  side  of  the  flax, 
at  imperfectly  perform  thie  operation  of  opening  its  fibres;  it  is  therefore 
fy  in  order  to  accomplish  the  desired  object  in  the  most  effectual  way,  that  two 

of  combs  or  heckles  should  be  brought  to  act  on  opposite  sides  of  the  strick  of 
eh  may  be  done  in  the  manner  shown  in  the  figures.  The  cranks  of  the  two 
sets  of  comb-frames  or  heckles  a  6,  and  c  d,  are  connected  by  a  pair  of  toothed 
/,  as  fig.  437,  or  by  four  toothed  wheels,  by  which  the  heckles  are  actuated  at 
i  two  sets  moving  in  opposite  directions,  but  with  similar  speeds,  and  the 

or  heckling  of  the  material  will  go  on  in  the  way  shown  in  the  figure  last 
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Thus  far  I  have  considered  only  two  frames  of  combs  or  heckles  eonstitoting  a  ret,  ai 
acting  upon  each  side  of  the  strick  of  flax  ;  but  in  order  to  perform  a  greater  qnaniity  of 
work,  several  sets  may  be  mounted  in  one  machine,  working  alongside  of  each  other,  a- 
tending  over  the  breadth  of  the  machine.  The  combs  may  then  be  supported  upon  three 
frames,  of  which  the  middle  one  may  have  branches  or  arms  extending  upon  both  sides, 
and  the  other  two  frames  branches  extending  inwards  onlj.  To  drive  the  frames  soar 
ranged  they  must  be  connected  to  treble  cranks. 

Such  is  the  principle  of  the  improved  machine  for  combing  or  heckling,  exhibited  ia 
the  several  figures  of  which  I  now  proceed  to  describe  the  particular  construction.  The 
machine  or  engine,  Jig.  432,  has  four  sets  of  combs,  acting  both  at  the  back  and  froat  of 
the  flax  ;  a  b  are  the  front  set  of  combs,  and  cd  the  back  set  of  combs ;  tee,  arc  the  clamps 
holding  the  stricks  of  flax  previously  scutched,  which  clamps  hang  upon  tbe  edee-niL 
The  comb  frames  are  attached  at  top  and  bottom  to  the  cranks  g  g,  which  are  all  connect- 
ed by  toothed  gear,  and  driven  by  a  band  and  rigger. 

The  combs  or  heckles  being  put  in  motion  in  the  way  described,  aet  upon  the  sus- 
pended stricks  of  flax,  and  upon  their  fibres,  as  explained;  which  stricks  are  prc»gTCisire- 
ly  conducted  through  the  machine  by  their  clamps  sliding  ui>on  the  edge-rail  through  the 
agency  of  the  endless  chain,  to  which  the  clamps  are  severally  attached,  by  a  hook  falliig 
into  one  of  the  links.  The  chain  is  driven  by  a  spur  wheel  upon  the  axle  of  a  beTd 
wheel,  which  receives  a  slow  rotatory  motion  through  a  bevel  pinion  on  the  axis  of  a 
similar  wheel,  acmated  by  another  pinion  on  the  end  of  the  npper  crank  axle.  By  these 
means,  clami>$,  with  the  stricks  of  flax  placed  on  the  edge-rail,  are  slowly  carried  throogh 
the  machine,  when  the  flax  will  be  gradually  acted  upon  first  by  heckle  points  of  a  coane 
kind,  set  wide  apart,  and  ultimately  by  finer  points  set  near  together;  aAer  which,  the 
clamp  with  the  strick  of  flax  is  discharged  from  the  machine,  at  the  reverse  end  of  the  edge- 
rail.  But  should  the  workman  neglect  to  remove  the  holder  or  clamp,  when  it  arrives  at 
the  end  of  the  rail,  the  machine  would  be  stopped  by  means  of  a  jointed  lever,  having  a 
fork  at  its  end,  which  pushes  the  band  from  the  fast  rigger  on  to  the  loose  one,  and  throws 
oflTthe  driving  power. 

As  the  conib.N  or  heckles,  in  acting  upon  the  flax  to  divide  its  fibres,  tear  parts  of  the 
fibres,  and  reduce  them  into  tow,  the  downward  motion  of  the  heckles  brings  the  tow 
with  them  out  of  the  flax,  which  is  dep«)sited  between  two  fluted  rollers  p  p.  Jig,  432, 
and  is  by  them  conducted  down  to  the  large  drum  where  it  becomes  lapp^  in  twa 
endless  sheets  round  the  periphery  of  the  drum;  the  one  of  coarse  tow,  the  other  of  fiae, 
the  adhesion  being  assisted  by  a  pressing  roller  r ;  and  when  a  quantity  of  the  tow  has 
been  thus  nccuiuiiiated  round  the  periphery  of  the  drum,  it  may  be  removed  thence  by 
cultinir  it  oil"  in  sheets.  The  fluted  rollers,  and  also  the  larse  drum,  are  driven  by  gear 
bands. 

Afier  the  strick  of  flax  has  been  thus  carried  throucli  the  scutchinr  machine  or  the 
heckling  inarhine,  the  jaws  of  the  clamps  are  to  be  oi)ened,  the  ends  of  the  flax  reversed, 
and  the  strick  nsiain  confined  in  the  clamps,  so  that  the  other  end  of  the  strick  may  be 
operated  upon  in  a  similar  way.  In  order  to  prevent  any  part  of  the  flax  from  attaching 
itself  to  the  branches  of  the  moveable  frames,  each  frame  is  furnished  with  a  shield  or 
guard  of  polished  iron  or  brass  plate,  which  covers  a  j)art  of  the  combs  and  the  heads  of 
the  screws  by  which  they  are  fixed  to  the  branches.  When  the  plate  metal  is  bent  into 
the  form  of  a  shield,  it  is  slipped  on  to  the  branches  of  the  heckle  frames,  and  issuflicient- 
ly  elastic  to  hold  fast. 

But  it  is  to  be  observed,  that  the  e<lges  of  the  shields  are  to  vary  in  the  extent  of  their 
projection  nccordin!?  to  the  situation  in  which  they  are  to  be  placed  ;  those  which  are  to 
shield  the  upper  branches  of  heckles  are  to  project  but  little,  so  as  to  leave  the  \\oin\s  un- 
covered and  free  to  enter  the  strick  of  flax ;  but  the  shields  of  the  lower  heckles  arc  to 
project  considerably  over  the  points,  to  prevent  them  from  }>enetrating  too  far  into  the 
fibres,  which  is  so  contrived  for  the  purjwse  of  facilitating  the  falling  of  the  tow,  which 
would  otherwise  be  with  difl^culty  removed  from  the  lower  combs,  were  it  thrust  upon 
the  whole  length  of  the  points. 

It  heinz  advantaceous  that  each  strick  of  flax  should  be  combed  near  the  lower  extremi- 
ties before  the  middle  is  acted  upon,  it  is  necessary,  in  order  to  obtain  this  elTect,  to  re- 
move some  of  the  points  of  the  comb«  in  the  upper  branches.  By  these  means,  the  oper- 
ation of  the  heckles  upon  the  flax  begins  and  proceeds  gradually,  and  ceases  at  the  oppo- 
site extremity  of  the  machine  in  the  same  gradual  way,  which  is  very  advantageous  in 
clearing  completely  the  flax  from  the  tow. 

IV.  Flax-spinning.— U  we  compare  flax  with  other  spinning  materials,  such  as  wool 
and  cotton,  we  shall  find  it  to  possess  several  characteri>tic  properties.  "While  cotton 
and  wool  are  presented  by  nature  in  the  form  of  insulated  fibres,  the  former  requiring 
merely  to  be  separated  from  its  seeds,  and  the  latter  to  be  purified  from  dirt  and  grease 
before  being  delivered  to  the  spinner,  flax  must  have  its  filaments  separated  from  each 
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other  by  tedious  and  painful  treatment.   In  reference  to  the  spinning  and  the  subsequent 
operations,  the  following  properties  of  flax  are  influential  and  important: — 

1.  The  considerable  length  of  the  fibres,  which  renders  it  difficult,  on  the  cue  haad, 
to  form  a  fine,  level,  regular  thread,  on  the  other,  gives  the  yarn  a  considerably  greater 
tenacity,  so  that  it  cannot  be  broken  by  pulling  out  the  threads  from  each  other,  but  by 
tearine  them  across. 

2.  The  smooth  and  slim  structure  of  the  filaments,  which  gives  to  linen  its  peculiar 
polished  aspect,  and  feel  so  different  from  cotton,  and  especially  from  woollen  stuffs,  unless 
-when  disguised  by  dressins:.  The  f.bres  of  flax  have  no  mutual  entanglement,  whereby 
one  can  draw  out  another  as  with  wool,  and  they  must  therefore  be  made  adhesive  by  mois- 
tnre.   Tfiis  wetting  of  the  fibres  renders  them  more  pliant  and  easier  to  twist  together. 

3.  The  small  degree  of  elasticity,  by  which  the  simple  fibres  can  be  stretched  only  one 
twenty-fiAh  of  their  natural  length  before  they  break,  while  sheep's  wool  will  ttreteh  from 
one  fourth  to  one  half  before  it  cives  way. 

Good  flax  should  have  a  bright  silver  gray  or  yellowish  color  (inclinin^t  neither  to 
inreen  nor  black) ;  it  should  be  long,  fine,  soft,  and  glistening,  somewhat  like  silk,  and 
contain  no  broad  tape-like  portions,  from  undissevered  filaments.  Tow  differs  from 
flax  in  having  shorter  fibres,  of  very  une(iual  length,  and  more  or  less  entangled. 
Hemp  agrees  in  its  properties  essentially  with  flax,  and  must  be  similarly  treated  in  the 
spinning  processes. 

The  manufacture  of  linen  and  hemp  yarn,  and  the  tow  of  either,  may  be  effected  by 
different  processes.;  by  the  distaff,  the  hand-wheel,  and  spinning  machinery.  It  will  be 
onnecessary  to  occupy  the  pases  of  this  volume  with  a  description  of  the  first  two  well 
known  domestic  employments.  I  shall  therefore  proceed  directly  to  describe  the  last 
method,  or 

Spimiiiif^  of  Flnx  by  Machinery.  — ^This  branch  of  manufncture  has  been  much  more 
recently  brought  to  a  practical  slate  than  the  spinning  of  cotton  and  wool  by  maehines, 
of  which  the  caiuse  must  be  sought  for  in  the  nature  of  flax  as  above  described.  The 
first  attempts  at  the  machine  spinning  of  flax,  wi*nt  upon  tlie  principle  of  cutting  the 
filaments  into  short  fragments  before  beginning  the  operation.  Bui  in  this  way  the  most 
valuable  properly  of  linen  yarn,  its  cohesive  force,  was  greatly  impaired  ;  or  these  attempts 
were  restricted  to  the  spinning  of  tow,  which  on  accuimt  of  its  short  and  somewhat 
tortuous  fibres,  could  be  treated  like  cotton,  especially  after  it  had  been  further  torn  by 
the  cardin?  engine.  The  first  tolerably  good  results  with  machinery  seem  to  have  been 
obtained  by  the  brothers  Girard  at  Paris,  about  the  year  1810.  But  the  French  have 
never  carried  the  apparatus  to  any  preal  practical  perfection.  Tlie  towns  of  Leeds  in 
Yorkshire,  of  Dundee  in  Scotland,  and  Belfast  in  Ireland,  have  the  merit  of  bringing  the 
spinning  of  flax  by  machines  into  a  slate  of  perfection  little  short  of  that  for  which  the 
cotton  trade  has  been  so  long  celebrateiL 

For  machine  spinninsr,  the  flax  is  sometimes  heckled  by  hand,  and  sometimes  by  ma- 
cbisery.    The  series  of  operations  is  the  following:  — 

1.  The  heckling. 

2.  The  conversion  of  the  flax  into  a  band  of  parallel  rectilinear  filaments,  which  forms 
the  foundation  of  the  future  yarn. 

3.  The  formation  of  a  sliver  from  the  riband,  by  drawing  it  out  into  a  narrower  range 
of  ilaments. 

4.  The  coarse  spinning,  by  twisting  the  sliver  into  a  coarse  and  loose  thread. 

5.  The  fine  spinninz,  by  the  simultaneous  extension  and  twisting  of  that  coarse  thread. 
The  spinning  of  tow  requires  a  different  treatment:  we  shall  fii^t  treat  of  the 

heckling  of  flax  by  machines;  and  secondly,  of  the  mechanical  spinning  of  flax.  The 
mechanical  carding  and  spinning  of  tow  are  very  similar  to  those  of  cotton ;  which  see. 
Though  machine  heckling  be  far  from  perfect,  yet  the  tow  it  throws  ofl*  can  be  spun 
into  very  good  yarn  by  machines,  while  it  would  afford  very  indifferent  yarn  to  the  hand 
spinner. 

All  heckle  machines  have  this  common  property,  that  the  flax  is  not  drawn  through 
them,  as  in  working  by  hand,  but,  on  the  contrary,  the  system  of  heckles  is  moved  through 
the  flax  properly  suspended  or  laid.  Differences  exist  in  the  shape,  arrangement,  and 
movements  of  the  heckles,  as  also  in  regard  to  the  means  by  which  (he  adhering  tow  is 
removed  from  them.  The  simplest  and  most  common  construction  is  to  place  the 
heckles  u\H>n  the  surface  of  a  horizontal  cylinder,  while  the  flax  is  held  either  by  me- 
chanical means  or  by  the  hand  during  its  exposure  to  the  heckle  points.  Many 
machines  have  been  made  upon  this  principle.  It  is  proper  in  this  case  to  set  the  heckle 
teeth  obliquely  in  the  direction  in  which  the  cylinder  turns,  whereby  they  penetrate  « 
the  fibres  in  a  more  parallel  line,  effect  their  separation  more  easily,  and  cause  less  waste 
in  torn  filaments.  To  conduct  the  flax  vpim  the  cylinders,  two  horizontal  fluted  rollers 
of  iron  are  employed,  which  can  be  so  modified  in  a  moment  by  a  lever  as  to  present 
the  flax  more  or  Jess  to  the  heckling  mechanism.   The  operator  seizes  a  tress  lock  ^ 
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ihe  opentkm  noft  begniy  meh  the  fcrrlflri  trit.  Mil  Igr  ifirirt  tbm  Mliaar  it  lit  pfc 
tedded  thrmiih  two  tbifds  or  three  ibvrtlii  of  Hi 
tnmedy  ind  its  other  end  bmlgeeted  to  the  MmepraeeH.  Bfile 
letioB  the  hcdde  cylinder  cmtes  •  eumt  of  eir  vUeh  Ml  Mtr 
pvtieleiy  hot  eko  spreodi  oot  the  (but  like  a  ibeef  of  eora  mm  i 
Mine  dl]^  MIS  done  hy  the  deiterooeewiBf  of  the  hu^  The 
teeth  of  the  heekle,  end  mnj,  when  its  qpaatitf  hm  beeoM  com 
the  Ibnn  of  a  took  of  pnrallel  kyert. 

The  iietintinl  pnrti  of  each  m  conitincthm  will  he  mdcfiteod  flw /y*  4 
Anted  rollen  ue  nbeent.  The  (but  ey^ie  hddhy  the  hn^or  In  a  kfaleri 
The  ejriinder  k  pertly  eorered  whh  •  eorvilinenr  flite  of  km  c^d^  whkk  ■■■■  t 
tnin  the  imr,  end  to  gnide  it  in  circekr  treewia  roond  the  periphery  ef  the  hef He.  Attii 
hefpnning  it  ie  pieced  neer  6^  when  the  tipe  of  (he  flex  ere  only  prceented  to  the  h«llHt 
dnriM  the  woikfaig  the  ihidM  it  eontinneUy  drawn  bnek  in  the  diraette  ftanrfto^Hl 
thne  m$  the  operatjon  he  perfbmed  npon  the  immininy  pnrt  of  the  infc. 


Fint  operaticn  $  theeonvenum  of  flax  into  ribands  or  tZtotrt.— This  it  elleeted  ty ah- 
jecting  the  flax  to  a  series  of  advancing  gills  or  heckle-teeth,  and  at  the  seme  tine  drawisf 
oat'  iu  fibres  by  means  of  rollers.  Figt.  439, 440, 441,  show  the  ontUne  of  the  enh 
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machine  for  this  purpose.  Here  two  rows  of  heckles  are  placed  alongside 
though  only  one  of  them  be  shown  in  the  ground  ^\Mi,fig,  440,  in  order  to 
IS  beneath  the  other  to  be  seen.  The  flax  is  placed  in  the  sheet  iron 
by  laying  down  one  handful  after  another,  so  that  the  points  of  the  second 

0  only  the  middle  of  the  first,  and  thus  preserve  a  uniformity  of  thickness 
.  This  process  is  necessary,  since,  as  every  one  knows,  the  heckled  stricks 
ck  in  the  middle,  and  thin  at  the  ends.  The  flax  being  introduced  between 
nd  r,  is  drawn  out  by  their  agency,  and  at  the  same  time  subdivided  by  the 
ween  whose  teeth  ihe  pins  of  the  roller  c  press  it  down.  At  the  rollers 
ed  from  the  heckles  by  the  transverse  bars  which  rise  from  the  springs  g, 
is  seized  by  the  rollers  h  i,  and  drawn  again.  A  little  beyond  these  roUers, 
h  a  funnel  /,  in  order  to  gather  the  fibres  together;  in  front  of  these  rollers 
m  both  rows  of  heckles  are  united,  and  proceed  in  one  riband  throngh  that 
s  funnel;  the  rollers  m  n  extend  this  riband,  pressing  it  gently  together, 
it  fall  into  a  tin  can.  The  union  of  the  two  slivers  contributes  to  the 
ice  the  irregular  thicknesses  are  thereby  compensated.  The  diameter  of 
)  equal  to  that  of  each  of  the  cylinders  /,  /i,  /3,  ;  and  the  whole  five 
lal  velocity.  The  same  correspondence  exists  between  the  rollers  n  and  i. 
er  of  flax  is  not  stretched  either  by  its  passage  from  c,  upon  the  heckles, 

1  and  ti,  but  solely  in  passing  from  the  heckles  to  the  rollers  t  h.  The 
of  this  machine  do  not  stand  perpendicularly,  but  are  bent  somewhat 

0  as  to  retain  the  flax  more  firmly.    The  revolving  c}lindrical  brush 
and  a  little  in  front  of  the  pressing  roller  A,  in  order  to  take  oflf  all  the 

ax  adhering  to  their  circumference,  and  to  toss  them  onwards  where  they 
ite  with  the  slivers.  For  the  sake  of  perspicuity,  the  rollers  A,  and  those 
A  out  in  Jig,  440,  but  the  latter  are  particularly  shown  in  Jig,  442,  while  a 
ir  axis  q,  is  however  shown  in  Jig,  440.  The  pressure  of  the  cylinder  A, 
der  t,  is  produced  by  the  weight  r,y!g.  439,  which  hangs  upon  the  lever  «  ; 
(  down  at  i,  a  vertical  rod,  whose  upper  hook-shaped  end  embraces  the  axis 
iddle  of  its  length. 

cipal  operation ;  the  formation  of  romnga, — Mr.  Wordsworth's  improve^ 
linery  for  preparing,  drawing,  and  roving  flax,  hemp,  wool,  and  other  fibrous 
nsists  in  a  novel  contrivance  or  mechanism  to  be  adapted  to  the  machine 
led  the  gill,  employed  for  preparing,  drawing,  and  roving  flax  and  hemp, 
ng  and  spinning  long  wool ;  which  improvements  allow  the  points  of  the 
Jcles  to  continue  longer  in  operation  than  in  the  ordinary  construction  of 

1  the  heckle  points  to  be  withdrawn  from  the  fibres  at  the  end  of  the  stroke 
«sibility  of  their  drawing  the  fibres  down  with  them. 

r  of  eflfecting  this  object  will  be  seen  by  reference  to  the  several  figures 

which  exhibit  a  gill  on  this 
\  improved   plan  in  diflerent 

4  3  views.   Fig.  443  is  a  plan  or 

horizontal  view,  exhibiting  the 
upper  surface  of  the  machine ; 
and  fg.  441  is  a  longitudinal 
section  taken  through  the  mid- 
dle of  the  machine :  Jig,  446 
is  a  representation  of  the  front 
of  the  machine,  but  in  which 
several  parts  have  been  re- 
moved to  show  the  action  of. 
the  heckles  more  perfectly. 

The  severnl  heckles  a  a  a 
are  formed  by  a  series  of 
needles  or  heckle  points  set 
into  a  metal  bar,  as  represent- 
ed on  an  enlarged  scale  in 
Jigt,  446  and  447.  These 
bars  are  each  of  them  sus- 
pended in  a  fhime  or  carriage 
n  two  views  at  figs,  448  and  449)j  by  means  of  double  jointed  levers  c  c, 
ositions,  at  figs,  450  and  451 ;  the  heckle  bar,  its  levers  and  carriage  or 
hown  put  together  in  figs,  452  and  453. 

leckles  are  in  operation,  the  points  are  raised,  as  in  fig.  445 ;  but  when 
Irawn  from  the  fibres,  then  the  points  are  sunk  down  into  the  carrying 
.453. 

;N>sitions  of  the  heckles  are  produced  by  the  knobs  or  parti  i,  that  pr^jfCt 
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IhND  the  joiatai  lerni  e,  MliD(  aftiMt  the  elpn 
to  toeribing  Ike  opeialioM  of  Ike  meehiiw. 


waibe< 


449 


4S3 


■iiiiiiwnffnin«wniinifiiimitii^ 


453 


amicd  and  mBd«  * 
the  nid»  i4f  the  j^p 

tecft  iiq  /^i.  443, 
44S.   These  eniite 

^  A  seen  be?,i  in 

fcml  a;  ^'-rn  b<  ii;  ^ 
448  aad  444.     Tht!  dij 

thiOligh  ike  ina^n^ 
tatotr  ^pur  «rht«b  k  h  }m 
Ap.  413         444«tbe  icilh 

of  tbe  •errra  l  i^rcitlc  eai  i  i^irw 


•lid^^.  ft  tM^ti  of 
fei^  from  tke  ir^t  liftrist 
■haft  wtiici)  ci^^  mttum 
to  all  I Ii ^  o  t't\-n  I  ]  V  ptm  «f 
the  machine-. 


a4gei  of  the  two  fixed  guide  bm  qqHaX  extend  along 


paMediatotheaaehiatatlhi 
fcadi  part  hf  a  feediaf  dtfh 
or  creeper  through  a  ^mk 
It,  best  seen  ia/g*.  4a  md 
444,  and  be  coadueted  aate 
and  orer  the  fecdiag  roUcB 

m,  and  a,  and  o?er  Ik 
heckles  a  a  a  to  the  dravaf 
rollera  o  and  j»,  and  theaee  it 
the  flier  and  bobbin,  or  tot 
receiTiBg  can,  the  fibm  viB 
be  opened  in  their  progvesik 
and  eombed  by  the  poiatt  of 
the  hecklea  enterii^  iato  lai 
leparating  the  fibres,  the  aoi- 
terial  being  drawn  hftLUf- 
ferent  speed  to  that  vitk 
which  the  heekka  trafeL 

This  opeiatioa  oT  prefs^ 
ingy  drawing,  aad  roriaf  fiii 
and  hemp,  and  the  gocnl 
eoastmetioa  of  a  awehineof 
this  kind  being  well  aadcr 
stood,  it  »  not  neeecsarj  it 
explain  its  details,  eice|4iH 
as  respects  those  parts 
eonstitote  the  present  k^ 
prarenkents* 

It  will  be  peiccife^  kf 
refereaee  to  llgt.  441  sal 
444^  that  the  kaobaiLwUek 
prcgeet  ftom  the  jointed  kicn 
e.  as  thejr  travd  aloeg  ths 
chine,  bear  against  the  ciMr 
the  iQpof  the 
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fs,  which  keep  the  heckle  points  raised,  as  in  Jig,  451.  This  will  also  be  rerj 
seen  in  the  front  view  of  the  machine, yi^.  445,  where  the  upper  heckle  bar  a 
n  its  carriage  6,  by  the  knobs  d  d  bearinz  against  the  outer  edges  of  these 
s,  q  q.  But  when  the  endless  chains  e  e,  which  support  and  conduct  the  frames 
es  of  the  heckles,  have  advanced  the  heckle  points  to  within  a  very  little  dis- 
he  drawing  rollers  (see /g.  444),  then  the  knob  d  of  the  jointed  levers  at  each 
*  heckle  bar  passes  the  ends  of  the  guide  bars  q  q^  and  they  immediately  come 
with  two  inclined  planes,  rr,  seen  in yig«.  443  and  444,  which  instantly  depress 
c,  and  consequently  cause  the  heckle  bar  a,  with  its  points,  to  descend  in  the 
rarriage  6,  withdrawing  the  points  from  the  fibres  of  the  material  almost  in  a 
liar  direction. 

ckles  that  have  become  thus  depressed  pass  with  their  carriages  by  the  travers- 
endless  chains  along  the  under  part  of  the  machine,  and  when  they  arrive  at 
and  begin  to  rise,  the  guide  bars  q  q,  being  at  their  commencement  slightly  bent, 
lie  knobs  b  of  the  levers  c  until  they  are  forced  back  into  the  positions  first 
whereby  the  heckle  points  are  raised,  as  they  come  to  the  upper  part  of  the 
nto  effective  operation.  The  fibres  of  material  operated  upon,  after  passing 
le  drawing  process  between  the  rollers,  may  be  roved,  twisted,  or  spun,  by  the 
nt  of  a  bobbin  and  flier,  as  shown  Jig.  444,  or  may  be  delivered  into  a  can,  to 
twisted,  or  spun,  by  other  machinery,  by  substituting  a  pair  of  conducting 
tead  of  the  bobbin  and  flier,  which  shall  conduct  the  sliver  of  material  into  a 
low. 

«ent  of  the  heckles  a  into  their  frames  by  by  the  falling  of  the  levers  c  r,  pre- 
possibility  of  the  fibres  of  the  material  operated  upon  being  carried  down 
machine  by  the  points,  as  frequently  happens  in  gill  machines  of  the  ordinary 
»;  and  this  mode  of  mounting  the  heckles  and  traversing  them  with  the 
of  the  guide  bars  q  q,  and  inclined  planes  r  r,  allows  the  heckle  points  to  be 
uch  nearer  to  the  drawing  rollers  o  p,  by  means  of  the  metal  bars  in  which 
points  or  needles  are  set,  falling  below  the  centre  of  the  endless  chain  e  e, 
in  Jigs,  443  and  444,  and  thereby  affords  the  means  of  preparing,  drawing,  and 
ious  qualities  of  flax,  hemp,  wool,  and  other  fibrous  materials,  particularly 
ive  a  much  shorter  staple  than  any  fibrous  materials  hitherto  operated  upon  in 
nery. 

'  most  ingenious  and  effective  improvement  made  of  late  years  in  the  fiaz 
nachinery,  is  that  patented  by  Messrs.  Westley  and  Lawson,  in  August,  1833, 
then  introduced  into  practice  with  great  advantage.  It  applies  to  the  gill  or 
)  employed  for  opening,  straightening,  and  separatmg  the  fibres  of  flax, 
I  loni;  wool,  in  the  operation  of  slivering.  The  peculiar  feature  here  is  a 
driving  the  heckle  bars  through  the  gill  machine  by  means  of  perpetual 
worm  shafts,  instead  of  by  chains  and  spur  wheels,  as  in  the  former  con- 

kle  bars  which  lie  across  the  machine  are,  by  the  present  patentees,  supported 
ids  by  fixed  horizontal  guide  rails,  on  which  they  slide,  while  the  extremities 
:kle  bars  are  inserted  in  the  helical  grooves  of  the  worm  shafts,  which  are 
lorizontal  positions  at  the  sides  of  the  machine ;  and  hence  the  rotatory  motions 
lese  screw  shafks  cause  the  heckle  bars  to  be  driven  along  the  guide  rails  with 
simultaneous  movement. 

kle  bars  having  performed  their  usual  office,  that  is,  having  combed  and  sepa- 
fibres  of  the  material  as  they  move  onward,  are  at  the  fiont  part  of  the 
epressed  and  put  out  of  operation  by  means  of  rotatory  cams ;  and  by  the  assist- 
tide  levers,  each  heckle  bar,  when  it  arrives  at  the  end  of  the  upper  horizontal 
is  conducted  down  to  the  lower  horizontal  guide  rails,  where  the  extremities 
lb-bars  falling  into  the  helical  grooves  of  a  lower  pair  of  worm  shafts,  revolv- 
»pposite  direction  to  the  former,  thereby  give  the  heckle  bars  a  retrograde 
.  When  they  arrive  at  the  back  end  of  their  horizontal  guide  rails,  they  are, 
rotatory  cams,  raised  again  to  the  upper  horizontal  guide  rails,  which  coming 
rith  the  upper  worm  shafts,  are  moved  onwards  as  at  first, 
means  a  succession  of  heckles  is  continually  advancing  upon  the  upper  guide 
ig  their  points  in  constant  operation  between  the  fibres  of  the  textile  materials, 
'  vertical  position  is  secured  during  their  whole  course. 

\  is  a  horizontal  representation  of  a  gill  machine,  showing  the  present  im- 
I ;  but  some  of  the  upper  portions  of  the  machine  are  removed,  to  let  the  work- 
e  seen  more  clearly.  Fi^,  455  is  a  side  view  of  the  gill ;  and  Jig,  456  a  verti- 
taken  longitudinally.  The  driving  rigger  or  pulley  a  is  fixed  upon  the  front 
mmonly  called  the  drawing  roller,  because  when  pressed  upon  by  the  upper 
ler  c,  it  draws  out  the  fibres  between  them.  The  roUtrs  c,  /,  are  the  ordU 
or  holding  rollers,  for  retaining  the  fibres,  while  they  suffer  powerlVU  trielte 
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by  the  roUers  b,  c,  over  the  needles  or  poinU  of  the  heckle  ban.  The  upper  guide  oi 
above  mentioned,  upon  which  the  heckle  bars  slide,  is  shown  at  f  ,  in  Jig.  456,  and  the 


454 


^  #  lit  it  I 


lower  guide  rail  at  k ;  the  series  of  heckle  bars  with  their  needles  are  represented  at 
tt »  t.  i  i.  t ;  the  upper  worm  siiofts  fe,  fe,  are  mounted  in  brackets  made  fast  to  the  sides 
'  of  the  frame ;  a  similar  pair  of  wons 

455  shafts    being  mounted  in  like  mania 

below.  These  worm  shaAs  and  2,  os 
each  skie  are  connected  together  bf 
toothed  wheels  m,  and  upon  the  aiks 
of  the  lower  worm  shafts,  bevelled  pin- 
ions n  are  fixed,  which  take  into  cor- 
responding bevel  pinions  on  the  trans- 
verse  shaft  or  axle  o.  This  shaft  o, 
being  connected  by  a  train  of  toothed 
wheel  work  with  the  axle  of  the  draw- 
in?  roller  6,  as  shown  in  fig*,  454  and 
455,  the  rotation  of  the  roller  b,  caustt 
the  shaA  o  to  turn  also,  and  the  bcTcl 
gear  n  and  o,  produces  the  rotatory 
motion  of  the  worm  shaAs  and  4 
which  turn  in  contrary  directions. 

It  will  be  seen,  from  fig.  454,  thit 
the  ends  of  the  heckle  bars  t,  have  nibi 
or  projections  which  fall  into  tk 
grooves  of  the  screw  or  worm  shift, 
and  that  being  supported  below,  npos 
their  guide  rails,  as  the  worm>shaAs  kk 
revoWe,  the  upper  range  of  heckle  ban 
will  be  progressively  advanced  lowaidi 
the  front  part  of  the  machine.  By  r^ 
ferring  to  fig.  456  it  will  be  perceired, 
that  as  each  heckle  bar  arrives  at  tke 
front  end  of  the  guide  rail  g,  a  finger^ 


|x>^^       ironi  enu  oi  ine  guiae  ran  g,  a  nn|(rr|> 
called  a  lappet  or  cam,  on  the  shaft  1^ 
\   \  strikes  it  down  to  the  lower  guide  rsih 


h ;  and,  in  order  that  its  descent  nay 
be  truly  vertical,  weighted  levers  g  ftii 
front,  are  made  to  press  against  the  fsee 
of  the  heckle  bar  as  it  descends.  Ths 
bar  having  now  arrived  at  the  lower  guide  rails  h,  lets  fall  its  nibs  into  the  grooves  of 
the  lower  worm  shafts  /,  by  whose  rotation  the  heckle  bar  is  made  to  retrogade,  or  re- 
turn towards  the  back  of  the  machine.  When  the  heckle  bar  has  reached  the  hinder  oii 
of  the  guide  rail  h,  a  finger  or  tappet,  r,  on  the  lower  worm-shafl,  comes  under  it  sad 
raises  the  heckle  bar,  guided  by  the  back-weighted  levers  *,  as  shown  in  fig.  456,  till  it 
is  elevated  to  the  level  of  the  upper  guide  rail  g ;  when  the  threads  of  the  upper  ww» 
shaAs  take  hold  of  its  nibs  as  before,  and  conduct  it  forward  upon  the  guide  rail  in  tbi 
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already  described.   Thus  the  continaed  rotation  of  the  worm  shaAs  k  k  and  /  /, 
es  the  whole  series  of  heckle  bars  to  travel  along  the  guide  rails,  and  the  tappets 
d  r,  by  alternately  depressing  and  raising  them  at  the  ends  of  the  said  raOs,  cauxe 
I  to  move  in  a  regular  circuit,  yet  so  aA  to  preserve  their  verticality. 
le  claim  made  under  this  patent  it  for  every  mode  in  which  screw  or  worm  shafts 

be  adapted  to  conduct  the  bars  carrj'ing  the  needles  or  heckle-teeth  through  a 
line  for  preparing,  drawing,  or  roving  textile  fibres. 

December,  1835,  Messrs.  Hope  and  Dewhurst  obiained  a  patent  for  improvements 
e  manufacture  of  flax,  which  deserve  notice.  These  are  of  both  a  chemical  and 
anical  nature.  The  first  consists  in  steeping  the  flax  in  dilute  sulphuric  acid,  of  a 
in  strength,  and  for  a  certain  time,  proportioned  to  the  quality  of  the  fibres,  the 
er  requiring  the  stronger  application.  By  this  means  the  gummy  matter  and  the 
shell  will  be  loosened  and  easily  detached.  It  is  then  to  be  passed  between  squeez- 
ollers,  afterwards  well  washed,  boiled  in  a  solution  of  soap  and  water  for  a  few 
if  and  finally  passed  again  through  the  rollers.  These  processes  may  be  repeated 
le  flax  acquires  the  desired  glossiness  and  separation  of  fibres.  It  is  next  to  be 
and  passed  once  or  twice  over  an  ordinary  heckle  or  stiff  brash. 

The  second  part,  or  the  me- 
chanical, is  represented  by  the 
figures  457,  458, 459, 460,  and 
461.  Fig.  457  is  a  sectional 
elevation  in  part  of  the  con- 
struction of  the  spindle,  bobbin, 
and  flier,  proposed  for  spin- 
ning all  kinds  of  flax  or  hemp. 
Fig,  458  answers  for  spinning 
coarser  yarns ;  fig,  459  shows 
how  yams  are  to  be  spun  for 
weft,  and  wound  upon  what  is 
called  a    pin  cop  bobbin." 

a  a  a  is  the  stationary  or 
fixed  spindle  of  the  ordinary 
throstle  frame,  which  is  sur- 
rounded by  the  tube  b  b,  and 
connected  to  the  wharve  or  pul- 
ley c,  by  which  the  flier  d  is 
driven.  The  flier  is  furnished 
with  guides  or  conductors,  e  e, 

  which  lead  the  yam  immedi- 

r  to  the  bobbin ;  this  flier  is  also  provided  with  a  small  central  shafl  which  supports  it, 
funs  in  the  small  cup  or  recess  at  the  top  of  the  stationary  spindle  a,  and  is  fixed  with 
Sier  to  the  tube  6  6,  which  is  altogether  carried  round  or  driven  by  the  wharve  c. 
trill  be  seen  by  fig,  460  that  the  wharve  c  and  tube  6  are  connected  at  bottom 
I  half-lap  coupling  joint  or  clutch ;  this  is  for  the  purpose  of  allowing  the  tube  6  to  be 
ten  up  the  spindle,  and  more  readily  removing  the  bobbin  when  it  is  full  of  yam, 
lont  stopping  the  frame,  or  removing  the  band  from  the  wharve  c,  the  tube  of  which 
i  m  the  step  or  cup  h,  fixed  upon  the  bolster  rail  near  the  bottom  of  the  throstle  frame, 
traversing  of  the  bobbin  or  the  copping  motion  is  effected  exactly  in  the  same  man- 
as  in  ordinary  throstles,  that  is,  by  the  Ming  and  lowering  of  the  copping  rail  t, 
!h  in  this  instance  supports  the  bobbin.  In  fig,  458  the  flier  is  constructed  of  twice 
length  of  the  bobbin,  to  allow  this  to  rise  and  fall  freely  within  it,  and  is  connected 
Dp  by  a  slight  cross  piece,  for  the  purpose  of  preventing  the  arms  of  the  flier  from 
lading  by  the  centrifugal  force,  when  turning  with  great  velocity.  The  flier  for  spin- 
:  coarse  numbers  requires  to  have  an  inner  tube,  kf  to  support  the  spindle.  The 
ans  are  supported  upon  a  washer,  / 1,  The  spindle  is  allowed  to  revolve  in  a  slight 
«e  by  the  friction  of  the  drag-weight  m  m.  This  weight  has  a  hole  formed  in  it 
1  a  flat  side,  as  shown  in  fig,  461. 

lax  has  been  for  a  long  period  spun  wet  in  the  mills ;  a  method  no  doubt  copied 
I  the  practice  of  housewives  moistening  their  yam  with  their  saliva  at  the  domestic 
el.  Within  a  few  years  the  important  improvement  has  been  introduced  of  sub- 
ling  hot  for  cold  water,  in  the  troughs  through  which  the  fibres  in  the  act  of 
afaig  pass.  By  this  means  a  much  finer,  smoother,  and  more  uniform  thread  can 
pun  than  in  the  old  way.  The  flax  formerly  spun  to  twelve  pounds  a  bundle  is, 
.  bot  water,  spun  to  six.  The  inconvenience  of  the  spray  thrown  from  the  yarn  on 
fliers  remains,  aggravated  by  increased  heat  and  dampness  of  the  room  where  this 
process  goes  on.  Being  a  new  expedient,  it  receives  daily  changes  and  ameliora- 
k   When  first  employed,  the  troughs  of  hot  water  were  quite  open;  they  axe  now 
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usually  eovered  in,  so  as  almost  entirely  to  obviate  the  objections  to  which  they  vere 
preyiously  liable.  With  the  covers  has  been  also  introdaced  a  new  method  of  pieceaiB^ 
or  joining  on  any  end,  which  may  have  been  ran  down,  namely,  by  splicing  it  to 
the  adjoining  roving,  whereby  it  is  carried  through  the  water  without  impofinc  i 
necessity  on  the  spinner  to  put  her  hand  into  the  water  at  all.  In  some  places  sbe 
uses  a  wire,  for  the  purpose  of  drawing  through  the  end  of  the  roving  to  mend  a  farokei 
yarn. 

This  may  be  considered  the  inherent  evil  of  flax-spinning, — the  spray  thrown  off  hj 
the  wet  yarn,  as  it  whirls  about  with  the  flier  of  the  spindles.  A  working  dress,  indeed, 
is  generally  worn  by  the  spinners ;  but,  unless  it  be  made  of  stuff  impermeable  to  water, 
like  Mackintosh's  cloth,  it  will  soon  become  uncomfortable,  and  cause  injury  to  health  bf 
keeping  the  body  continually  in  a  hot  bath.  In  some  mills,  water-proof  doth  and  lettkcr 
aprons  ha\*e  actually  been  introduced,  which  are  the  only  practicable  remedy;  for  the 
free  space  which  must  be  leA  round  the  spindles  for  the  spinner  to  see  them  play,  ii  'mr 
compatible  with  any  kind  of  fixed  guard  or  parapluie. 

There  was,  bf^fore  the  late  Factory  Bill  passed,  a  class  of  very  young  chiUrei 
employed  in  the  flax  mills,  under  the  name  of  little  doffers,  forming  generally  a  troop  cf 
from  four  to  ten  in  each  spinning-room,  who,  the  moment  they  perceived  the  bobbiBSof 
any  frame  or  side  of  a  frame  exhausted  of  roving,  ran  together,  and  furnished  it  witk 
full  ones  as  quickly  as  possible.  They  were  not  numerous  in  alt,  but  they  had  an  oceo- 
pation  requiring?  a  great  activity  and  attention.  It  was  practised  also  in  the  fine  spit- 
ning-rooms,  which  are  perfectly  free  from  dust ;  and,  as  it  involved  a  kneeling  tod 
stooping  position,  seemed  peculiarly  appropriate  to  children,  and  is  still  done  by  them  at 
a  somewhat  more  advanced  age. 
The  adjoining  Jig,  462  will  serve  to  explain 
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the  mechanism  by  which  the  fiie 
spinning  of  flax  is  performed.  Tlie 
iront  pair  of  drawing  rollers  repre- 
sented at  r  was  at  one  time  moist- 
ened  by  letting  water  trickle  npoa 
it,  from  a  vessel  b,  furni^shed  vith 
a  stopcock  placed  a  little  above, 
or  by  immersing  one  half  of  the 
under-roller  in  the  water-troush  » 
at  A.    The  roller  pair  c,  vhich 
receives  the  fine  rovin^s  from  b(»b. 
bins  placed  on  skewers  or  upright 
pins  in  the  creel   behind,  so 
mounted   as  to  be  fixed  at  any 
desired  distance  from  the  front  roll- 
ers F.     This  distance  shouM  be 
always  a  little  more  than  the  ay^ 
rage  length  of  the  filaments  of  the 
line;  for  if  it  were  equal  to  il,  Ihej 
would  be  seized  at  both  ends  by  the 
two  pairs  of  rollers,  which  more 
with  different  velocities,  and  wooU 
be  torn  asunder,  instead  of  bring 
drawn  out  alongside  of  each  other. 
The  front  rollers,  indeed,  move  in 
many  such  machines  four  tines 
faster  ihnn  the  back  pair.  TherfSt 
of  this  flax-spinning  apparaias  r^ 
sembles  in  every  respect  the  IhroMle 
frame  of  the  cotton-spinner.  The 
thread,  as  it  escapes  from  the  front  rollers,  nets  twisted  by  the  spindle  and  flier,  twl 
wound  up  in  constant  progression  on  the  bobbin,  the  roolion  of  the  latter  being  relard«i 
either  by  a  washer  of  leather  beneath  its  lower  end,  or  sometimes,  as  shown  in  lb* 
figure,  by  a  weighted  lever  ir,  suspended  from  a  cord,  which  embraces  the  pulley-grwre 
turne<i  on  the  lower  end  of  the  bobbin.    This  friction  of  this  cord  on  the  pulley,  whicli 
may  be  varied  by  changing  the  length  of  leverage  ^t  which  the  weight  acts,  gives  ^ 
bohbin  the  requisite  retardation  for  windinc  up  the  yarn. 

The  bobbin  «,  at  the  same  time  that  it  has  this  retarded  movement  of  revolution  o 
its  axis,  has  another  motion  up  and  down  on  the  spindle  i,  to  piesent  itself  at  di/ferrnl 
points  to  thf  thread,  and  to  cause  the  equal  distributii>n  of  this  over  the  surface  of  th< 
bobbin-barrel.  This  latter  motion  is  given  by  a  double  eccentric  i.,  which,  by  turainf 
slowly  on  its  axis,  makes  the  balance- iever  m  oscillate,  and  thereby  raises  or  deprewrt 
the  bobbin-raU  with  its  row  of  spindles,   n  is  a  section  of  the  long  tin  dniiD»  vhich 
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ds  the  whole  breadth  of  the  frame,  and  communicates  its  rotatory  motion,  derived 
the  steam-pulley,  to  the  spindles,  by  the  intervention  of  the  endless  cotton  cords  o, 
lo  to  the  fluted  rollers  c,  r,  and  to  the  axis  of  the  heart-shaped  or  eccentric  wheel  u 
ing  in  an  endless  screw. 

e  ratio  of  the  velocity  of  the  rollers  of  supply  c,  with  the  front  or  delivering  rollers 
d  with  the  spindles,  is  proportional  to  the  fineness  of  the  yam.  For  low  nombersy 
rauclit  is  usually  fourfold.  The  speed  of  the  spindles  also  varies  with  the  quality 
e  yarn,  according  as  it  is  intended  for  warp  or  weft ;  the  former  requiring  more 
than  the  latter;  but  never  so  much  as  to  cause  it  to  snarl  into  a  knot,  when  leA  free 
m  on  itself. 

e  of  the  most  important  improvements  hitherto  made  in  the  spinning  of  flax  is  that 
hich  James  Kay,  of  Preston,  obtained  a  patent  in  July,  1825.  Its  peculiar  feature 
!  maceration  in  warm  water  of  the  slivers  or  rovings,  previously  to  spinning  them, 
adociini?  them  into  tin  cans,  with  open  bottoms,  fitted  into  circular  boxes  having 
like  a  cullender,  and  immersed  into  a  trough  of  warm  water.  The  slivers  as  they 
from  (he  rollers  are  let  fall  through  the  cans  into  these  boxes,  when  they  are  to  be 
tedly  pressed  and  beaten  down  by  a  plunger,  or  the  action  of  rollers,  as  may  be  most 
mient.  The  material  must  be  thoroughly  freed  froin  air,  and  macerate).  After 
ir  six  hours  it  is  to  be  removed  from  the  water,  and  placed  in  its  compressed  state 
;  back  part  of  a  drawing  and  spinning  machine.  The  cake  being  now  turned  over, 
ad  of  the  roving  first  deposited  in  the  can  is  drawn  out  with  care,  then  raised  up, 
«ssed  over  a  tension  roller  to  the  drawing  'apparatus.  The  first  pair  of  rollers  for 
rawing  process  merely  retains  the  filaments  ;  while  at  a  distance  of  two  inches  and 
*  the  drawing  rollers  are  placed.  Both  are  fluted,  fur  the  purpose  of  taking  firm 
>f  the  material ;  and  the  drawing  pair  is  made  to  move  eight  times  quicker  than  the 
lin?.  As  the  flax  fibres  have  in  this  state  little  or  no  elasticity,  and  as  they  adhere 
y  in  their  macerated  condition,  the  drawing  rollers  must  be  placed  thus  close  to 
Mainiiig  rollers,  and  being  made  to  move  at  a  proper  speed,  produce  an  extremely 
lated  thread. 

e  adjoining  table  represents,  in  three  compartments,  the  most  important  rooms  in  a 
nill,  viz.  : — 

The  tow  preparing  room. 
The  line  preparing  room  for  the  long  flax. 
.  One  room  of  spinning  machines  as  a  pattern  for  the  rest. 
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lap  machine ;  b,  4-feet  breaker  card ;  c,  3  feet  6  inches  ditto ;  r,  3-feet  finisher 
3  workers ;  e,  cut  tow,  second  drawing,  5  lieads ;  f,  cut  tow,  first  drawing,  4  heads  j 
t  tow,  reg.  roving,  32  spindles ;  h,  4-ireet  breaker  card;  i,  4-feet  finisher  ditto;  x, 
tow,  first  drawing,  3  heads;  l,  long  tow,  second  drawing,  4  heads;  m,  long  tow 
;  4  spindles. 
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A,  cut  line,  first  drawing;  b,  cut  line,  second  llnwiii|r«  4  hmls;  c,  eat  liDe,tkiii 
drawing,  5  heads  ;  d,  cut  line,  reg.  roving  32  spindles  Cftch ;  x,  lo^  line,  first  dimwiig ; 
r,  long  line,  second  drawing,  3  heads  each ;  o,  long  line,  third  drawing,  4  heads  esch;  i, 

lung  lin?,  roving  16  spindles. 

^  SPIWNING  BOOM.  4^5 
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I.  The  line  preparing  room  comprehends  :  — 

1.  Heckling  machines  with  heckles. 

2.  Line  spreaders,  or  first  drawing  slivers. 

3.  Frames  for  the  second  drawing,  of  3  heads  each. 

4.  Frames  for  the  third  drawing,  of  4  heads  each. 

5.  Rovini;  frames  of  16  spindles  each. 

6.  Spare  fallers  for  first  drawing  with  gills. 

7.  Ditto  ditto  for  second  and  third  drawing  with  ditto. 

8.  Ditto  ditto  for  roving. 

II.  The  cut  flax  line  preparing  room :  — 

1.  Sets  of  heckling  frames  (eccentric.) 

2.  Cutting  or  breaking  machine. 

3.  Line  spreaders  or  drawing  ditto. 

4.  Frames  for  second  drawing,  4  heads  each. 

5.  Ditto  third  ditto,        5  ditto. 

6.  Ditto,  re(;uIator  roving,  32  spindles  each. 

7.  Spare  fallers  with  gills  for  first  drawing. 

«.  Ditto,  ditto  for  second  and  third  ditto. 

[K  Ditto,  ditto,  with  ^ills  for  rovinsr. 

III.  Lon?  or  uncut  flax  tow  preparation  :  — 

1.  Lap  machine. 

2.  Jlreaker  card-*,  4  feet  diameter. 

3.  Finisher  ditto,  ditto. 

4.  I'rames  for  f\rr>l  drawing,  3  heads  each. 

5.  Ditto  f(»r  second  drawini?,  3  heads  each. 

6.  Ditto  for  rovinsr,  16  spindles  each. 

7.  Spare  fallers,  with  ?ills  for  first  and  second  drawing. 

8.  Ditto,  ditto,       ditto,       for  roving. 

IV.  Cut  flax  tow  preparation  :  — 

1.  Lap  machine. 

2.  First  breaker  cards,  4  feet  diameter. 

3.  Sfcond  ditto,  ditto,  3  feet  6  inches  ditto. 

4.  Finisher  cards  with  8  workers. 

5.  First  drawin^^  frames,  of  4  heads  each. 

6.  Second  ditto,  ditto,      of  5  ditto. 

7.  Frames  f<;r  regulator  roving,  32  spindles  each  frame, 
s.  Spare  fallers  with  gills  for  first  and  second  drawing. 

9.  Ditto,  ditto,  for  roving. 

V.  Spinnins;  ruoms  for  both  lines  and  tows  : — spindles  in  frames  in  a  number  propor- 

tional to  the  number  of  the  above  preparation  machines;  and  consequentljr  to 
the  quantity  and  quality  of  the  flax  yarn  intended  to  be  spun. 

VI.  Utensils  and  tools  ;  such  as  cards  clothing  with  needle  pointed  filleting. 
Observations  upon  the  above  statement  of  the  series  of  machinery  requisite  in  i 

liKxlern  flax  mill  of  the  most  improved  construction  :  — 

The  long  or  uncut  flax  to  be  spun  into  yarns  averaging  30  leas  per  lb. 

Each  heckling  machine  will  produce  about  4^  cwts.  per  day,  which  woold  be  distrf* 
hutod  into  200  lbs.  of  line,  and  266f  of  tow. 

The  total  with  3  machines  would  be  therefore  600  lbs.  of  line,  and  800  lbs.  of  tow. 

Tlie  preceding  statement  contains  three  systems  of  line  preparing,  each  system  beisg 
composed  of — 


FLAX. 


ill 


1  line  spreader,  or  fint  drmwiDg ; 

1st  frame  of  3  heads ;  2d  ditto,  2  slivers  each ; 

1  ditto  of     4  ditto ;  3d  ditto,  ditto  ditto; 

2  ditto  rovings,  of  32  spindles,  whidi  are  capable  of  supplying  about  640 
spinning  do. ; 

1  line  spreader  being  allowed  for  contingencies. 
The  abore  statement  contains  3  systems  of  tow  (nncut)  preparation,  each  system  being 
omposed  of— 

1  breaker  card; 

2  finisher  ditto ; 

1  frame  of  first  drawing,  3  heads  of  4  sliyers  each; 
1  ditto       second  ditto,  4  ditto,      4  ditto  ditto; 

2}  ditto  rovings,  or  37  spindles,  which  are  capable  of  supplying  about  660  spinning  do. ; 

1  lap  machine  being  sufficient  for  2  or  3  systems ; 

1  extra  finisher  is  deemed  desirable. 
Tlie  statement  contains  2  systems  of  heckling  machines  for  cut  flax,  a  system  consisting 
if  either  8  or  ten  machines ;  for  the  coarser  work,  8  machines  in  succession,  finer  and 
Ikt,  are  sufficient;  but  for  the  finest,  10  or  12  are  required.  Each  system  wiU  produce 
Ktween  2  and  300  lbs.  per  diem  of  raw  fiax,  heckled,  divided  on  the  average  into  170 
be.  line,  280  lbs.  tow,  which  will  about  equal  the  supply  of  the  5th  system  ecmtained  im 
he  statement,  each  consisting  of— 

1  line  spreader  or  1st  drawing ; 

1  frame  2d  drawing ;  4  heads,  4  slivers  each ; 

1  ditto  3d  ditto,       5  ditto,  4  ditto  ditto ; 

1  ditto  roving,  32  spindles ; 

and  are  capable  of  sapplying  about  480  ditto,  of  spinning. 
The  statement  contains  2  systems  of  tow  (cut  flax)  preparings^  each  system  beieg 
omposed  of— 

2  second  breaker  cards : 
4  finishers  ditto ; 

4  frames  1st  drawing,  4  heads,  each  4  slivers ; 
4  ditto    2d  ditto,      5  ditto  ditto    4  ditto ; 
4  regalator  rovings,  128  spindles ; 

and  are  capable  to  supply  about  1800  spinning  ditto. 
1  first-breaker  card  and  lap  frame  are  sufficient  to  2  or  3  systems, 
lemiiiary  view : — 

Long  or  uncut  line  3  systems  of  640  spindles  =  1920 
Ditto      —     tow  3  ditto        660  ditto         1980  3900 

Cot       —     line  5  ditto         480  ditto  2400 
Ditto     —     tow  2  ditto        1800  ditto         3600  6000 

Total  of  spinning  spindles,  9900 
3900  spindles,  at  an  average  of  30  leas  yam  per  lb.,  wouM  turn  o£r  9  leas  per  spiadle 
er  diem,  with  waste  circa  1400  lbs. 

fOOO  spindles,  at  an  average  of  100  leas  yam  per  lb.,  would  turn  off  6  leas  per  tpiiidle 
er  diem,  with  waste  circa  450  lbs. 

'ems  produced :  £.  9,dm 

Of  average  30  leas  per  lb.  per  week  drca  1090  boles  at  9f .  472  10  0 

Of  ditto    100  ditto    —    —  1080    —  486  0  0 


Total  weekly  produce,  2130  958  10  0 

£.  $.d. 

f  eddy  charges,  wages,  dec.  -  -  150  0  0 
Flax  -  -  -  -  400  0  0 
Weekly  expenses       -  40  0  0 

Interest  on  60,000/.  >  120  0  0  710  0  0 


10  per  annum 


Weekly  profit  248  10  0 
Meesnres  of  flax  yam,  and  statistics  of  the  linen  trade  for  the  United  Kingdom. 
One  lea  of  flax  yam  at  Leeds  is  =s  300  yards. 
One  spindle  Scotch  =38  leas  =  11400  yards. 

One  rand  =  6  ditto  r=    1800  ditto. 

One  dozen  is  12  rands  =i  72  ditto  =  21600  ditto. 

When  yam  is  estimated  in  Nos.  it  implies  the  number  of  leas  in  one  pound  weight; 
•  in  cottojL  it  means  the  number  of  hanks  of  840  yirds  each  in  tne  pouML 
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11m.  Hi. 
8ll»m  74«I,BM 

Mtihtiwtijbr  tuMwtfiimt 

mjm  728,141 
Lian  yini  exported    ...  8,611,216 
Linen  maBaTMtQret  exported,  indadiiif 
flu  yarn,  declared  value      -        -£3,808,139        £8,645,097  £^i^^ 
FLINT.  (Pkm  d  fiuU^  Fr.i  FmmMi^  Gem.)    Tbe  fm^^ure  <^  Uii  AmU  b 
perfeetly  eonehokle],  eoiiietiiiies  gloetj,  ud  ecirtimfe  doD,  mt  the  stirfM.  it  k 
bud,  bm  breaks  easilf ,  and  aAnds  venr  ■barp.edged  Mdiatefy  fra^menu ;  wbeaee  ft  a 
a  stone  which  strikes  most  copkrat  spans  with  stedL  n  Is  Mtij  i^nslueid,  hM  m  be 


and  homoccneoQS  a  texture  as  to  bear  polishing,  but  possesses  fittle  In^re.   Iia  efifevi 


are  very  Tarkras,  bnt  aerer  Tifid.  The  bladdsh-brovn  flnt  is  that  wmmMj  fenad  laiita 
vU|B  chalk.  It  is  neartj  black  and  opaqie,  kaes  its  eobr  in  th«  Ar,  and  ImMi 

eSflilewhite  and  perfectly  opeqie.  Fliats  oeenr  almost  alwafa  in  iwiiMlLi  or  Mtem 
eonerelkms  of  wkms  and  very  frrefalar  forms.  These  aodttles  4iitllhaiei  la  mm 
amoag  the  chalic,  alongside  of  one  aaotlier  and  almost  in  eontsi^  fortn  pxten^i?e 
Jntermpted,  indeed,  by  a  moUitnde  of  void  spaces,  so  as  to  met^nt,  if  iVtc^l  trnin  ik 
earthy  matter  in  which  they  are  imibedded,  a  ^eeies  of  nelwx  with  m^he^  wj  ia^ 
alar  both  in  fbrm  and  dimenskm. 

The  nodnles  of  silex,  especially  those  fimnd  in  the  chalk,  an  inl 
aadsolid.  Sometimes  there  is  remarked  an  organic  ibrm  lownids  ~ 
fcpore  or  a  shel^  whidv,seems  lo  hsTe  served  as  their  nndenss  i 
ii  koUow,  and  its  sUes  are  stndded  over  with  crystals  of  qnutiu  m 
ites^  concretKNiary  silex  or  calcedony,  filled  with  pnlvendent  sili%^ 
mixed  with  solphnri  a  very  singular  drenmstance. 

Flints  are  observed  to  be  generally  homid  when  broken 
ont  of  the  grotind ;  a  property  which  disappears  after  a  short  exi 
dried  they  became  more  brittle  and  SMire  spUnteij,  and  somel 
covered  at  old  fVaetnres  with  a  thin  fihn  <nr  cmst  of  opaqne  sQex, 

Flints  calcined  and  ground  to  a  powder  enter  into  the  composiiion  of  bU  sorts  «r  A>e 
pottery  ware. 

The  next  important  application  of  this  silicions  snbstance  is  in  the  fbrmation  of  fsn> 
flints,  for  which  purpose  it  roust  be  cut  in  a  peculiar  manner.  The  following  charKtot 
distinguish  good  flint  nodules  from  such  a;  are  less  fit  for  being  manufactured.  Thebert 
are  somewhat  convex,  approaching  to  globular;  those  which  are  very  irregular,  kaobbfd; 
branched,  and  tuberose,  are  generally  full  of  imperfections.  Good  nodules  seldom  weigh 
more  than  20  pounds ;  when  less  than  2,  they  are  not  worth  the  working.  They  shodi 
haye  a  greasy  lustre,  and  be  particularly  smooth  and  fine  grained.  The  color  may  wf 
ih>m  honey-yellow  to  blackish-brown,  but  it  should  be  uniform  throughout  the  loop,  asd 
*  the  translucency  should  be  so  great  as  to  render  letters  legible  through  a  slice  about  oae 
fiftieth  of  an  inch  thick,  laid  down  upon  the  paper.  The  fracture  ahould  be  perfectly 
smooth,  uniform,  and  slightly  conchoidal ;  the  last  property  being  essential  to  the  cnttiaf 
out  of  perfect  gun  flints. 
Four  tools  are  employed  by  tbe  gun-flint  makers. 

First,  a  hammer  or  mace  of  iron  with  a  square  head,  from  1  to  2  pounds  weight,  viti 
a  handle  7  or  8  inches  long.  This  tool  is  not  made  of  steel,  because  so  hard  a  metal 
would  render  the  strokes  too  harsh,  or  dry,  as  the  workmen  say,  and  wouM  shatter  the 
nodules  irregularly,  instead  of  cutting  them  with  a  clean  conchoidal  fracture. 

Second,  a  hammer  with  2  points,  made  of  good  steel  well  hardened,  and  weighing  fivn 
10  to  16  ounces,  with  a  handle  7  inches  long  passing  through  it  in  such  a  way  that  the 
points  of  the  hammer  are  nearer  the  hand  of  the  workman  than  th»  centre  of  grarity  of 
the  masa. 

Third,  the  disc  hammer  or  roller,  a  small  solid  wheel,  or  flat  segment  of  a  cyiisder, 
parallel  to  its  base«  only  two  inches  and  a  third  in  diameter,  and  not  more  than  12oaBea 
in  weight.  It  is  formed  of  steel  not  hardened,  and  is  fixed  upoa  a  handle  6  inchm  kwft 
which  passes  through  a  square  hole  in  its  centre. 

Fourth,  a  chisel  tapering  and  bevelled  at  both  cxtremitiM,  7  or  8  indies  ku^  ss<  t 
inches  broad,  made  of  steel  not  hardened ;  this  is  set  on  a  falodc  of  wood,  which  lervei 
also  for  a  bench  to  the  workmen.  To  these  4  tools  a  file  mnit  be  added,  for  the  psrpoie 
of  restoring  the  edge  of  the  chisel  from  time  to  time. 
AAer  selecting  a  good  mass  of  flint,  the  workman  exeentes  the  following  foor  open- 
ons  on  it. 

U  Hibnakitk^bbKk.  Being  seated>pon  the  gmwidi  he  pbeei  tktt  aodide  of  lilt « 
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his  left  thigh,  and  applies  slicht  strokes  with  the  square  hammer  to  divide  it  into  smaller 

5ieces  of  about  a  pound  and  a  half  each,  with  broad  surfaces  and  almost  even  fractures. 
:*he  blows  should  be  moderate,  lest  the  lump  crack  and  split  in  the  wrong  direction. 

2.  He  cleaves  or  chips  the  JlitU,  The  principal  point  is  to  split  the  flint  well,  or  to 
chip  off  scales  of  the  length,  thickness,  and  shape  adapted  for  the  subsequent  formatkm 
of  gun  flints.  Here  the  greatest  dexterity  and  steadiness  of  manipulation  are  necessary  ; 
but  the  fracture  of  the  flint  is  not  restricted  to  any  particular  direction,  for  it  may  be 
chipped  in  all  parts  with  equal  facility. 

The  workman  holds  the  lump  of  flint  in  his  leA  hand,  and  strikes  with  the  pointed 
hammer  upon  the  edges  of  the  great  planes  produced  by  the  first  breaking,  whereby  th# 
"White  coating  of  the  flint  is  removed  in  small  scales,  and  the  interior  body  of  the  flint 
is  laid  bare ;  aAer  which  he  continues  to  detach  similar  scaly  portions  from  the  clean  mass. 

These  scaly  portions  are  nearly  an  inch  and  a  half  broad,  two  inches  and  a  half  long, 
and  about  one  sixth  of  an  inch  thick  in  the  middle.  They  are  slightly  convex  below, 
and  consequently  leave  in  the  part  of  the  lump  from  which  they  were  separated  a  space 
slightly  concave,  longitudinally  bordered  by  two  somewhat  projecting  straight  lines  or 
ridges.  The  ridges  produced  by  the  separation  of  the  first  scales  must  naturally  consti- 
taie  nearly  the  middle  of  the  subsequent  pieces ;  and  such  scales  alone  as  have  their 
ridges  thus  placed  in  the  middle  are  fit  to  be  made  into  gun-flints.  In  this  manner  the 
workman  continues  to  split  or  chip  the  mass  of  flint  in  various  directions,  until  the  de- 
fects usually  found  in  the  interior  render  it  impossible  to  make  the  requisite  fractures, 
or  until  the  piece  is  too  much  reduced  to  sustain  the  smart  blows  by  which  the  flint  is 
divided. 

3.  He  fashions  the  gun-Jlints.  Five  different  parts  may  be  distinguished  in  a  gun-flint, 
1.  The  sloping  facet  or  bevel  part,  which  is  impelled  against  the  hammer  of  the  lock.  Its 
thickness  shoukl  be  from  two  to  three  iwclAhsof  an  inch ;  for  if  it  were  thicker  it  would 
be  too  liable  to  break ;  and  if  more  obtuse,  the  scintillations  woukl  be  less  vivid.  2.  The 
sides,  or  lateral  edges,  which  are  always  somewhat  irregular.  3.  The  back  or  thick  part 
opposite  the  tapering  edge.  4.  The  under  surface,  which  is  smooth  and  rather  concave. 
And  5.  The  upper  face,  which  has  a  small  square  plane  between  the  tapering  edge  and 
the  back,  for  entering  into  the  upper  claw  of  the  cock. 

In  order  to  fasliion  the  flint,  those  scales  are  selected  which  have  at  least  one  of  the 
above  mentioned  longitudinal  ridges ;  the  workman  fixes  on  one  of  the  two  tapeiing  bor- 
ders to  form  the  striking  edge,  atier  which  the  two  sides  of  the  stone  that  are  to  form  the 
lateral  edges,  as  well  as  the  part  that  is  to  form  the  back,  are  successively  placed  on  the 
edge  of  the  chisel  in  such  a  manner  that  the  convex  surface  of  the  flint,  which  rests  on 
the  forefinger  of  the  left  hand,  is  turned  towards  thot  tool.  Then  with  the  disc  hammer 
he  applies  some  slight  strokes  to  the  flint  just  opposite  the  edge  of  the  chisel  underneath, 
and  thereby  breaks  it  exactly  along  the  edge  of  the  chiseL 

4.  The  finishing  operation  is  the  trimming,  or  the  process  of  giving  the  flint  a  smooth 
and  equal  edge;  this  is  done  by  turning  up  the  stone  and  placing  the  edge  of  its  tapering 
end  upon  the  chisel,  in  which  position  it  is  compleied  by  5  ur  fi  slight  strokes  of  the  disc 
hammer.  The  whole  operation  of  making  n  gun-flint,  which  I  have  used  so  many  words 
to  describe,  is  performed  in  less  than  one  n)inute.  A  (rood  workman  is  able  to  manufac- 
ture 1000  good  chips  or  scales  in  a  day  (if  the  flint-bails  be  of  good  quality),  or  500  gun- 
flintit.  Hence,  in  the  space  of  3  days,  he  can  easily  cleave  and  finish  1000  gun-flints 
without  any  assistance. 

A  great  quantity  of  refuse  matter  is  left,  for  scarcely  more  than  half  the  scales  are 
good,  and  nearly  half  the  mass  in  the  best  flints  is  incapable  of  being  chipped  out ;  so 
that  it  seldom  happens  that  the  iari^est  noduirs  furnish  more  than  50  ^un-flints. 

Flints  form  excellent  building  maleiinls ;  because  they  give  a  firm  hold  to  the  mortar 
by  their  irregularly  rough  surfaces,  and  resist,  by  their  nature,  every  vicissitude  of  weather. 
The  counties  of  Kent,  Essex,  Suffolk,  and  Norfolk,  contain  many  substantial  specimens 
of  flint-masonry.  ^ 

FLOSS  of  the  puddling  furnace,  ifi  the  fluid  glass  floating  upon  the  iron  produced  by  the 
▼itrification  of  the  oxydes  and  earths  which  arc  present. 

FLOSS-SILK  {Filonfile,  Bourre  de  joi>,  or  Jleuret,  Fr.)  is  the  name  given  to  the 
portions  of  ravelled  silk  broken  off  in  the  filature  of  the  cocoons,  which  is  carded  like 
cotton  or  wool,  and  spun  into  a  soft  coarse  yarn  or  thread,  for  making  bands,  shawls, 
socks,  and  other  common  silk  fabrics.  The  floss  or  ilcuret,  as  first  obUined,  must  be 
steeped  in  water,  and  then  subjected  to  pressure,  in  order  to  extract  the  eummy  matter, 
which  renders  it  too  harsh  and  short  for  the  spinning-wheel.  After  being  dried  it  is 
made  still  more  pliant  by  working  a  little  oil  into  it  with  the  hands.  It  is  now  ready 
to  be  submitted  to  the  carding  engine.  See  Cotton  Manufacture.  It  is  spun  upon 
the  flax  wheel. 

The  female  peasants  of  Ix}mbardy  generally  wear  clothes  of  homespun  floss-silk.  Of 
late  yearsy  by  improved  processes,  pretty  fine  fabrics  of  this  material  have  been  pro- 


m  FLowBSi  iinnouL 

dosed  both  la  Eai^uid  and  Fkuee.  M.  Afa^oT  L^oM,  ymaled  «t  «M  aTtttlVwh 
Mlioaal  exIubiUoat  of  the  oljeeU  ofiadattn,  a  gnat  fatfalsr  ofaeaift  aad  wymt  J^ai^ 
af  tpam  di  io<^  doaely  waembliag  thoee  of  cadtoafca. 
fXOUBi  tlie  liaely  groand  awai  of  wiwai,  aad  of  aay  etiwr  a—a  ar  wwlia  In 

FLOUR  OF  WEtBAT,  ddMattmMiat     to  dMf. 

The  firat  bkUkmI  it  by  ipociie  grafity.  IT  potato  floar  bo  added,  whkfc  ii  fcin^r 
doao  in  Fimacey  sinee  a  Tonel  which  eoataUn  one  poaad  of  wheat  flnar  «iB  coaii&ivi 
poaad  and  a  halfof  the  laeBia,tho  proportaoa  of  thie  adateallBa  Mf  he  maStfrnlOmttiiL 
If  gypm  or  fioand  boaee  be  Buxad  with  the  Ifaiar,  they  Witt  aoc  ea^lMVM 
atiU  MOb  bat  they  will  iwain  aOer  baimiag  away  the  bbbL 

The  eeeond  nelhod  it  by  atetrtaiaiag  the  qaaatity  of  gtatea  whieh  aaapailidiM* 
fie  will  ailbfd,  by  tha  iiroeeBt  pitteribed  aader  the  artkle  BaaAft.  Tka  tMMM« 
choBMcal  criteria  may  alto  be  eaqtloyed. 

UL  Nitric  add  hat  the  property  of  cetoriag  wheat  Itoarof  aiaa  nraaga  |alliW^wiM» 
at  it  afleeto  the  eclkirnelthcr  of  Ibcnla  nor  ataich. 

Sd.  Paca  lanriatie  add  eolort  good  wheat  floar  of  a  deep  ▼Met,  bai  dlaatNitilvIl 
ar  ttaichi  aad  fonaa  with  it  a  ^ht,  aoloiltti^  vlteoaa  llaid»  deeoaipaeahle  hv  iJhlfeb^t 
nay  alto  be  obeenwd,  thai  at  Kcaia  ahaorba  km  water  than  ftw*  Ihli  mt^^mUl 
maaaofdeiectioa. 

Thaadolteiatioa  withbeaaor  peaflwBBybadeteetedbypoaiiBgbaaiBgVBHiiM  | 
1^  wUdi  dofdopet  the  pecaliar  iBdl  of  theta  two  oa^^ 

FLOWERS  (FliartyFr.  I  Bfotifa,  Ocna.)  of  beaaoiai  of  ndphnr,  of  siae^  tevlitti  i 
appelMaioB  aim  by  the  older  cbtailiu  to.  each  aabataaeetat  ware  oblaiMd  is  •.prim- 
aleat  ar  nther  adaatehr  cryetalUaa  ibrai  by  the  proeait  of  eablhatitoa. 

FLOWERS^  ASOXnCLIL^  MANUFACTURE  OT.  Tha  art  of  iF|iMiiHig  If 
iowin%  kavei^  planli^  Ac,  TegctaUe  aatnre  in  her  omaaitatal  prodartinaa,  aaaatfeMi 
thabatiamof  theartiddalilorkt  The  Italiant  appear  to  have  been  the  iril  patale  It 
Earape  wIid  eaedBed  la  the  art  of  BMkiag  artidclBl  flowmi  bat  of  kte  yaaia  theJwb 
hava  beea  nott  iageakmt  la  this  braaefa  of  iadattiy. 

Rabaadt  folded  m  different  formt  aad  of  diUbrtat  eolora  warn  orlgiattlly  caplsyal  it 
initatiog  flowei%  by  beiag  attached  to  wke  ttaat.  Thii  iaittttioa  MNHt  gaaa  ^19  It 
thai  by  feathei%  which  are  more  ddieata  ia  textaie^  aad  BMna  eapabla  or  anaafevi 
Tariety  of  flower-like  figoret.  Bat  a  great  difllealty  wat  eaebaatered  la  dycia|  ths 
with  due  viTacity.  The  tayages  of  South  America  roaBuikctnre  perfect  Ibalher  nowB% 
derived  from  the  brilliaDt  plumage  of  their  birds,  which  clotely  resemble  the  prodacts  of 
vegetation.   The  blossoms  and  leaves  are  admirable,  while  the  coV>rs  never  Ade. 

The  Italians  employ  frequently  the  cocoons  of  the  silkworm  for  this  pnrpote ;  thoe 
lake  a  brilliant  dye,  preserve  their  color,  and  poetess  a  transparent  velvety  appearaaee^ 
soitable  for  petals.  Of  late  years,  the  French  have  adopted  the  finest  cambric  for  maklag 
petals,  and  the  taffeu  of  Florence  for  the  leaves.  M.  de  Beraardiere  employs  whaleboar 
in  Tcry  thin  leaves  for  artificial  flowers ;  and  by  bleaching  and  dyeing  them  of  varkat 
hncs,  he  hu  succeeded  in  makinsc  bis  imitations  of  nature  to  be  very  remarkable. 

The  coloring  matters  used  in  flower  dyeing  are  the  following:  — 

For  red ;  carmine  dissolved  in  a  solution  of  salt  of  tartar. 

For  blue ;  indigo  dissolved  in  sulphuric  acid,  diluted  and  nentnJized  ta  part  bySpanidi 
whitening. 

For  bright  yelk>w ;  a  solutmn  of  turmeric  in  spirit  of  wine.   Cieaaor  of  tartar  brightesi 
all  these  cotors^ 

For  violet ;  archil,  and  a  Une  batlu 
Forliloch;  archil. 

Some  petals  are  made  of  velvety  and  are  colored  merely  by  the  api^icatfcm  of  the  fiager 
dipped  in  the  dye. 

FLUATCS,  more  properly  Jluoridet  (Eng.  and  Fr. ;  flofMAnv,  Germ.);  cob- 
pounds  of  fluorine  and  the  metals }  as  floor  spar,  fiir  example,  which  eonaistt  of  flaoriie 

and  calcium. 

FLUOR  SPAR.  (Chanx  JluatH  Fr.;  Spath  Jlwr,  Germ.)  Thit  nriaeFal  oftea  cs* 
hibits  a  variety  of  vivid  colors.  It  crystalluKt  in  the  cubie  tytlemt  with  r^vJaroettdkt' 
dral  and  tetrahedral  cleavages;  spec.  gmv.  3-1  to 3*2;  scmtehes eaSetpar, bat b tcralclei 
by  a  steel  poAnt;  usuaUy  photphoretcent  with  heat;  fteible  at  tUt  blowpipe  iaao  anopaiar 
bead;  acted  on  by  the  acids,  with  disengagement  of  a  vapor  which  eonwfea  tfh«| 
tolntwn  aflbnb  predpitfttee  with  the  oxalates,  bat  not  with  aiamnnii.  Itt  ioaaiitwafr 
are,  fluorine,  48*13 ;  calcium,  51*87  in  100. 

Fluor  spar  occurs  tubordinate  to  metallic  veint^  at  to  thoteof  hi  IHsbyihhe; 
of  tin,  in  Saxony  and  Bohemia;  but  it  is  found  also  in  mattes  mr  veiai^  either  in  CO** 
talUne  rocks,  associated  with  quarti,  heavy  spar,  dee.,  as  ia  AaTeigae,  Fdk^  Toige% 
Norberg  in  Sweden;  Norway;  Pdenbaif  |  Mar  HaD|  GoorodK^  ia  Seotlttd^ 
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kury  limestones,  slates,  and  sandstones,  !n  Derbyshire,  Carobcrland,  Com 
T  Jersey.  It  exists  also  in  the  arny^aloids  of  Scotland,  and  in  the  toU 
i  of  Monte  Somma  at  Vesuvius.  The  variously  eolored  specimens,  called 
mTy  are  worked  upon  the  turniag-jathe  into  vases  and  other  ornamental 

^.  and  Fr. ;  Fluss,  Germ.)  signifies  any  substance  capable  of  promoting  the 
hs  or  metallic  ores  by  heaL  White  flux  is  the  residuum  of  the  deflagnitioa 
-ucible,  of  a  mixture  of  two  parts  of  nitre,  and  one  of  cream  of  tartar.  It 
•ly  a  carbonate  of  potash.  Black  flux  is  obuined  when  equal  parts  of  nitre 
deflagrated.  It  owes  its  color  to  the  carbonaceous  matter  of  the  tartaric 
(mains  nncoasumed ;  the  quantity  of  nitre  being  too  small  for  that  purpose, 
of  the  charcoal  renders  this  preparation  a  convenient  flux  for  reducing  cal- 
zed  ores  to  the  metallic  state.  Limestone,  fluor-spar,  borax^  and  several 
illic  oxydes  are  employed  as  fluxes  in  metallurgy. 

DER ;  the  black  colored  powder  obtained  by  the  spontaneous  oxydizement 
Benic  in  the  air. 

s  the  name  of  a  weight  by  which  lead  and  some  other  metals  are  sold  ia 
It  varies  in  its  amount  in  diflferent  parts  of  the  kingdom ;  being  in  NorthniD- 
ited  at  21  cwts.,  and  in  other  counties  22,  23,  or  even  more  ewts. 
s  the  name  given  by  the  French  to  a  particular  style  of  calico-printing 
!  rainbow,  in  which  the  colors  are  graduated  or  melted  (  fcndut)  into  one 
the  prismatic  spectrum.    See  Paper  HANGrNos,  for  a  description  of  the 

'ng.  and  Fr. ;  Feuer,  Germ.)  is  the  name  either  of  the  furnace,  where 
is  hammered  and  fashioned  with  the  aid  of  heat,  or  the  great  workshop 
made  malleable.  The  former  is  called  a  smith's  forge,  the  latter  a  shingling 
N.  466 

Fig»  466  represents  a  portable 
truck  forge  of  a  very  cominodious 
construction.  A  is  the  cylindric 
leather  bellows,  pressed  down  by  a 
helical  spring,  and  worked  by 
means  of  the  handle  at  b,  which 
moves  the  horizontal  shaft  c,  with 
its  two  attached  semicircular  levers 
and  chains,  d  is  the  pipe  which 
conducts  the  blast  to  the  nozzle  at 
E.  The  hearth  may  be  covered 
with  a  thin  fire-tile  or  with  cin- 
ders. F  i5  a  vice  fixed  to  the  strong 
rectangular  frame.  This  appara- 
tus answers  all  the  ordinary  pur- 
poses of  a  smith's  forge;  and  is 
peculiarly  adapted  to  ships,  and  to 
the  execution  of  engineering  jobs 
upon  railways,  or  in  the  country. 
The  height  is  2  feet  6  inches ;  the 
length  is  2  feel  9  inches;  the 
width  2  fecL  Weight  about  2 
ewts. 

ES  are  compounds  of  formic  acid,  with  the  salifiable  bases.  Many  of  them 
•  of  crystallization. 

VOID  [Jcide  Formiqutt,  Fr ;  Jnuisansaurt,  Germ.)  exists  in  the  bodies  of 
ociated  with  the  malic  or  acid  of  apples.  The  artificial  formation  of  this 
m  is  one  of  the  most  remarkable  triumphs  of  modem  chemistry.  If  10 
ic  acid,  14  of  black  oxyde  of  manganese,  15  of  concentrated  sulphuric  acid, 
1 30  of  water  be  mixed  and  distilled  in  a  retort,  formic  acid  will  be  the  liquid 
»  carbonic  acid  will  be  disengaged.  It  may  also  be  generated  from  other 
his  acid  is  transparent  and  colorless,  of  a  pungent  sour  smell,  a  strongly 
piycific  gravity  1-1168  at  60"  F.,  and  may  be  re-distilled  without  suffering 

It  contains  in  its  most  concentrated  form  195  per  cent,  of  water.  The 
,  exists  in  the  formiate*,  is  composed  of  32-54  carbon,  2-68  hydrogen,  and 

or  of  two  volumes  carbonic  oxyde  gas,  and  one  volume  of  vapor  of  water, 
oxydes  of  mercury  and  silver  to  the  metallic  state.  It  has  not  hitherto 
)  any  use  in  the  arts. 

CHEMICAL,  are  symbols  represenUng  the  different  substances,  sinple 
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Se 
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Cr 
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Mo 

898-525 

143-999 

Tunstic,  or  wolfram  acid 

W 

1483-200 

237-700 

Oxyde  of  antimony 

2Sb 

1912-904 

306-565 

Antimonioos  acid      .  • 

Sb 

1006-452 

161-296 

2Sb 

2012-904 

322-591 

Antimonie  acid 

2Sb 

2112-904 

338-617 

t  ■*  

OmM  llf 

Qgjfus  orlelnnni 

161*M 

Tuitalieaeid  • 

HT>ffl 

Tituieaeid  • 

xl 

PMoaqtlB  of  (qU 

JAM. 

mnijM  oi  SOB 

JAM 

446MM 

Qifidft  oT  phtfaa 

Pt 

141(^^0 

Oiyde  of  rhodiwi 

SR 

1801*800 

S»6« 

Qifidft  of  ptDadiom  . 

Pi 

Oifideof  ufw 

I40l"Wff 

PfoloijdB  of  Mramy 

SHil 

2613*645 

4X1*786 

Fmnyde  of  Mmrj  • 

% 

isss-ns 

ot&aaa 

PnIiiijiIb  of  ooppor  • 

801*890 

ICP6D6 

• 

Pan^ofeoivv  . 

Cm 

485*686 

78441 

PnIiiijiIb  of  vmteB* 

U 

S81 1*860 

400*861 

Pnoifdo  of  uuteB  ■ 

SO 

5722*720 

vi7*m 

Oxyooof  biiMth  ^« 

SBi 

ZWO'TQS 

474*48 

Piuluiyile  of  tia 

.  Si 

8S5*894 

MJ  6Bi 

Fmciiteof  tia  • 

Si 

885*284 

149*oW 

Oxydeoflead. 

Pb 

1894*^8 

ZZ3*4o4 

Minium 

2888*996 

482-995 

Brown  oxjde  of  lead  • 

Pb 

1494*498 

239*511 

Oxyde  of  cadmtam 

Cd 

796*767 

127*691 

Qxyde  of  zinc  • 

Zn 
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Oxyde  or  nickel 

Ni 

469*675 

75*271 

Oxyde  of  cobtlt 

Co 

468*991 

75*161 

Peroxyde  of  eobtlt     •  • 

2Co 

1037*982 

166*349 

Protoxyde  of  iron      •  • 

Fe 

439*213 

70-389 

Peroxyde  of  iron  # 

2F 

978*426 

156*804 

Protoxyde  of  manganese  • 

Ma 

455*787 

73*045 
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2Mn 

1011*070 

IOZ*II7 
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Mn 
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194*169 

Protoxyde  of  cerium  • 

Ce 
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Num. 

ForaoUu 

Oiygeos  100. 

IIydro|«n=»I. 

Alomma 

• 

2A1 

642*334 

109*942 

Blagneaia 

• 

Mg 

258*353 

41*404 

XJnmt  •        •  • 

• 

Ca 

356-019 

57*056 

Strontia 

• 

Sr 

647*285 

103-735 

BaryU 

• 

Ba 

956*880 

153*351 

Ltthia 

• 

L 

227*757 

36-501 

KaCron,  or  loda  • 

• 

Na 

390*897 

62*646 

Peroxyde  of  sodium  • 

• 

2Na 

881-794 

141*318 

Xili,  or  potassa 

• 

k 

589*916 

94*541 

Perazyde  of  potassium 

• 

k 

789*916 

126-593 

Solpliate  of  potassa 

is 

1091  081 

174*859 

Protosulpliate  of  iron  • 

FeS 

940*378 

150-706 

Persulphate  of  iron  . 

2481*906 

397*754 

Protoehloride  of  iron  • 

Fe2Cl 

781*863 

125*303 

Ferehloride  o£  iron 

2Fe2Cl» 

2006*376 

321-545 

Protoehloride  of  mercury 

• 

2Hg2Cl 

2974*295 

476*666 

Perchloride  of  mercury 

Hg2a 

1708-472 

273*803 

Ferroeyanide  of  iron  . 

Fe2NC-f2K2NC 

2308*778 

370*008 

Alxm  . 

kS4-2AiSH-24  2H 

5936*406 

951-378 

Feldspar 

ksi4-2Aisu 

3542-162 

567-673 

FOUNDING  of  metals f  chiefly  of  Iron.   The  operations  of  an  iron  foundry  consist  in 
•meltini?  the  pig-iron  of  the  blast  furnaces,  and  giving  it  an  endless  variety  of  forms, 
easting  it  in  moulds  of  different  kinds,  prepared  in  appropriate  manners.    Coke  is  the 
If  kind  of  fuel  empIo)'ed  to  effect  the  fusion  of  the  cast-iron. 
The  essential  parts  of  a  well-mounted  iron  foundry  are, 

1.  Magazines  for  pig-irons  of  different  qualities,  which  are  to  be  mixed  in  certain  pro> 
rtlons,  for  producing  castinsm  cf  peculiar  qualities ;  as  also  for  coal,  coke,  sands,  cky, 
vdered  charcoal,  and  cow-hair  for  giving  tenacity  to  the  loam  mouldings. 
L  One  or  more  coke  ovens. 

!•  A  workshop  for  preparini;  the  patterns  and  materials  of  the  moulds.  It  should 
itmin  small  edge  millstones  for  grinding  and  mixing  the  loam,  and  another  mill  for 
ading  eoal  and  charcoal. 

I.  A  Tast  area,  called  properly  the  foundry,  in  which  the  moulds  are  made  and  filled 
H  the  melted  metal.  These  moulds  are  in  general  very  heavy,  eonsistini*  of  two  parts 
least,  which  must  be  separated,  turned  upside  down  several  times,  and  replaced  very 
letly  upon  one  another.  The  casting  is  generally  effected  by  means  of  larce  ladles 
pots,  in  which  the  melted  iron  is  transported  from  the  cupola,  where  it  is  fused. 
Dee,  the  foundry  ought  to  be  provided  with  cranes,  having  jibs  moveable  in  every 
ection. 

I.  A  stove  in  which  such  moulds  may  be  readily  introduced  as  require  to  be  entirdy 
^▼ed  of  humidity,  and  where  a  strong  heat  may  be  uniformly  maintained. 
B.  Both  blast  and  air  furnaces,  capable  of  melting  speedily  the  quantity  of  east-iron  ta 
employed  each  day. 

7.  A  blowing  machine  to  urge  the  fusion  in  the  furnaces. 

^i^.  467  represents  the  general  plan  of  a  well-mounted  foundry. 

•  b  a  cupola  furnace,  of  which  the  section  and  view  will  be  afterwards  given ;  it  it 

paMe  of  containing  5  tons  of  ca«t-iron. 

cl  is  a  similar  furnace,  but  of  smaller  dimensions,  ibr  bringing  down  IJ  tons. 
Is  a  fbmace  like  the  first,  in  reserve  for  great  castings. 


•M  chareoij  powder,  which  have  alraidy  beeo  voed  for  cMtia^i^  tad  oiMMtl  htt^ 
407  iBff  «p  ulo  ft  tataitnUBBt  or  tJPw  impdl  oir 


■  arc  i4»vitu^  ^^11  lui 

!  cn|iM  io  oiikT  i« 
■ff  ■ithBtthtirif 


ing  wp  ioto  o  totaotnuoB,! 
wheo  depth  it  wuted  Ar  the  Mvldft,  Tben  i 
betideo  oevcn]  cf Uodrieol  ptei  irooi  fivt  to  ifiB 
yofdt  io  depth,  pbeed  nctr  'the  Tiiniaec**  Thn 
are  lined  wUh  brick  woc1k,omI  are  n^oaU^  full 
of  mooldiBg  ouid.  They  are  ca      ~  ' 
receive  large  mooldt,  caie  bciag  I 
isalwajg  below  the  orifice  fiom  t 
■letal  it  tapped. 

Thete  moaldi,  Md  the  ladles  fall  of  mM 
metal,  are  liAed  and  tnatported  the  ttm  elm 
or  more  bmb,  whea  their  weight  is  mQij^nie  i  M 
if  It  be  coBsidenible,  thtj  are  muved  mhm  If 
craaee  whoeo  rertieai  Mm  are  placed  et  <v  d,i^ 
ia  eorretpondeace,  eo  that  they  Amy  opoa  oceiwa 
traatfer  the  load  fioB one  toaaolhrr.  Saih  enw 
m  eonpoied  prineipaUy  of  aa  upright  ohaA,  eabrteed  at  top  by  a  eoUri,  end  lafmt 
Mow  upon  a  pivot  in  a  etep ;  next  of  a  horbootd  beem,  itretclMBd  o«i  rrt>tii  nnrlj  iht 
fop  of  the  lunner,  with  aa  obliqoe  etay  ranaiag  dowawara%  like  that  of  n  g a  liow),  T^* 
koriioatal  beem  lapportt  a  moveable  carriage,  U»  which  the  taekle  is  £9»petidd  £v 
ndtiog  the  weights.  This  carriage  is  mede  to  glide  backwards  or  fi^rwaj^  alspi  ii 
beam  by  meaas  of  a  simple  radc  and  piaioa  mcfhoaism,  whooa  kag  haadle  daimi 
vithia  reach  of  the  woritmaa'fe  hand. 

By  these  arraagemeats  ia  the  pby  of  the  three  cnaes,  mssses  weSgkii^  ive  1an»9 
be  tmasported  aad  laid  dowa  with  the  greatert  preeisioa  apoa  any  pofaii  whalrrtr  ittb 
fakterior  of  the  three  circles  traced  apoa  yig.  467  with  the  poiats  c,  d^  s^  as  crotrcw 

€^  1^  r,  are  the  steps,  apoa  which  the  apright  shafts  of  the  three  erases  nu  aad  tn* 
Sseh  shaft  is  16  feet  high. 

/,  is  the  drying  stove^  having  its  floor  apoa  a  levd  with  that  of  tbaj 
is  a  8Qpplementai7  stove  for  small  articles. 
A  f»  f*      the  coking  ovens. 

1.  b  the  blowing  machine  or  flm. 

t,  b  the  steam-enRine,  for  driving  the  fan,  the  loam-edge  stones, 

1^  and  the  charcoal  mill. 

i"y  are  the  boiler  and  the  furnace  of  the  engine. 

k',  workshop  for  preparing  the  loam  and  other  materials  of  nx>nlding# 

ly  is  the  apartment  for  the  patterns. 

The  pig-iron,  coals,  Slc.  are  placed  either  nnder  sheds  or  in  the  open  air,  roaad  the 
above  bnildinss ;  where  are  also  a  smith's  forge,  a  carpenter's  shop,  and  aa  apartBcat 
mounted  with  vices  for  chipping  and  rough  cleaning  the  castings  by  chisels  and  flies.  ^ 

Snch  a  foandry  may  be  erected  upon  a  square  surface  of  about  80  yards  in  each  siie, 
and  will  be  capable,  by  casting  in  the  afternoon  and  evening  of  each  day,  partly  ia  hige 
and  partly  in  small  pieces,  of  turning  out  from  700  to  800  tons  per  anaam,  with  an  ettih- 
lishment  of  100  operatives,  including  some  moulding  boys. 

Of  making  the  moulds. — 1.  Each  mould  ought  to  present  the  exact  form  of  its  oljccL 

2.  It  should  have  such  solidity  that  the  melted  metal  may  be  poured  iato  it,  and  ifl  it 
entirely  without  altering  its  shape  in  any  poinL 

3.  The  air  which  occupies  the  vacant  spaces  in  it,  as  well  as  the  carbareted 
generated  by  the  heat,  must  have  a  ready  vent ;  for  if  they  are  bat  partially  CQ 
they  expand  by  the  heat,  and  may  crack,  even  blow  up  the  moulds,  or  at  any  rate  1 
dispersed  through  the  metal,  making  it  vesicular  and  unsound. 

There  are  three  distinct  methods  of  making  the  moulds 
1.  In  green  sand;  2.  In  baked  sand;  3.  In  loam. 

To  enumerate  the  different  means  employed  to  make  every  sort  of  mould  exceetb  dK 
limits  presciibed  to  this  work.  I  shall  merely  indicate  for  each  species  of  ameklBH^ 
what  is  common  to  all  the  operations  ;  and  I  shall  then  describe  the  fabricaiaoa  of  s  ftv 
such  moulds  as  appear  most  proper  to  give  general  views  of  this  peculiar  ait. 

Moulding  in  green  sand,— The  name  green  is  given  to  a  mixture  of  the  sand  as  il  cM 
from  its  native  bed,  with  about  one  twelfth  its  bulk  of  coal  reduced  to  powder,  ami  dsop* 
ed  in  such  a  manner  as  to  form  a  porous  compound,  capable  of  prescrvinf  the  flMiH  a 
the  objcctH  impressed  upon  it.  This  sand  ought  to  be  slightly  argiUaceons,  vrilh  ysiCickf 
mot  exceedine  a  pin's  head  in  size.  When  this  mixture  has  once  served  for  a  moaldf**' 
been  filled  with  metal,  it  cannot  be  employed  again  except  for  the  coarsest  castiog^i'' 
is  generally  used  for  filling  up  the  bottoms  of  fresh  moulds. 

For  moulding  any  piece  in  green  sand,  an  exact  pattern  of  the  oljecl  mast  ht  1^* 
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futd  in  wood  or  melal;  the  latter  being  preferable,  as  not  liable  to  warping,  sweUing, 
m  ahrinkage. 

A  eoaple  of  iron  frames  form  a  case  or  box,  which  serves  as  an  enTelope  to  the  moald. 
flock  boxes  constitute  an  essential  and  very  expensive  part  of  the  furniture  of  a  foundry. 
It  is  a  rectangular  frame,  without  bottom  or  lid,  whose  two  largest  sides  are  united  by  a 
•eries  of  cross  bars,  parallel  to  each  other,  and  placed  from  6  to  8  inches  apart. 

The  two  halves  of  ihe  box  carry  ears  corresponding  exactly  wiih  one  another ;  of 
which  one  set  is  pierced  with  holes,  but  the  other  has  poinU  which  enter  truly  into  these 
holet,  and  may  be  made  fast  in  them  by  cross  pins  or  wedges,  so  that  the  pnir  becomes 
0«e  solid  body.  Within  this  frame  there  is  abundance  of  room  for  containing  the  pattern 
of  the  piece  to  be  moulded  with  its  incasing  sand,  which  being  rammed  into  the  frame, 
ii  letained  by  friction  against  the  lateral  faces  and  cross  bars  of  the  mould. 

When  a  mould  is  to  be  formed,  a  box  of  suitable  dimensions  is  taken  asunder,  aad 
«eh  half,  No.  1  and  No.  2,  is  laid  upon  the  floor  of  the  foundry.  Green  sand  is  thrown 
with  a  shovel  into  No.  1,  so  as  to  fill  it;  when  it  is  gently  pressed  in  with  a  rammer. 
The  object  of  this  operation  is  to  form  a  plain  surface  upon  which  to  lay  in  the  pattern 
with  a  slight  degree  of  pressure,  varying  with  its  shape.  No.  1  being  covered  with  sand, 
tke  frame  No.  2  is  laid  upon  it,  so  as  to  form  the  box.  No.  2  being  now  filled  car«- 
lUly  with  the  green  sand,  the  box  is  inverted,  so  as  to  place  No.  1  uppermost,  which  is 
dM  detached  and  liAed  off  in  a  truly  vertical  position ;  carrying  with  it  the  body  of 
umd  formed  at  the  commencement  of  the  operation.  The  pattern  remains  imbedded  in 
the  sand  of  No.  2,  which  has  been  exactly  moulded  upon  a  great  portion  of  its  surface. 
The  moulder  condenses  the  sand  in  the  parts  nearest  to  the  pattern,  by  sprinkling  a  little 
water  upon  it,  and  trimming  the  ill-shaped  parts  with  small  iron  trowels  of  different 
kiads.  He  then  dusts  a  little  well-dried  finely-siAed  sand  over  all  the  visible  surface  of 
tke  pattern,  and  of  the  sand  surrounding  it ;  this  is  done  to  prevent  adhesion  when  he 
replaces  the  frame  No.  1. 

He  next  destroys  the  preparatory  smooth  bed  or  area  formed  in  this  frame,  covers  the 
pattern  with  ereen  sand,  replaces  the  frame  1  upon  2,  to  reproduce  the  box,  and  proceeds 
In  fill  and  ram  No.  1,  as  he  had  previously  done  No.  2.  The  object  of  this  operation  is 
to  obtain  very  exactly  a  concavity  in  the  frame  No.  1,  having  the  shape  of  the  part 
of  the  model  impressed  coarsely  upon  the  surface  formed  at  the  beginning,  and  which 
was  meant  merely  to  support  the  pattern  and  the  sand  sprinkled  over  it,  till  it  got 
imbedded  in  No.  2. 

The  two  frames  in  their  last  position,  along  with  their  sand,  may  be  compared  to  a  box 
of  which  No.  1  u  the  lid,  and  whose  interior  is  adjusted  exactly  upon  the  enclosed 
pfettcm. 

If  we  open  this  box,  and  aHer  taking  out  the  pattern,  close  its  two  halves  again,  then 
poor  in  melted  metal  till  it  fill  every  void  space,  and  become  solid,  we  shall  obviously 
attain  the  wished-for  end,  and  produce  a  piece  of  cast  iron  similar  to  the  pattern.  But 
nay  piYcautions  must  still  be  Uken  before  we  can  hit  this  point.  We  must  first  lead 
tkroag^  the  mass  of  sand  in  the  frame  No.  1  one  or  more  channels  for  the  introduction 
of  the  melted  metal ;  and  thoni;h  one  may  suffice  for  this  purpose,  another  must  be  made 
for  letting  the  air  escape.  The  metal  is  run  in  by  several  orifices  at  once,  when  the 
piece  has  considerable  surface,  but  little  thickness,  so  that  it  may  reach  the  remotest 
points  sufficiently  hot  and  liquid. 

The  parts  of  the  mould  near  the  pattern  must  likewise  be  pierced  with  small  holes,  by 
■eaas  of  wires  traversing  the  whole  body  of  the  sand,  in  order  to  render  the  mould  more 
poroas,  and  to  facilitate  the  escape  of  the  air  and  the  gases.  Then,  before  lifting  off 
the  frame  No.  ],we  must  tap  the  pattern  slightly,  otherwise  the  sand  enclosing  it  would 
stick  to  it  in  several  points,  and  the  operation  would  not  succeed.  These  gentle  jolts 
are  given  by  means  of  one  or  more  pieces  of  iron  wire  which  have  been  screwed  vertically 
■to  the  pattern  before  finally  ramming  the  sand  into  the  frame  No.  1,  or  which  enter 
merely  into  holes  in  the  pattern.  These  pieces  are  sufficiently  long  to  pass  out  through 
the  sand  when  the  box  is  filled ;  and  it  is  upon  their  upper  ends  that  the  horixontal 
blows  of  the  hammer  are  given ;  their  force  being  regulated  by  the  weight  and  magni- 
lade  of  the  pattern.  These  rods  are  then  removed  by  drawing  them  straight  out ;  after 
which  the  frame  No.  1  may  be  lifted  off  smoothly  from  the  pattern. 

The  pattern  itself  is  taken  out,  by  lifting  it  in  all  its  parts  at  once,  by  means  of  screw 
pins  adjasted  at  the  moment.  This  manccuvre  is  executed,  for  Inrge  pieces,  almost 
always  by  several  men,  who,  while  they  lift  the  pattern  with  one  hand,  strike  it  with  the 
•Iher  with  small  repeated  blows  to  deUch  the  sand  entirely,  in  which  it  is  generally  more 
cagaged  than  it  was  in  that  of  the  frame  No.  1.  But  in  spite  of  all  these  precautions, 
Ihm  are  always  some  desrradattons  in  one  or  other  of  the  two  parts  of  the  mould ;  which 
are  immediately  repaired  by  the  workman  with  damp  sand,  which  he  applies  and  presMS 
faatly  with  his  trowel,  so  as  to  restore  the  injured  forms. 

Hitherto  I  have  supposed  all  the  land  rammed  into  the  box  to  be  of  one  kiadi  kH 


7,  the  grM  MBd  It  Hied  odf  to  ftm  tte  foite  tiftlia 
psttera,  ia  a  •trttnin  of  aboat  an  weh  thick  i  the  leit  of  the 
with  the  eaitd  of  the  floor  which  hit  been  aeed  Ia 
raaad  the  patteim  ie  caOed^  ia  this  caee^  mm  mmL 

It  may  happen  that  the  pattern  ie  too  eomplai  to  he  tahen  owt  vUlMMt  §mm€m  ^ 
moeld,  hf  two  fimmet  ahme;  then  3  er  moie  an  — tealy  adlfMlvil  to  ibcro  the  ho%. 

When  the  mould,  token  aenader  iato  two  or  omre  part%  tow  \mn  pr^perl^  i^iNHf od,  ja 
totorior  snrfaee  Bait  be  daeted  over  with  wood  ehaieeal  radoeed  to  m  povda 
aad  tied  np  in  a  niell  linen  baf «  which  ie  thakcM  hv  hand.  Th«  ^fmmX  to  thus  iSm 
•I  the  moment  of  appUeation,  and  stiekt  to  the  whole 


demped  a  little.  It  is  afterwards  polished  with  a  flae  tioweL 
avoid  osing  too  moeh  chareoel,  the  sailheesare  iaally daetado 
palverised,  dram  a  baf  Uke  the  ehaieoaL  The  two  flamss  are  bow  fgptooad  witb  froi 


msde  fast  together  by  the  eaiSy  with  wadgad  Mto  bid  tnily  tflvel,  or  ik 
vstalsite  skipe,  aad  kmM  with  eonsidenhto  we'  ' 
ehareodl  dnstiag,  ae  wdl  as  that  of  iae  sam^  ie 

JfoaMiRgtoMBsdoriMtdMad.---Tii  .  ^_ 

flf  the  praeediag.  Bnt  when  the  eesliagi  are  hun      cepedaUy  If  Oief  i 
hfdrastatic  pcessaie  of  the  melted  metal  open  the  sidee  of  the  wuTd  ettnaot  be 
tetod  by  the  Ibiee  of  enhethm  which  the  saad  aetnfcee  by  leaiMii       We  in 
aase  adapt  to  eaeh  of  these  firanies  a  eoUd  eid^  pieraed  wiA  namebicius  maaU  tote  to  M 
toChegaees.  This  does  aot  form  oaebo^  with  the  net  of  the  fimMltf  to  Mm 

m  gniM  mA  h  wimi 


/  to  it  by  bars  aad  wedged  hoMi.  Ia 
with  this  saad.  Whcaever  the  moold  is  iaished,  it  iTtraasteiad'to  itaa  dryf^ 
lAsM  it  BMy  lemeto  Aom  19rto24  honrsat  nos^tiaithadaprieed  oTaU  ito  h« 
The  saad  is  thea  said  to  be  baked  or  aanealed.  The  eiperieaeed  monlder  kn<m  fait 
to  adz  the  didtoreat  saads  ptoeedathis  disposal^so  that  the  amm  of  tht  mofjM  ml 
I  oat  of  the  sieve  SMiy  preserve  ito  ibna,  aad  ha  saiHtisaljy  pmam*  Sveh 


w  tae  gaeee  to  pass 

It  aad  ia  geaenu  the 


altow  the  gaeee  to  pass  throogh  thess  maeh  more  nwdOy  titoa  19mm  wia  ef 


eestings  they  tara  oat  are  1 


thesnrflito.  Soaietimes  ia  a kige  pieee^  the  three  kiads  ef  mooldiM^ ttal  m pM 
aaady  ia  baked  nndy  aad  in  kMua,  are  eombiBed  to  predaee  the  best  reea£ 

Mimldimg  in  ^m.— This  kind  of  woik  is  eseeoted  firom  drawiap  of  tha  pleoes  ta  to 
BMmlded,  withoat  being  at  the  expense  of  mnldag  patterns.  The  mould  is  IbnMd  if  t 
pasty  mixture  of  city,  water,  sand,  and  eow*s-hair,  or  other  cheap  filamentooe  SHttn^ 
kneaded  together  in  what  is  called  the  loam  milL  The  proportions  of  the  ingredicatB  or 
varied  to  suit  the  nature  of  the  casting.  Whea  the  paste  requires  to  be  made  very  hgh^ 
horse  dune  or  chopped  straw  is  added  to  it. 

I  shall  illustrate  the  mode  of  fabricating  loam  moulds,  by  a  simple  ease^  sn^  as  ttol 
of  a  sugar  pan.  Fig,  468  is  the  pan.  There  is  laid  npoa  the  floor  of  the 
aannlar  plaiform  of  cast-iron,  a  b,fig,  469 ;  and  upon  its  centre  e,  resto  the  kywar  < 
ity  of  a  vertical  shaft,  adjusted  so  as  to  torn  freely  npon  itself,  while  it  makes  a  i 
pattern,  <  /,  fig.  470,  describe  a  surface  of  rcTolntion  identical  with  the  internal  i 
reversed  of  the  boiler  intended  to  be  made.  The  ontlioe,  «  g,  of  the  pattern  ie  fenhineii 
so  as  to  describe  the  surface  of  the  edge  of  the  vessel.  Upon  the  part  adb  d^fig,  4fl^ 
of  the  flat  cast-iron  ring,  there  must  next  be  constraeted,  with  brides. laid  either  flst^sr 
oa  their  edge,  and  clay,  a  kind  of  dome,  kik,  fig,  470,  firom  two  to  Ibnr  iaelMS  thiols 

470 

468 


according  to  the  size  and  weight  of  the  piece  to  be  monldcd.  The  external  sarftes  of 
the  bricic  dome  ought  to  be  everywhere  two  inches  distant*  at  teest,  Ihun  the  sariaeed^ 
scribed  by  the  are  e  /.  Before  building  ap  the  dome  to  the  potot  i»  eoals  ere  to  he  fheei 
in  its  inside  upon  the  floor,  which  may  be  aAerwards  kindled  for  dryiag  the  moald.  Tto 
top  is  then  formed,  leaving  at  t,  round  the  upright  shaA  of  revolatKNi»  oaly  a  r&j  mM 
entlet.  This  aperture,  as  also  some  others  left  under  the  edges  of  the  iioa  riag^  essUi 
the  moulder  to  light  the  fire  when  it  becomes  necessary,  and  to  gredaate  it  eo  ae  toashi 
it  last  long  enough  without  needing  more  fuel,  till  the  moold  be  qoito  flaished  aad  diy* 
The  eombusiioa  should  be  always  extremely  slow. 
Over  the  brick  dome  a  pasty  layer  of  kiem  is  applied,  and  nmaded  with  the  aoitf 
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Bffs  taiface  is  then  coated  with  a  much  smoother  loam,  by  means  of  the  concaTC 
edge  of  the  same  mould.  Upon  the  latter  surface,  the  inside  of  the  sugar  pan  is  cast; 
tli«  line  €  g  having  traced,  in  its  revolution,  a  ledce  m.  The  fire  is  now  kindled,  and  as 
the  surface  of  the  jnould  becomes  dry,  it  is  painted  over  by  a  brush,  with  a  mixture  of 
wmtcr,  charcoal  powder,  and  a  little  clay,  in  order  to  prevent  adhesion  between  the  sur- 
tmte  already  dried  and  the  coats  of  clay  about  to  be  applied  to  it.  The  board  g  e  /  is 
BOW  removed,  and  replaced  by  another,  g'  «'  /,  Jig.  471,  whose  edge  e'  f  describes  the 
outer  surface  of  the  pan.  Over  the  surface  e,  /,  a  layer  of  loam  is  applied,  which  is 
tuned  and  polished  so  as  to  produce  the  surface  of  revolution  e'  f,  as  was  done  for  the 
Mrface  «/;  only  in  the  lattei  case,  the  line  c'  g'  of  the  board  does  not  form  a  new  shoulder, 
bat  mba  lightly  against  m. 

The  layer  of  loam  included  between  the  two  surfaces  <  /,  e'  f,  is  an  exact  represenU- 
tioii  of  the  sugar  pan.  When  this  layer  is  well  dried  by  the  heat  of  the  interior  fire,  it 
MSt  be  painted  like  the  former.  The  upright  shaA  is  now  removed,  leaving  the  small 
¥ient  hole  through  which  it  passed  to  promote  the  complete  combustion  of  the  coal, 
nere  must  be  now  laid  horizonuUy  upon  the  ears  of  the  platform  d  d,  Jig.  469,  an- 
oClKr  annular  platform  p  q,  like  the  former,  but  a  little  larger,  and  without  any  crosi-bar. 


The  relative  position  of  these  two  platforms  is  shown  in  fig.  473.  Upon  the  surface 
^  ff  fig.  472,  a  new  layer  of  loam  is  laid,  two  inches  thick,  of  which  the  surface  is 
MDOothed  by  hand.  Then  upon  the  platform  p  fig.  473,  a  brick  vault  is  constructed, 
whoae  inner  surface  is  applied  to  the  layer  of  loam.  This  contracts  a  strong  adherence 
with  the  bricks  which  absorb  a  part  of  its  moisture,  while  the  coat  of  paint  spread  over 
the  surface  e'  f,  prevents  it  from  sticking  to  the  preceding  layers  of  loam.  The  brick 
done  ought  to  be  built  solidly. 

The  whole  mass  is  now  to  be  thoroughly  dried  by  the  continuance  of  the  fire,  the 
draught  of  which  is  supported  by  a  small  vent  left  in  the  upper  part  of  the  new  dome;  and 
vhen  all  is  properly  dry,  the  two  iron  platforms  are  adjusted  to  each  other  by  pin  points, 
Md  p  q  w  lifted  off,  taking  care  to  keep  it  in  a  horizontal  position.  Upon  this  platform 
we  removed  the  last  brick  dome,  and  the  layer  of  loam  which  had  been  applied  next  to 
its  latter  of  which  represents  exactly  by  its  inside  the  mould  of  the  surface  e'f,  that 
iBg  of  the  outside  of  the  pan.  The  crust  contained  between  e  /  and  e'  f  is  broken  away. 
Ml  <^ration  easily  done  without  injury  to  the  surface  t  /,  which  represents  exactly  the 
iniier  surface  of  the  pan ;  or  only  to  the  shoulder  m,  corresponding  to  the  edge  of  the 
vceael.  The  top  aperture  through  which  the  upright  shaft  passed  must  be  now  closed ; 
only  the  one  is  kept  open  in  the. portion  of  the  mould  liAed  off  upon  p  q ;  because  through 
thia  opening  the  melted  metnl  is  to  be  poured  in  the  process  of  casting.  The  two  plat- 
fbnna  being  replaced  above  each  other  very  exactly,  by  means  of  the  adjusting  pin  points, 
the  mould  is  completely  formed,  and  ready  for  the  reception  of  the  metal. 

When  the  object  to  be  moulded  presents  more  complicated  forms  than  the  one  bow 
diosen  for  the  sake  of  illustration,  it  is  always  by  analogous  processes  that  the  workman 
eOMtmcts  his  loam  moulds,  but  his  sagacity  must  hit  upon  modes  of  executing  many 
IhinfB  which  at  first  sight  appear  to  be  scarcely  possible.  Thus,  when  the  forms  of  the 
interior  and  exterior  do  not  permit  the  mouM  to  be  separated  in  two  pieces,  it  is  divkled 
into  several,  which  are  nicely  fitted  with  adjusting  pins.  More  than  two  east-iron 
rings  or  platforms  are  sometimes  necessary.  When  ovals  or  angular  surfaces  must  be 
tmoed  instead  of  those  of  revolution,  no  upright  shaA  is  used,  but  wooden  or  cast-iron 
fmidea  made  on  purpose,  along  which  the  pattern  cut-out  board  is  slid  according  to  the 
dmwing  of  the  piece.  Iron  wires  and  claws  are  oAen  interspersed  through  the  brick 
worit  to  give  it  cohesion.  The  core,  kernel,  or  inner  mould  of  a  hollow  casting  is  fre- 
qncntljr  fitted  in  when  the  outer  shell  is  moulded.  I  shall  illustrate  this  matter  in  the 
enne  of  a  gas-liRht  retort, /g.  474.  The  core  of  the  retort  ought  to  have  the  form  e  e  e  s, 
mad  be  very  solid,  since  it  cannot  be  fixed  in  the  outer  mould,  for  the  casting,  except  in 
the  part  standing  out  of  the  retort  towards  m  m.  It  must  be  modelled  in  loam,  upon 
a  piece  of  cast-iron  called  a  /an/em,  made  expressly  for  this  purpose.  The  lantern  is  n 
«yIMer  or  a  truncated  hollow  cone  of  cast-iron,  about  half  an  inch  thick ;  and  differ- 
catly  shaped  for  every  different  core.  The  surface  is  perforated  with  holes  of  about 
hair  an  inch  in  diameter.  It  is  mounted  by  means  of  iron  cross-bars,  upon  an  iron  aii% 


whkk  trmm  U  in  tlie  diraetini  of  Ita  tagtk.  1!^.  411 
•edkm  tbnMsh  the  uis  of  the  cores  g  k  is  the  uit  of  m  ^ 
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hi;  olloba  kind  of  disc  or  dishy  petpeadieoler  to  the  wim,  oimq  «t  i «,  f  >nnb:  oe- 
piece  with  the  lantern,  whose  cireninfmMe  o  opreseeti  a  carv«  eimilar  tu  i  ^"-4 
oT  the  core,  made  at  right  angles  to  its  aiis.  Wt  shell  see  MMiif  the  two  f« 
which  this  dish  is  intended.  The  axis  g  h  is  kU  mpm  two  jg^HBa,  •ml  hu^  «i 
placed  at  each  of  iu  extremities,  to  facilitate  the  opention  ■MBic  the  me*  Csh 
the  whole  snrfttce  of  the  lantern,  (Vom  the  point  h  to  the  eoDet  fomwd  bf  theiW^AM 
eold  as  thick  as  the  finger  is  wound.  Etcu  two  or  nore  eotln  muLj  be  mpfiU^m  0iC 
sioa  reqiire^  over  which  kiam  is  spreiad  to  the  exact  ftm of  Thr  <?« irr. 
the  hand  a  board,  against  the  dish  o  o,  with  its  edge  eu  o«C  tt<  i  he  d 
•gainst  another  dish,  MQiuted  at  the  time  towaras  k§  while 
votatory  movement  is  given  lo  the  whole  •ppu«t«B. 

The  hay  interposed  between  the  lantern  and  the  ku  . 
the  core,  aids  the  adhesion  of  the  clay  with  the  east-iron  of  thv 
to  the  lioles  in  its  snrihce,  for  the  air  to  escape  thoogh  im  the  1 

When  the  core  is  finished,  and  has  been  pat  into  the  drying  liovev  the  ghu  Irito^ 
oat,  then  the  small  opening  which  it  leaves  at  the  poiBt  1^  Is  plugged  with  day.  Tli|if 
done  by  supporting  the  core  by  the  edges  cf  the  dish,  in  •  vcrtieai  poailioA.  U  hw0 
ready  to  be  introduced  into  the  hollow  mould  of  the  piece. 
This  mottkl  executed  in  baked  sand  consists  of  three  pieeesi,  two  of  vUell,  alMMfe 
simihtf,  are  represented, /f.  471^  el  ^  the  Oil  ft 
shown  at  rt.  The  twosimihir  pttiim  WAMMBitril 
the  longitudinal  half  of  the  neariy  ^littdrwil  peita 
of  the  outer  surface  of  the  g^M.  retort ;  so  Ihet  when 
they  are  brought  together,  the  cyUndcr  is  formed;  ft 
contains  in  its  cavity  the  kind  of  hemiapbcfe  whid 
forms  the  bottom  of  the  retorU  Hence,  by  addiAglldi 
part  of  the  mould  to  the  end  of  ths  Iwii  otho^lk 
resulting  apparatus  presents  jn  tis  tfiterior,  ibe  emtt 
mould  of  the  outside  of  the  retort ;  an  empty  <i\a- 
drical  portion  /  f,  whose  axU  is  i  he  same?  as  that  ofik 
cylinder  u  «,  and  whose  surface,  if  prolonged,  wooJd  Se 
everywhere  distant  from  the  surface  «  «,  by  a  qun- 
tity  equal  to  the  desired  thickness  of  the  retort.  Ihe 
diameter  of  the  cylinder  t  t  is  precisely  equal  to  that  of  the  core,  which  is  sUgbUy  cooid^ 
in  order  that  it  may  enter  easily  into  this  aperture  1 1,  and  close  it  very  exactly  when  it 
is  introduced  to  the  collet  or  neck. 

The  three  parts  of  the  mould  and  the  core  being  prepared,  the  two  pieces  p  q,  moit 
first  be  united,  and  supported  in  an  upright  position ;  then  the  core  must  be  let  does 
into  the  opening  /  t,  fig,  477.  When  the  plate  or  disc  o  o  of  the  core  is  supported  upon 
the  mould,  we  must  see  that  the  end  of  the  core  is  everywhere  equally  distant  from  tk 
edge  of  the  external  surface  «  «,  and  that  it  docs  not  go  too  far  beyond  the  line  q  f 
Should  there  be  an  inaccuracy,  we  most  correct  it  by  slender  iron  slips  placed  under  the 
edge  of  the  disc  o  o ;  then  by  means  of  a  cast-iron  cross,  and  screw  bolts  v  v,  we  fix  the 
core  immoveably.  The  whole  apparatus  is  now  set  down  upon  r  «,  and  we  fix  with  screw 
bolts  the  plane  surface  q  q  upon  r  r;  then  introduce  the  melted  metal  by  an  aperture  i, 
which  has  been  left  at  the  upper  part  of  the  mould. 

When,  instead  of  the  example  now  selected,  the  core  of  the  piece  to  be  cast  most  go 
beyond  the  mould  of  the  external  surface,  as  is  the  case  with  a  pipe  open  at  each  es^ 
the  thing  is  more  simple,  because  we  may  easily  adjust  and  fix  the  core  by  its  two  esdi. 

In  casting  a  retort,  the  metal  is  poured  into  the  mould  set  upright.  It  is  importaatto 
maintain  this  position  in  the  two  last  examples  of  oayting;  for  all  the  foreign  mattcn 
which  may  soil  the  metal  during  its  flow,  as  the  sand,  the  charcoal,  gases,  scorie,  beisf 
less  dense  than  it,  rise  constantly  to  the  surface.  The  hydrostatic  pressure  produced  bf 
a  high  gate,  or  filling-in  aperture,  contributes  much  to  secure  the  soundness  aad  solidity 
of  the  casting.  This  gaic-plece  being  superfluous^  is  knocked  off  •hnost 
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even  before  the  casting  cools.  Yeiy  long,  somewhat  slender  pieces,  are  usually 
noulds  set  up  obliquely  to  the  horizon.  As  the  metal  shrinks  in  cooling,  the 
toold  always  be  somewhat  larger  than  the  object  intended  to  be  cast.  The  iron 
■eckons  in  general  upon  a  linear  shrinkage  of  a  ninety-sixth  part ;  that  is,  one  eighth 
:h  per  foot. 

igof  the  catt  iron,  —  The  metal  is  usually  melted  in  a  cupola  furnace,  of  which 
nsions  are  Tery  various.  Fig.  478  represents  in  plan,  section,  and  elevation, 
lese  furnaces  of  the  largest  size ;  being  capable  of  founding  5  tons  of  cast  iron  at 

It  is  kindled  by  laying  a  few  chips  of  wood  upon  its  bottom,  leaving  the  orifice 
ind  it  is  then  filled  up  to  the  throat  with  coke.  The  fire  is  lit  at  c,  and  in  a 
or  half  an  hour,  when  the  body  of  fuel  is  sufficiently  kindl«i,  the  tuydre  blast  is 
ition.  The  flame  issues  then  by  the  mouth  as  well  as  the  orifice  c,  which  has 
t  open  on  purpose  to  consolidate  it  by  the  heat.  Without  this  precaution,  the 
tiich  are  made  up  in  argillaceous  sand  aAer  each  day's  work,  would  not  present 
ssary  resistance.  A  quarter  of  an  hour  afterwards,  the  orifice  c  is  closed  with  a 
moist  clay,  and  sometimes,  when  the  furnace  is  to  contain  a  great  body  of  melted 
le  clay  is  supported  by  means  of  a  small  plate  of  cast  iron  fixed  against  the 
Before  the  blowing  machine  is  set  a  going,  the  openings  g  g  g  had  been  kept 
rhose  of  them  wanted  for  the  tuydres  are  opened  in  succession,  beginning  at  the 
iie  tuyeres  being  raised  according  as  the  level  of  the  fused  iron  stands  higher  in 
ace.  The  same  cupola  may  receive  at  a  time  from  one  to  six  tuydres,  through 
le  wind  is  propelled  by  the  centrifugal  action 'of  an  eccentric  fan  or  ventilator, 
lot  appear  to  be  ascertained  whether  there  be  any  advantage  in  placing  more 
9  tuyeres  facing  each  other  upon  opposite  sides  of  the  furnace.  Their  diameter 
ozzle  varies  from  3  to  5  inches.  They  are  either  cylindrical  or  slightly  conical, 
linutes  after  the  tuyeres  have  begun  to  blow,  when  the  coke  sinks  in  the  furnace, 
5  charges  of  coke  and  pig  iron  must  be  thrown  in.  The  metal  begins  to  melt  in 
)  minutes  after  its  introduction ;  and  successive  charges  are  then  made  every 
tes  nearly ;  each  charge  containing  from  2  cwts.  to  5  cwts.  of  iron,  and  a  quantity 
onal  to  the  estimate  given  below.  The  amount  of  the  charges  varies  of  course 
i  size  of  the  furnace,  and  the  speed  required  for  the  operation.  The  pigs  must 
ionsly  broken  into  pieces  weighing  at  most  14  or  16  pounds.   The  vanes  of  the 

fan  make  from  625  to  650  turns  per  minute.  The  two  cupolas  represented 
)  and  another  alongside  in  the  plan,  may  easily  melt  6|  tons  of  metal  in  2|  hours ; 


2}  tons  per  hour.  This  result  is  three  or  four  times  greater  than  what  wu 


fiMmeriy  obtuned  in  HmOar  enpolMp  wl«      bkit  im 
with  cylisdcr  bellowiy  mored  by  a  steun  MfiM  of  10  kotm 


In  the  coarM  of  a  year,  a  contiderable  Ibaadir  lik«  that  nfwaaatui  b  i 
Jkg,  467,  will  eoBsame  aboataOO  tons  of  eoka  ia  Mtiag  IMOMMflf  AMI  km  1 1 
of  940  tons  of  pigi  of  different  qualities  ud  800  tons  of  bnlM  '■  '^'"i  x 
kc  Thosy  it  appears  that  48  pouadt  of  coin  are  com 
of  mctaL 

fioniewhat  lete  eoke  is  ooaMuaed  whom  the  AhIm  ia  i 
great  body  of  mdted  metal,  (br  catting  heavy  aitielaai  i 
mahing  many  small  castings,  the  progress  of  the  fimdlaf  hat  ta  ha  i 
to  time ;  otherwise,  the  metal  wood  rcania  too  loag  ia  a  aiale  af  i 
haeorae  too  cold  to  aflM  sharp  impressioni  of  the  maisMs. 

It  aometisBcs  happens  that  in  the  same  day,  with  the  saaw  fhrani,  piaees  Mtalt 


aaat  containing  sereral  proportioDs  of  diflciiat  klads  of  iiaai  ia  vhiah  aaaau  Immmm 

■  teMorciiib 


aa  iatenaiitnre  with  the  precediag  cr  IbUowiag  ahaifB%  a  co 
iaterposcd.    Thoogh  there  be  that  a  Utila  watta     ft^  il  b 
improved  adaptatioa  of  the  castiags  to  their  speeHc  olgertfc  TliaAi 
at  abont  3  o'cfeek,  v.  m.,  aad  goes  ca  till  0  or  8  o'dsdu  Oat 
laborers  for  ehargiag,  ke^  eaa  maaaaa  two  Itaraaaat. 
The  fiiUowing  is  the  woric  of  a  wdkmaaaged  fboadiy  ia  Dart^. 
SOO  lbs.  of  eoke  are  leiiaUte  to  mdt,  or  biiag  dofWB  <fai  tta  laagM^ 
1  toa  of  cast4fOB,  after  the  copola  has  beea  bwight  to  Ha  awpar  haal,  bj  ~ 
iaitof  Obstkettofeoh%  waighhifebymytriai%40piiaBdltci  ~ 

The  ehief  talent  of  the  fonnder  coasbit  ia  dlNOvariag  lha  i 
aad  so  compoaadiag  them  as  to  prodnce  tha  deMI  prapettiet  hi  the  raathm.  Oat 
pieces  ibr  example^  may  be  required  to  have  great  stftagth  aad  ttaadHy  to  bear  hesty 
weiehlsorstiaiBS;  asolher  mnstyieldreadilftotheebtelortheflei  a  third  mast  rerirt 
sadden  alternations  of  temperatORi  aad  a  (biurth  oaat  ha  pretty  hard. 

The  filling  in  of  the  mded  metal  Is  auuHigad  ia  two  waya.  For  ttnog  pieee%  whsis 
moalds  can  be  baried  ia  the  aronad  at  7  or  8  yaidt  dftrtaaee  fieai  the  Airaaee,  the  BMttl 
may  be  ma  in  gutters,  farmed  ia  the  tend  of  tha  ficor,tattafaiad  by  plates  or  stoasj.  Ha 
day  |dog  is  pierced  with  an  iron  red,  when  all  it  rtady. 


When  from  the  imaller  tiae,  or  greater  diitaBce  of  the  moeU^  the  ndled  melsl 
caanot  be  rua  along  the  floor  from  the  Ihraace,  it  It  rteeived  la  cas^troB  pots  or  ladH 

lined  with  a  coat  of  loam.  These  are  either  carried  by  the  hands  of  two  or  more  mes, 
or  transported  by  the  crane.  Between  the  successive  castings,  the  discharge  hole  of  tbe 
furnace  is  closed  wilh  a  lamp  of  clay,  appliol  by  means  of  a  stick,  having  a  small  discoT 
iron  fixed  at  its  end. 

AAer  the  metal  is  somewhat  cooled,  the  moalds  are  taken  asnnder,  and  the  excres- 
cences upon  the  edges  of  the  castings  are  broken  off  with  a  hammer.  They  are  a/lenmrds 
more  carefully  trimmed  or  chipped  by  a  chisel  when  qaile  cold.  The  loss  of  weight  in 
founding  is  about  6|  per  cent,  upon  the  pig  iron  employed.  Each  casting  always  rcqoira 
the  meliing  of  considerably  more  than  its  own  weight  of  iron.  This  excess  fonns  the 
gates,  false  seams,  &c. ;  the  whole  of  which  being  deducted,  shows  that  1  cwt.  of  cskt 
ia  consumed  for  every  3  cwts.  of  iron  put  into  the  furoace;  far  every  138  cwts.  of  crude 
metal,  there  will  be  100  cwts.  of  castings,  32  of  rclbae  pieces,  and  6  of  waste. 

JBzpIanation  of  the  plates. 

Mawiter  of  conttmeting  fht  Mould  ofm  gafarjwwu 

Fig.  468.  View  of  the  pan. 

—  469.  Flat  ring  of  cast-iron  for  supporting  the  inner  mould. 

—  470.  Construction  of  the  inner  mould. 

—  471.  Formation  of  the  outer  surihce  of  the  pan. 

—  472.  Finished  mould. 

—  473.  Position  of  the  two  flat  cast-iron  rings,  destined  to  sustain  the  moulds  of  tbe 
inner  and  the  outer  surface. 

Goi-ntoH  Mouidktg. 

—  474.  Vertical  projection,  perpendicular  to  the  akit  of  the  retort;  and  two 
the  one  upright,  the  other  horizontal. 

—  475.  Construction  of  the  core  of  the  retort 

—  476.  Disposition  of  the  outer  mould. 

—  477.  Adjustment  of  the  core  in  the  mould. 

—  478.  Cupola  furnace.   It  is  3  feet  wide  within,  and  13}  high, 
m  m,  solid  body  of  masonry,  as  a  basis  to  the  famaoe. 
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etmgonal  platfonn  of  cast  iroo,  with  a  ledge  in  which  the  plates  a  a  a  a  are  en- 
sight  plates  of  cast  iron,  1  inch  thick,  absolutely  similar ;  only  one  of  them  is 
at  its  lower  part  in  c,  to  allow  the  melted  metal  to  run  out,  and  two  of  the  others 
L  apertures  g  g     &c.  to  admit  the  tuydres. 

fice  for  letting  the  metal  flow  out.  A  kind  of  cast  iron  gutter,  e,  lined  with  loam, 
to  the  orifice. 

Dps  of  hammered  iron,  4}  inches  broad ;  one  half  of  an  inch  thick  for  the  bottom 

id  a  quarter  of  an  inch  for  the  upper  ones.   The  intermediate  hoops  decrease  in 

BS  from  below  upwards  between  these  limits. 

C  iron  gutter  or  spout,  lined  with  loam,  for  running  off  the  metal. 

cylindncal  piece  of  cast  iron,  for  increasing  the  height  and  draught  of  the 

e<H^iBSs  Tor  receiving  the  tuyeres,  of  which  there  are  six  upon  each  side  of  the 
.  Each  of  them  may  be  shut  at  pleasure,  by  means  of  a  small  cast  iron  plate  A, 
» slide  horixontally  in  grooves  sunk  in  the  main  plate,  pierced  with  the  holes 

Bterior  lining  of  the  surface,  made  of  sand,  somewhat  argillaceous,  in  the  following 

way.  AAer  having  laid  at 
the  bottom  of  the  furnace  a 
bed  of  sand  a  few  inches  thick, 
slightly  sloped  towards  the 
orifice  of  discharge,  there  is 
set  upright,  in  the  axis  of  the 
cupola,  a  wooden  cylinder  of 
its  whole  height,  and  of  a 
diameter  a  little  less  than  that 
of  the  vacant  space  belonging 
to  the  top  of  the  furnace. 
Sand  is  to  be  then  rammed  in 
so  as  to  fill  the  whole  of  the 
furnace ;  af\er  which  the 
wooden  cylinder  is  with- 
drawn, and  the  lining  of  sand 
is  cut  or  shaved  away,  till  it  has 
received  the  proper  form. 
This  lining  lasts  generally 

5  or  6  weeks,  when  there  are 

6  meltings  weekly, 
i  t,  cast  iron  circular  plate, 

through  which  the  mouth  of 
the  furnace  passes,  for  protect- 
ing the  lining  in  k  during  the 
introduction  of  the  charges. 

K  K,  level  of  the  floor  of  the 
foundry.  The  portion  of  it 
below  the  running  out  orifice 
consists  of  sand,  so  that  it  may 
be  readily  sunk  when  it  is  wish- 
ed to  receive  the  melted  metal 
in  ladles  or  pots  of  large  di- 
mensions. 

The  fan  distributes  the  blast 
IVom  the  main  pipe  to  three 
principal  points,  by  three 
branch  tubes  of  distribution. 
A  register,  consisting  of  a 
cast-iron  plate  sliding  with 
friction  in  a  frame,  serves  to 
intercept  the  bh^t  at  any  mo- 
meat,  when  it  is  not  desirable 
to  stop  the  moving  power. 
A  large  main  pipe  of  zinc  or 
sheet  iron  is  fitted  to  the  ori- 
fice of  the  slide  valve.  It  is 
square  at  the  beginning,  or 
only  rounded  at  the  ai^^i 
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bnt  at  a  little  distance  it  becomes  cylindrical,  and  eondaets  the  blast  to  the  diTaricmtiif 

points.  There,  each  of  the  branches  turns  up  vertically,  and  terminates  at  bb,  fig,  479, 
where  it  presents  a  circular  orifice  of  7^  inches.  Upon  each  of  the  upright  pipes  6,  tbe 
one  end  of  an  elbow-tube  of  zinc  c  c  c  fig.  479,  is  adjusted  rather  kxwely,  and  the 
other  end  receives  a  tuyt>re  of  wrought  iron  d  d,  through  the  intenremioi&  of  a  skiftiB; 
hose  or  collar  of  leather  red,  hooped  with  iron  wire  to  both  the  tube  and  the  iajin. 
The  portion  c  c  c  c  may  be  raised  or  lowered,  by  sliding  upon  the  pipe  b,  in  order  to 
bring  the  nozzle  of  the  tuyere  d  </,  to  the  requi>ite  point  of  the  furnace.  Tbe  portioa 
e  c  c  c  may  be  made  also  of  wrought  iron.  A  power  of  4  horses  is  adequate  to  drive  this 
fan,  for  supplying  blast  to  3  furnaces. 

The  foundersi  have  observed  the  efflux  of  air  was  not  the  same  when  Mown  into  tbe 
atmosphere,  as  it  was  when  blown  into  the  furnaces ;  the  velocity  of  the  fan,  with  the 
same  impulsive  |)ower,  being  considerably  increased  in  the  latter  case.  They  imagine  that 
tliis  circumstance  arises  from  the  blast  being  sacked  in,  so  to  speak,  by  the  draught  of  the 
furnace,  and  that  the  fan  then  supplied  a  greater  quantity  of  air. 

The  following  experimental  researches  show  the  fallacy  of  this  opinion.  Two  water 
syphons,  e  e  /  /  fy  made  of  glass  tubes,  one  fifth  of  an  inch  in  the  bore,  were  inserted 
into  the  tuyere,  containing  water  in  the  portions,  g  g  g,h  hh.  The  one  of  these  maao- 
metera  for  measuring  the  pressure  of  the  air  was  inserted  at  te,  the  other  in  the  centre  of 
the  nozzle.  The  size  of  this  clnss  tube  was  too  small  to  obstruct  in  any  sensible  desrre 
the  outlet  of  the  air.  It  was  found  that  when  the  tuyeres  of  the  fan  discharged  into  tbe 
open  air,  the  expenditure  by  a  nozzle  of  a  constant  diameter  was  proportional  to  tbe 
number  of  the  revolutions  of  the  vanes.  It  was  further  found,  that  when  the  speed  of  tbe 
vanes  was  constant,  the  expenditure  by  one  or  by  two  nozzles  was  proportional  to  the  total 
area  of  these  nozzles.  The  following  formulae  give  the  volume  of  air  furnished  by  tbe 
fan,  when  the  number  of  turns  and  the  area  of  the  nozzles  are  known. 

25-32  S  n 
Volume  =  —  (1) 

1-000,000 
0-86'6  7  S  n 
Volume  =  (2) 

1,000,000 

The  volume  is  measured  at  32°  Fahr.,  under  a  pressure  of  29-6  inches  barom. 
S  =  is  the  total  nrea  ol'lhe  orificps  of  the  tuyeres  in  square  inches. 
n  —  llie  number  of  turns  of  the  vane>  in  a  minute. 

Alter  measuring  the  speed  of  the  vanes  blowing  into  the  atmosphere,  if  we  introJuce 
the  nozzle  of  discharce  into  the  orifice  of  the  furnace,  we  shall  find  that  their  speed  im- 
mediately augments  in  a  nolahle  dcsree.  We  miL'hl.  therefore,  naturally  supp<.<e  ili^t 
the  furi  liirnishes  more  air  in  the  second  case  than  in  the  first;  but  a  little  retlection  will 
show  that  it  is  not  so.  In  fact,  the  air  which  issues  in  a  coM  slate  from  the  tujire 
encounters  instantly  in  the  furnace  a  very  high  temperature,  which  expands  it,  and 
contributes,  along  with  the  solid  matters  with  which  the  furnace  is  filled,  to  diminish 
the  facility  of  the  discharge,  and  consequently  to  retard  the  efflux  by  the  nozzles.  The 
oxycen  gas  consumed  is  replaced  by  a  like  volume  of  carbonic  acid  gas,  equally  expan- 
sible by  Ijeat.  Reason  leads  us  to  conclude  that  less  air  flows  from  the  nozzles  into  ihe 
furnac*'  than  into  the  open  atmosphere. 

Thv  increase  in  the  velocity  of  the  vanes  takes  place  precisely  in  the  same  manner, 
when  after  having  made  the  nozzles  blow  into  the  atmosphere,  we  substitute  for  th<?se 
noz/les  others  of  a  smaller  diameter,  instead  of  directing  the  larger  ones  into  the  furnace. 
Hence  we  may  conceive  that  the  proximity  of  the  charged  furnace  acts  upon  the  blast 
like  the  contraction  of  the  nozzles.  When  the  moving  power  is  uniform,  and  the  veltK-iiy 
of  the  vanes  remains  the  same,  the  quantity  of  air  discharged  must  also  be  the  same  in  the 
two  cases. 

Two  tuyeres,  one  5  inches  in  diameter,  the  other  4^,  and  which,  consequently,  pre- 
sented a  total  area  of  35|  square  inches,  discharged  air  into  one  of  the  furnaces,  frt»m  a 
fan  whose  vanes  performed  654  turns  in  the  minute.  These  two  nozzles  beintr  hriskiy 
withdrawn  from  the  fuinace,  and  turned  round  to  the  free  air,  while  a  truncaltnl  l^a^te- 
board  cone  of  3^  inches  diameter  was  substituted  for  the  nozzle  of  4. J  inches,  whertby 
the  area  of  efflux  was  reduced  to  29*3  square  inches,  the  velocity  of  the  ^-anes  conlinueJ 
exactly  the  same.  The  inverse  operation  having  been  performed,  that  is  to  say,  the  two 
original  nozzles  having  been  smartly  replaced  in  the  furnace,  to  discover  whether  or  not 
the  movinc  power  had  changed  in  the  interval  of  the  experiment,  they  betrayed  no  per- 
ceptible alteration  of  speed.  From  the  measures  taken  to  count  the  speed,  the  error 
could  not  exceed  3  revolutions  per  minute,  which  is  altogether  unimportant  upon  the 
number  654. 
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It  follow*,  therefore,  that  when  the  yanes  of  the  fan  have  the  Telocity  of  654  turns  per 
minute,  the  expenditure  by  two  nozzles,  whose. joint  area  is  35^  square  inches,  both 
blowing  into  a  furnace,  is  to  the  expenditure  which  lakes  place,  when  the  same  nozzles 
blow  into  the  air,  as  35*5  is  to  29*3 ;  that  is,  a  little  more  than  four  fifths. 

If  this  be,  as  is  probable,  a  general  rule  for  areas  and  speeds  considerably  different 
IWmd  the  above,  to  find  the  quantity  of  air  blown  into  one  or  more  furnaces  by  the  fan, 
we  should  calculate  the  volume  by  one  of  the  above  formulae  (1)  or  (2),  and  take  four  fiAhs 
of  the  result  as  the  true  quantity. 

The  fan  A  c  here  represented  is  of  the  best  eccentric  form,  as  constructed  by  Messrs. 
Braithwaite  and  Ericsson,  d  is  the  circular  orifice  round  the  axis  by  which  the  air  is 
•dmitied ;  and  c  c  b  is  the  eccentric  channel  through  which  the  air  is  wafled  towards 
the  main  discharge  pipe  e. 

FOUNTAIN ;  a  stream  of  water  rising  up  through  the  superficial  strata  of  the  earth. 
See  Artksian  Wells. 

FOXING  is  a  term  employed  by  brewers  to  characterize  the  souring  of  beer,  in  the 
process  of  its  fermentation  or  ripening. 

FRANKFORT  BLACK  is  made  by  calcining  vine  branches,  and  the  other  refuse 
lees  of  the  vinegar  vats  in  Germany.   I'hey  must  be  previously  washed. 

FREEZING.  (Congelation,  Fr. ;  Ge/rierung,  Germ.)  The  three  general  forms,  solid, 
liquid,  and  gaseous,  under  one  or  other  of  which  all  kinds  of  matter  exist,  seem  to  be 
immediately  referable  to  the  influence  of  heat ;  modifying,  balancing,  or  subduing  the 
attraction  of  cohesion.  Every  solid  may  be  liquefied,  and  every  liquid  may  be  vaporized, 
by  a  certain  infusion  of  caloric,  whether  this  be  reganied  as  a  moving  power  or  an  elas- 
tic essence.  The  converse  of  this  proposition  is  equally  true ;  for  many  eases,  till  lately 
•tyled  permanent,  may  be  liquefied,  nay,  even  solidified,  by  diminution  of  their  tempera- 
ture, either  alone,  or  aided  by  a  condensing  force,  to  bring  their  particles  within  the 
sphere  of  aggregative  attraction.  When  a  solid  i»  transformed  into  a  liquid,  and  a  liquid 
into  a  gas  or  vapor,  a  quantity  more  or  less  considerable  of  heat  is  absorbed,  or  becomes 
latent,  to  use  the  term  of  Dr.  Black,  the  celebrated  discoverer  of  this  great  law  of  nature. 
When  the  opposite  transformation  takes  place,  the  heat  absorbed  is  again  emitted,  or 
what  was  latent  becomes  sensible  caloric.  Upon  the  first  principle,  or  the  absorption  of 
heat,  are  founded  the  various  artificial  methods  of  producing  cold  and  congelation. 
Tables  exhibiting  a  collective  view  of  all  the  Frigorific  Mixtures  contained  in 
Mr.  Walker's  publication,  1808. 

I. — Table  consisting  of  Frigorific  Mixtures,  composed  of  ice,  with  chemical  salts  and 
acids. 

Frigorific  Miztares  with  Ice. 


MIXTURES. 

Thermumeter  sinks. 

Degrvs  of  cold 
prodacftd. 

Snow,  or  pounded  ice 
Muriate  of  soda 

-  2  parts 

-  1 

0) 

to  —  5° 

• 

Snow,  or  pounded  ice 
Muriate  of  soda 
Muriate  of  ammonia  - 

-  5  parts 

-  2 

-  1 

•m  any  temperatur 

to  —  12° 

• 

Snow,  or  pounded  ice 
Muriate  of  soda 
Muriate  of  ammonia 
Nitrate  of  potash 

-  24  parU 

-  10 

-  6 

-  5 

to— 18° 

• 

Snow,  or  pounded  ice 
Muriate  oif  soda 
Nitrate  of  ammonia  - 

-  12  parts 
.  5 

-  6 

to  — 25° 

• 

Snow 

Diluted  sulphuric  acid 

-  3  parts 

-  2 

From  +  32P  to  — 

23° 

55 

Snow 

Mariatic  acid 

-  8  parts 

-  5 

From  -f  32°  to  — 

27° 

59 

Snow 

Dilated  nitric  acid  - 

-  7  parts 

-  4 

From  +  32?  to  — 

30° 

62 

Snow 

Muriate  of  lime 

-  4  parts 

-  5 

From  +  32°  to  — 

40° 

72 

Snow 

Cryst.  muriate  of  lime 

-  2  parts 

-  3 

From  -f  32°  to  — 

50° 

82 

Snow 
Potash 

-  3  parts 

-  4 

Frt)m  -f  32°  to  — 

51° 

83 

^  ibr  tlM  obMom  It  tke  kit  eohm  of  tke 

«  slAkiag  in  these  miitiiict  to  the  degree  BMBtimcd  m  Ike 
lower,  whatcrer  My  he  the  tenpenUwte  of  the  ■Mtemlo  «t 

n^Tii%le,  eouirttiig  oT  FrigoriAe  Miztoreiy  hsving  the  power  of 
atiDf  eoldy  without  the  aid  of  iee^  ivfllcieBt  for  all  welU  ud  phUooo] 
uy  put  of  the  worid  at  oy  team. 


TT 

-  a 


Mm  iae  of 

Nitmtt  of 

Nitmir  of  ami 
Co  J  IjLiiifjiiy  of 
Walter 


IMph&te  of 


+  i(Pia— r 


Mnila  if  aannaahi 


partt 


8ul  [Airti  W  4i4a 
Nilrvtt  of  ittMnfa 
tmmtd  nWeaeiA 


Phoiaphiile  of  j^odtt 

DiUitrd  nitric  aciil  * 

Pha«pbiile  of  51:  id  a 
Ntfralc  of  nmjTjotija  - 

BiliiTr^d  nilrjc  ftciU  ' 

[finite  of  ibda  ^ 

MufiAtic  ncM  -  v 


parts 


dal|ibatc  of  iOiim 
Dilaled  wiphuric  acM 


n 


I^r.  B. — If  the  materials  are  mixed  at  a  warmer  temperature  than  that  exprened  ii  the 
table,  the  ciTect  will  be  proportionably  greater ;  thns,  if  the  most  powerftil  of  these 
mixtures  be  made  when  the  air  is  +  85**,  it  will  sink  the  thermometer  to  +  2*. 

m.— ^Table  consisting  of  Frigorific  Mixtures  selected  from  the  foregoing  Tables,  tad 
eombined  so  as  to  increase  or  extend  cold  to  the  extremest  d^ees. 

ComMiiKtiaui  «f  Fntorific  Mixture*. 


PtintphattiTiin  ^ 
JfHratecfinwwib  - 
BiliilediiltiiiMid  < 

^  S  parts 

-  3 

-  4 

From    to  —  VP 

PhOfisphnle  of  soda  - 
Nitrate  of  ammonia  - 
Diliitpfi  mixed  acids  - 

'  3  partt , 
-  4 

m  ' 

Snow 

^  Bilot^d  zutii«  - 

*   3  parts 
.  t 

Fhn  OP  to  —  W 

m' 

f 
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TABLE  m.— coii/tiMMi. 


MIXTURES. 

TharmoiiMUr  •inks. 

D«f .  of  oold 
predoced. 

-   8  parts 

pDUriC  KCIU             ~  o 

ric  acid      -      -  3 

From  —  ICP  lo  ^  SiBP 

'1  pari 
Iphuric  acid  -      -  1 

From  —  20*  to  —  60* 

40 

-  3  parts 
'  lime  -      -      -  4 

From  +  20*  to  —  48° 

68 

-  3  parts 
'  lime  -      -      -  4 

From  +  10*  to  —  54« 

64 

-  2  parU 
'  lime  -  .    -      -  3 

From  —  15®  to  —  68° 

53 

-    1  part 

riate  of  lime  -      -  2 

From  0*  to  —  66° 

66 

-  1  part 
riate  of  lime  -      -  3 

From  — 40°  to— 73° 

33 

-  8  parts 
Iphoric  acid  -      -  10 

From  — 68°  to  — 91° 

23 

le  materials  in  the  first  column  are  to  be  cooled,  previously  to  mixing,  to  the 
required,  by  mixtures  taken  from  either  of  the  preceding  tables. 
3rbs  1000  degrees  of  heat  in  becoming  vapor;  whence,  if  placed  in  a  saucer 
fiausted- receiver,  over  a  basin  containing  strong  sulphuric  acid,  it  will  freeze 
absorption  of  its  heat  into  the  vapor  so  copiously  formed  under  these  circum- 


)st  powerful  means  of  artificial  refrigeration  is  afiforded  by  the  evaporation 
larbonic  acid  gas;  for  the  frozen  carbonic  acid  thus  obtained  has  probably  a 
100°  under  zero ;  so  that  when  a  piece  of  it  is  laid  upon  quicksilver,  it  in- 
als  this  metal.    The  more  copious  discussion  of  this  subject  belongs  to 

ince. 

BERRIES;  Berries  of  Avignon. 
N",  counteraction  of;  see  Lubrication. 
e  Enamel  and  Glass. 
imbustibhy  Fr. ;  Brennaioff,  Grcrm.). 

ustibles  as  are  used  for  fires  or  furnaces  are  called  fuel,  as  wood,  turf,  pit- 
!  differ  in  their  nature  and  in  their  power  of  giving  heat, 
wrhich  is  divided  into  hard  and  soA.   To  the  former  belong  the  oak,  the 
der,  the  birch,  and  the  elm ;  to  the  latter,  the  fir,  the  pine  of  different  sorts, 
•  linden,  the  willow,  and  the  poplar. 

e  dryness  and  weight  different  woods  are  found  to  afford  equal  decrees  of^ 
ustion.  Moisture  diminishes  the  heating  power  ip  three  ways ;  by  diminish- 
ive  weight  of  the  ligneous  matter,  by  wasting  heat  in  its  evaporation,  and 
ow  and  imperfect  combustion.  If  a  piece  of  wood  eontain,  for  example,  25 
water,  then  it  contains  only  75  per  cent,  of  fuel,  and  the  evaporation  of  that 
iquire  A-  part  of  the  weight  of  the  wood.  Hence  the  damp  wood  is  of  lest 
bustion  by  or  |.  than  the  dry.  The  quantity  of  moisture  in  newly  felled 
ts  to  from  20  to  50  per  cent.  ;  birch  contains  30,  oak  35,  beech  and  pine  39, 
15.  According  to  their  different  natures,  woods  which  have  been  felled  and 
nonths  contain  still  from  20  to  25  per  cent,  of  water.  There  is  never  less 
cent,  present,  even  when  it  has  been  kept  long  in  a  dry  place,  and  though  it 
strong  heat,  it  will  aderwards  absorb  10  or  12  per  cent,  of  water.  If  it  be 
kiln  dried,  its  heating  powers  are  impaired  by  the  commencement  of  carbon- 
r  some  of  its  hydrogen  were  destroyed.  It  may  be  assumed  as  a  mean  of 
mental  results,  that  1  pound  of  artificially  dried  wood  will  heat  35  pounds 
n  the  freezing  to  the  boiling  point;  and  that  a  pound  of  such  wood  as  con- 
)  to  25  per  cent,  of  water  will  heat  26  pounds  of  iee-eold  water  to  the  same 
s  better  to  buy  wood  by  measure  than  by  weight,  as  the  bulk  is  very  little 
'  moisture.  ^  The  value  of  different  woods  for  fuel  is  inversely  as  their  mois- 
8  may  easily  be  ascertained  by  taking  their  shavings,  drying  them  in  a  heat 
ind  seeing  how  much  weight  they  lose. 

7  combustible  the  heat  is  diffused  either  by  radiation  or  by  direct  conunnni- 
ies  in  contact  with  the  flame.  In  a  wood  fire  the  qiiantity  of  radiating  heat 
fttted  by  the  air  as  1  to  3 ;  or  it  is  one  fourth  of  the  whole  hea.UA.%  vv««t 
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II.  Charcoal,  The  diflTercnt  charcoals  afford,  under  equal  weights,  equal  qaantiiies  of 
heat.  Wc  may  reckon,  upon  an  average,  thai  a  |)ound  of  dry  charcoal  is  capable  cf 
heating  73  pounds  of  water  from  the  freezing  to  the  boiling  point;  but  when  it  hasbcca 
for  some  time  cx|)0iied  to  the  air,  it  contains  at  least  10  per  cent,  of  water,  which  is  pir- 
tially  decumpo.scd  in  the  combustion  into  carbureted  hydrogen,  which  causes  Aum, 
whereas  pure  dry  charcoal  emits  none. 

A  cubic  fuut  of  charcoal  from  soft  wood  weiehs,  upon  an  areras^e,  from  8  to  9  poasds, 
and  from  hard  wood  12  to  13  pounds ;  and  hence  the  latter  are  best  adapted  to  maintiia 
a  hi^'h  heat  in  a  small  compass.  The  radiating  heat  from  charcoal  tires  constitutei  oie 
third  of  I  lie  whole  emitted. 

III.  Pifcoal.  The  varieties  of  this  coal  are  almost  indefinite,  and  give  oat  Tcry  vi* 
rious  quantities  of  heat  in  their  combustion.  The  carbon  is  the  heat-givins;  coostitaeat, 
and  it  amounts,  in  dili'orent  cuals.  to  from  75  to  95  per  cent.  One  poand  of  good  pitcoil 
will,  upon  an  average,  heat  60  pounds  of  water  from  the  freezing  to  the  boiling  poitL 
Small  cual  gives  out  three  fourths  of  the  heat  of  the  larger  lumps.  The  radiating  hcH 
emiiled  by  burning  pitcual  is  greater  than  that  by  charcoal. 

IV.  Tht  ioke  of  pitcoal. — The  heating  power  of  good  coke  is  to  that  of  pitcoal  as  75 
to  6U.  One  pound  of  the  former  will  heat  (i5  |>oQnds  of  water  from  32^  to  212°;  so  thit 
its  power  is  equal  to  nine  tenths  of  that  of  wood  charcoal. 

V.  Turf  or  peal, — One  pound  of  this  fuel  will  heat  from  25  to  30  pounds  of  water 
from  freezing  to  boiling.  Its  value  depends  upon  its  compactness  and  freedom  fiOD 
earthy  panicles ;  and  its  radiating  power  is  to  the  whole  heat  it  emits  in  burning  as  1  to 3. 

VI.  Carbureted  hydrogen  or  coal  gas, — One  pound  of  this  gas,  equal  to  about  24  cabk 
feet,  disengages,  in  burning,  as  much  heat  as  will  raise  76  pounds  of  water  from  the 
freezing  to  the  boiling  temperature. 

In  the  following  table  the  fourth  column  contains  the  weight  of  atmospherical  air, 
whose  oxvi^en  is  required  fur  the  complete  combustion  of  a  pound  of  each  particolar 
substance. 


r 

SiM^ries  of  ronibustib'9. 

Puiiiids  of  wMt«<r 
wtiich  a  pouod  <  an 
h«  It  from  O**  lu  SI 2°. 

I'ouiiUk  uf  IfOiliiig 
water  •vapoiated  by 
1  ptiuiid. 

Weight  of  ntuM^pbcnc 
air  ftt  SS*^,  tu  ban 
1  pouoJ. 

Perfectly  dry  wood 

35  00 

6-36 

5-96 

Wood  in  its  ordinary  state 

26-00 

4-72 

4-47 

"Wood  ciiarcoal 

73  00 

13-27 

11-46 

Pitcoal  - 

GO  (K) 

10-90 

9-26 

Cuke  - 

65-00 

11-81 

11-46 

Tiirf 

30-00 

5-45 

4-60 

Turf  charcoal 

6100 

11-63 

9-86 

Ciirbureleil  hjdrogen  gas - 

76-00 

13-81 

14-58 

Oil  ) 

Wax  \ 

78-00 

14-18 

1500 

Tallow  ) 

Alcohol  of  the  shops 

52-60 

9-56 

11-60 

The  quantity  of  air  slated  in  the  fourth  column  is  the  smallest  possible  required  to 
burn  the  onibustibic,  and.  is  greatly  le<s  than  would  be  necessary  in  practice,  where 
much  of  the  air  never  comes  into  contact  with  the  burning  body,  and  where  it  coose- 
quenlly  never  has  its  whole  oxygen  consumed.  The  healing  |>ower  slated  in  the  second 
column  is  also  the  maximum  ell'ecl,  and  can  seMom  be  realized  with  ordinary  boilers. 
The  draught  of  air  usually  carries  otl'  at  least  ^  of  the  heat,  and  more  if  its  tempera- 
ture be  very  high  when  it  leaves  the  vessel.  In  this  case  it  may  amount  to  one  half 
of  the  whole  heat  or  more;  without  reckoning  the  loss  by  radiation  and  conductioo, 
which,  however,  may  be  rendered  very  small  by  enclosing  the  fire  and  flues  within  pro- 
per non-conducting  and  non-radiating  materials. 

It  appears  that,  in  practice,  the  quantity  of  heat  which  may  be  obtained  from  any  com- 
bustible in  a  properly  mounted  apparatus  must  vary  with  the  nature  of  the  object  to  be 
heated.  In  heating  chambers  by  stoves,  and  water  boilers  by  furnaces,  the  effluent  heat 
in  the  chimney  which  constitutes  the  principal  waste  may  be  reduced  to  a  very  moderate 
quantity,  in  comparison  of  that  which  escapes  from  the  best  constructed  reverberatory 
hearth.  In  healing  the  boilers  of  steam  engines,  one  pound  of  coal  is  reckoned  adequate 
to  convert  7^  poimds  of  boiling  water  into  vapor;  or  to  heat  41}  pounds  of  water  from 
the  freezing  to  the  boiling  point.  One  pound  of  fir  of  the  usual  dryness  will  evaporate 
4  pounds  of  water,  or  heat  22  pounds  to  the  boiling  temperature;  which  is  about  two 
thirds  of  the  maximum  elfect  of  this  combustible.  According  to  Watt's  experiments  upon 
the  ereat  scale,  one  pound  of  coal  can  boil  ofl^,  with  the  best  built  boiler,  9  pounds  of 
water;  the  deficiency  from  the  maximum  eflect  being  here  or  nearly  one  sixth. 
In  many  cases,  the  hot  ait  which  passes  into  the  flues  or  chimneys  may  be  ben^ 
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the  heating,  dryinj?,  or  roasting  of  objecU;  but  care  ought  to  be  taken 
)('  the  fire  be  not  thereby  impaired,  and  an  imperfect  combustion  of  the 
For  at  a  low  smothering  temperature  both  carbonic  oxyde  and  carburet- 
be  generated  from  coal,  without  the  production  of  much  heat  in  the 

exactly  the  quantity  of  heat  disengaged  by  any  combustible  in  the  act 
diderent  sy>lera8  of  apparatus  have  been  employed:  1.  the  calorimeter 
l.aplace,  in  which  the  substance  is  burned  in  the  cenireof  a  vessel,  whose 
ith  ice ;  and  the  amount  of  ice  melted,  measures  the  heat  evolved ;  2.  the 
att  and  Kumford,  in  which  the  degree  of  heat  communicated  to  a  given 
>rds  the  measure  of  temperature ;  and  3.  by  the  quantity  of  water  evap- 
t  kinds  of  fuel  in  similar  circumstances. 

;  lo  ascertain  the  relative  heating  powers  of  different  kinds  of  fuel,  we 
much  about  the  total  waste  of  heat  in  the  experiments,  provided  it  be 
and  therefore  they  should  be  burned  in  the  same  furnace,  and  in  the 
the  more  economically  the  beat  is  applied,  the  greater  certainty  will 
there  be  in  the  results.  The  apparatus  fig.  480, 
is  simple  and  well  adapted  to  make  such  com- 
parative  trials  of  fuel.  The  little  furnace  is 
covered  at  top,  and  transmits  its  burned  air  by  c, 
through  a  spiral  tube  immersed  in  a  cistern  of 
water,  having  a  thermometer  inserted  near  its 
top,  and  another  near  its  bottom,  into  little  side 
oriHces  a  a,  while  the  effluent  air  escapes  from  the 
upright  end  of  the  tube  6.  Here  also  a  ther- 
mometer bulb  may  be  placed.  The  average  in- 
dication of  the  two  thermometers  gives  the  mean 
temperature  of  the  water.  As  the  water  evapo- 
rates from  the  cistern,  it  is  supplied  from  a  vessel 
placed  alongside  of  it.  The  experiment  should  be 
begun  when  the  furnace  has  acquired  an  equa- 
ture.  A  throttle  valve  at  c  serves  to  regulate  the  draught,  and  to 
e  different  experiments  by  means  of  the  temperature  of  the  effluent 
irater  has  been  healed  the  given  number  of  degrees,  which  should  be 
different  experiments,  the  fire  may  be  extinguished,  the  remaining  fuel 
ipared  with  the  original  quantity.  Care  should  be  taken  to  make  the 
id  and  free  from  smoke  as  jiossible. 

!)N  designates  th«  sudden  brishtening  of  the  melted  gold  and  silver 
e  assayer,  when  the  last  film  of  vitreous  lead  and  copper  leaves  their 

ARTH  (Terre  d  fouhnj  Jrgile  Smectique,  Fr. ;  Walkertrde,  Germ.) 
coarse  or  fine  eraincd  mass  of  lithomarge  clay.  Its  color  is  irreen- 
gray ;  it  is  dull,  but  assumes  a  fatty  lustre  upon  pressure  with  the 
uous,  does  not  adhere  to  the  tongue,  and  has  a  specific  gravity  vnrying 
I.  It  falls  down  readily  in  water,  into  a  fine  powder,  with  extrication 
nd  forms  a  non-plastic  paste.  It  melts  at  a  high  heat  into  a  brown 
ueots  are  53*0  silica;  lO-O  alumina;  9*75  red  oxyde  of  iron;  1*25 
ne ;  24  water,  with  a  trace  of  potash.  Its  cleansing  action  upon  wool- 
upon  its  power  of  absorbing  greasy  matters.  It  should  be  neither  te- 
|r;  fur  in  the  first  case,  it  would  not  diffuse  itself  well  through  water, 
I  it  would  abrade  the  cloth  too  much.  The  finely  divided  silica  is  one 
dients. 

is  found  in  several  counties  of  England;  but  in  greatest  abundance  in 
kshire,  Hampshire,  and  Surry. 

3f  Surry  there  are  great  quantities  of  fuller's  earth  found  about  Nut- 
d  Blechingley,  to  the  south  of  the  Downs,  and  some,  but  of  inferior 
too  and  Croydon,  to  the  north  of  them.  The  most  considerable  pits 
,  between  which  place  and  Ryegate,  particularly  on  Redhill,  about  a 
f  Ryegate,  it  lies  so  near  the  surface  as  frequently  to  be  turned  up  by 
f  wagons.  The  fuller's  earth  to  the  north  of  the  road  between  Red- 
and  about  a  quarter  of  a  mile  from  the  latter  place,  is  very  thin;  the 
is  thickest  on  the  swell  of  the  hill  to  the  south  of  the  road.  It  is  not 
this  earth  has  been  dug  in  Surry;  the  oldest  pit  now  wrought  is  said 
ween  50  and  60  years,  but  it  is  fast  wearing  out.  The  seam  of  fuller's 
erent  directions.  In  one,  if  not  in  more  cases,  it  inclines  to  the  west 
lie  angle.  There  are  two  kinds  of  it,  the  blue  and  the  yellow ;  the 
isiern  side  of  the  pit,  is  frequently  within  a  yard  of  the  surface,  being 
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eovered  merely  wiih  the  soil— a  tough,  wet,  clayey  loam.  A  few  yards  to  tbe  wci^ 
Uic  blue  kind  appears  with  an  irony  sand-stone,  of  nearly  two  yards  in  thickoeas,  beiweei 
it  and  the  eoil.  The  blae  earth  in  this  pit  is  nearly  16  feet  deep.  In  scnne  plaees  the 
yellow  kind  is  found  lying  upon  the  blue ;  there  seems  indeed,  to  be  ao  regularity  either 
in  the  position  or  inclination  of  the  strata  where  the  fuller's  earth  is  found,  nor  any  maik 
by  which  its  presence  could  be  detected.  It  seems  rather  thrown  in  patches  than  laid  ia 
any  coniinu(.>d  or  regular  vein.  In  the  mklst  of  the  fuller's  earth  are  often  found  lai|e 
pieces  of  stone  of  a  yellow  color,  translucent  and  remarkably  heavy,  which  have  heee 
found  to  be  sulphate  of  barytes,  encnisted  with  quartzose  crystals.  These  are  carefal^ 
removed  from  the  fuller's  earth,  as  the  workmen  say  they  often  spoil  many  tons  of  it 
which  lie  about  them.  There  is  also  found  with  the  yellow  fuller's  earth  a  dark  brawi 
crust,  which  the  wtirkraen  consider  as  injurious  also.  In  Surry  the  price  of  fuller's  earth 
seems  to  have  varied  vcrv*  little,  at  least  for  these  last  80  years.  In  1730,  the  price  it 
the  pit  was  6'i.  a  t^nck,  and  69.  per  load  or  ton.  In  1744,  it  was  nearly  the  same.  It  is 
carried  in  wa?ons,  each  drawing  from  three  to  four  tons,  to  the  beginning  of  the  ins 
railway  near  Westham,  along  which  it  is  taken  to  the  banks  of  the  Thames,  where  it  ii 
sold  at  the  diH'erent  whar\'es  for  about  25«.  or  26«.  per  ton.  It  is  then  shipped  off  cilhcr 
to  the  north  or  west  of  England. 

The  next  chnrncteristic  stratum,  owing  to  its  forming  a  rid^e  of  ccnspteuous  hills  throagk 
the  country,  is  the  Woburn  land,  a  thick  ferruginous  stratum,  which  below  its  middle  cob- 
tains  a  stratum  of  fuller's  earth.  This  is  thicker  find  more  pure  in  Aspley  and  Hogstye- 
end,  two  miles  north-west  of  Woburn,  than  in  any  known  place. 

Fuller's  enrlh  is  found  at  Tillini;ton,  and  consumed  in  the  neighboring  fulling  mills. 

Mode  of  preparing  fuller's  earth  : — 

After  bnkinie  it  is  thrown  into  cold  water,  where  it  falls  into  powder,  and  the  separ- 
ation of  the  coarsr  from  the  fine  i<i  effectually  accomplished,  by  a  simple  method  used  is 
the  dry  color  manufactories,  called  washing  over.  It  is  done  in  the  following  maaaer: 
Three  or  four  tubs  are  connected  on  a  line  by  spouts  from  their  tops ;  in  the  first  the 
earth  is  beat  nnd  stiried,  and  the  water,  which  is  continually  running  from  the  first  to 
the  last  through  intermediate  ones,  carries  with  it  and  deposites  the  fine  whilst  thecoarve 
settles  in  the  first.  The  advantages  to  be  derived  from  this  operation  are,  that  the  two 
kinds  will  be  much  fitter  for  their  respective  purposes  of  cleansing  coarse  or  fine  doth; 
for  without  baking  the  earth  they  would  be  unfit,  as  before  noticed,  to  incorporate  fo 
minutrly  with  the  water  in  its  native  stale;  it  would  neither  so  readily  fall  down,  nor  to 
easily  hv  divideil  into  dillVrent  qualities,  without  the  process  of  washing  over.  Wheafod 
is  scarce  for  Imkini?  the  eailh,  it  is  broken  into  pieces  of  the  same  size,  as  mentioned 
above,  Mud  then  exi)();5e(l  to  ti.e  heal  of  the  sun. 

The  various  u<»  s  of  hillfr's  earth  may  be  shortly  explained.    According  to  the  above 
mclhi  il,  the  coarse  atiil  line  of  one  pit  beint?  separated,  the  first  is  used  for  cloths  of 
an  inferior,  anil  the  s(  ci»nd  for  those  of  a  superior  quality.    The  yellow  and  the  bloe 
earths  of  Surry  are  of  dillerent  qualities  naturally,  and  are,  like  the  above,  obtained  arti- 
ficially, and  nsfd  for  dillerent  pur|>oses.    The  former,  which  is  deemed  the  best,  ii 
employed  in  fullintf  the  kerseymeres  and  finer  cloths  of  Wiltshire  and  Gloucestershire, 
whi^t  the  blue  is  principally  sent  into  Yorkshire  for  the  coarser  cloths.    Its  eflfecl  on 
these  cloihs  is  owinj?  to  the  affinity  which  alumine  has  for  greasy  substances;  it  unites 
rea<lily  with  them,  and  Ibrms  combinations  which  easily  attach  themselves  to  different 
stuHs,  and  thereby  serve  the  purpose  of  mordants  in  some  measure.    The  fullers  generaUr 
apply  it  before  they  use  the  soap. 
FULLTXd;  for  the  the,)r>'  of  the  process,  see  Felting  nnd  Wool. 
FULLING  MILL.    Willan  and  Ogle  obtained  a  patent  in  1825  for  improved  ful- 
480*  ling  machiner}',  designed  to  act  in  a  sim- 

ilar way  to  the  ordinary  stocks,  in  which 
cloths  are  beaten,  for  the  purpose  of  wash- 
in?  and  ihickenin?  them ;  but  the  standard 
and  the  bed  of  the  stocks  are  made  of  iron 
instead  of  wood  as  heretofore  ;  and  a  steam 
vessel  is  placed  under  the  bed,  for  heating 
the  cloths  durin?  the  operation  of  fulling; 
whereby  their  appearance  is  said  to  be  great- 
ly improved. 

Fif^,  4H0*  is  a  section  of  the  fulling 
machine  or  stocks ;  a  is  a  cast-iron  pillar, 
made  hollow  for  the  sake  of  lishtness ;  6 
is  the  bed  of  the  stocks,  made  also  of  iron, 
and  polished  smooth,  the  side  of  the  stock 
being  removed  to  show  the  interior;  c  is 
n  the  lever  that  carries  the  beater  d.  The 

^  cloths  are  to  be  placed  on  the  bed  b,  a 
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boCtoa,  and  water  allowed  to  pass  through  the  stock,  when  by  the  repeated  blows  of  the 
beater  d,  which  is  raiMd  and  let  fall  in  the  usual  way,  the  cloths  are  beaten,  and  become 
daansed  and  fulled. 

A  part  of  the  bed  at  e,  is  made  hollow,  for  the  purpose  of  forming  a  steam  box,  into 
which  steam  from  a  boiler  is  introduced  by  a  pipe  with  a  stop<cock.  This  steam  heats 
the  bed  of  the  stock,  and  greatly  facilitates,  as  well  as  impro? es  the  process  of  cleansing 
aed  falling  the  cbths. 

The  smoothness  of  the  surface  of  the  polished  metal,  of  which  the  bed  of  the  stock  in 
eonatitnted,  is  said  to  be  very  much  preferable  to  the  roughness  of  the  surface  of  wood 
of  which  ordinary  fullins  stocks  are  made,  as  by  these  iron  stocks  less  of  the  nap  or  felt 
of  the  cloth  is  removed,  and  its  appearance  when  finished  is  very  much  superior  to  cloths 
failed  in  ordinary  stocks. 

In  the  operation  of  fulling,  the  cloths  are  turned  over  on  the  bed,  by  the  falling  of  the 
beaten,  but  this  turning  over  of  the  cloths  will  depend  in  a  great  measure  upon  the  form 
of  the  (ront  or  breast  of  the  stock.  In  these  improved  stocks,  therefore,  there  is  a  con- 
trivance by  which  the  form  of  the  front  may  be  varied  at  pleasure,  in  order  to  suit  cloths 
of  ditTerent  qualities ;  /,  is  a  moveable  curved  plate,  constituting  the  front  of  the  stock ; 
its  lower  part  is  a  cylindrical  rod,  extending  along  the  entire  width  of  the  bed,  and  being 
itlcd  into  a  recess,  forms  a  hinge  joint  upon  which  the  curved  plate  moves ;  g,  is  a  rod 
attached  to  the  back  of  the  curved  pla^e  /,  with  a  screw  thread  upon  it ;  this  rod  passes 
through  a  nut  h,  and  by  turning  this  nut,  the  rod  is  moved  backward  or  forward,  and  oon- 
teqoently  the  position  of  the  curved  plate  altered. 

The  nut  A,  is  a  wheel  with  teeth,  teking  into  two  other  similar  toothed  wheels,  one  on 
each  side  of  it,  which  are  likewise  the  nuts  of  similar  rods  jointed  to  the  back  of  the 
earred  plate  /;  by  turning  the  central  wheel,  therefore,  which  may  be  done  by  a  winch, 
the  other  two  wheels  are  turned  also,  and  the  curved  plate  moved  backward  or  forward. 
At  the  Qpper  part  of  the  plate  there  are  pins  passing  through  curved  slots,  which  act  as 
glides  when  the  plate  is  moved. 

The  patentees  state  in  conclusion,  that  steam  has  been  employed  before  for  heating 
doths  while  fulling  them,  they  therefore  do  not  exclusively  claim  its  use,  except  in  the 
particular  way  described ;  the  advantages  arising  from  the  construction  of  iron  stocks, 
with  polished  surfaces  in  place  of  wooden  ones,  together  with  the  moveable  curved  plates 
dcKribed,  are  in  their  opinion  "  sufficiently  important  to  constitute  a  patent  richi." 

FULMINATES,  or  fulminating  jmodtr$.  Of  these  explosive  compounds,  there  are 
•sveral  species;  such  as  fulminating  gold,  mercury,  platinum,  silver;  besides  the  old 
fesiMe  mixture  of  nitre,  sulphur,  and  potash.  The  only  kind  at  all  interestinii:  in  a  man- 
afactaring  point  of  view  is  the  fulminate  of  mercury,  now  so  extensively  used  as  a  pri- 
■ing  to  the  caps  of  percussion  locks.  Having  published  a  paper  in  the  Journal  of  the 
Royal  Institution  for  1831,  upon  eunpowder  (see  Ounpowdes),  the  result  of  an  elaborate 
mite  of  experiments,  I  was  soon  aAerwards  requested  by  the  Hon.  the  Board  of  Ordnance 
to  make  such  researches  as  would  enable  me  to  answer,  in  a  satisfactory  practical  manner, 
a  series  of  questions  upon  fulminating  powders,  subservient  to  the  future  introduction  of 
pereosiion  muskets  into  the  British  army.  The  following  is  a  verbatim  copy  of  my  re- 
port upon  the  subject : — 

To  the  Secrttary  of  the  Board  of  Ordnanct, 
Sra, — I  have  the  honor  of  informing  you,  for  the  instruction  of  the  Honorable  the 
Master  General  and  the  Board  of  Onlnance,  that  the  researches  on  fulminating  mercury, 
which  I  undertook  by  their  desire,  have  been  brought  to  a  satisfactory  conclusion,  ailer 
a  nnmerons,  diversified,  and  somewhat  hazardous  series  of  experiments.  The  following 
ue  the  questions  submitted  to  me,  with  their  respective  answers : — 

Qnc«/»oa  1.  What  proportions  of  mercury,  with  nitric  acid  and  alcohol  of  certain 
Itreogths,  will  yield  the  greatest  quantity  of  pure  fulminate  of  mercury  7 

Jh»wer,  One  hundred  parts,  by  weight,  of  mercury,  must  be  dissolved  with  a  ventle 
heat,  in  1000  parts  (also  by  weight)  of  nitric  acid,  spec.  gr.  1-4;  and  this  solution,  at 
the  temperature  of  about  130^  Fahr.,  must  be  poured  into  830  parts  by  weight  of  alcohol, 
ipee.  cr.  0*830. — Nott.  830  parts  of  such  alcohol,  by  weight,  constitute  1000  by  measure ; 
Mid  1000  parts  of  such  nitric  acid,  by  weight,  constitute  740  by  measure.  Hence,  in 
roand  numbers,  one  ounce  weizht  of  quicksilver  must  be  dissolved  in  7}  oz.  measures  of 
the  above  designated  nitric  acid,  and  the  resulting  kolution  must  be  poured  into  10  oz. 
■easnrrs  of  the  said  alcohol. 

Qact/ion  2.  What  is  the  most  economical  and  safe  process  for  conducting  the  manipu- 
latbn,  either  as  regards  the  loss  of  nitrous  gas  and  residuum,  or  as  respects  danger  to 
the  operator;  also,  what  is  the  readiest  and  safest  mode  of  mixing  the  fulminate  in  t^ 
mtdy  with  its  due  proportions  of  common  gunpowder. 

4iuwv,  The  mercury  should  be  dissolved  in  the  acid  in  a  glass  retort,  the  beak  of 
thick  is  loosely  inserted  into  a  large  balloon  oir  bottle  of  glass  or  earthenware^  whereby 
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the  ofTensive  fumes  of  the  nitrous  zbs  diseneaged  during  the  solution,  are,  in  a  consider 
able  measure,  condensed  into  liquid  acid,  which  should  be  returned  into  the  retort  ii 
soon  as  the  mercury  is  all  dissolved,  and  the  solution  has  acquiied  the  prescribed  tem- 
perature of  about  130°,  it  should  be  slowly  poured,  through  a  slass  or  porcelain  fnnd, 
into  the  alcohol  contained  in  a  glass  matrass  or  bottle  capable  of  holding  fully  6  tinci 
the  bulk  of  the  mixed  liquids.  In  a  few  minutes  bubbles  of  gas  will  proceed  from  the 
bottom  of  the  liquid;  these  will  gradually  increase  in  number  and  magnitude  till  ages- 
eral  fermentative  commotion,  of  a  \ery  active  kind,  is  generated,  and  the  mixture  swuDei 
a  somewhat  frothy  appearance.  A  white  voluminous  gas  now  issues  from  the  orifice  of 
the  matrass,  which  is  very  combustible,  and  must  be  suffered  to  escape  freel)  iolo  Ik 
air,  at  a  distance  from  any  flarne.  These  fumes  consist  of  an  ethereous  gas,  hoUiof 
mercury  in  suspension  or  combination.  I  have  made  many  experiments  with  the  view 
of  condensing  this  i^as,  or,  at  least,  the  mercury,  but  with  manifest  disadvantage  to  the 
perfection  of  the  process  of  producing  fulminate.  When  the  said  gas  is  transmitlfd, 
through  a  glass  tube,  into  a  watery  solution  of  carbonate  of  soda,  a  little  oxyde  of 
mercury  is,  no  doubt,  recovered ;  but  the  pressure  on  the  fermentative  mixture,  tboatk 
slight,  necessary  to  the  displacement  of  the  soda  solution,  seems  to  obstmct  or  inpitf 
the  generation  of  the  fulminate ;  this  effect  is  chiefly  injurious  towards  the  end  of  ike 
operation,  when  the  gaseous  fumes  are  strongly  impregnated  with  nitrons  gas.  Wbei 
this  is  not  allowed  freely  to  come  off,  a  portion  of  subnitrate  or  nitrate  of  mercury  is  spl 
to  be  formed,  to  the  injury  of  the  general  process  and  the  product. 

As  soon  as  the  effervescence  and  concomitant  emission  of  gas  are  observed  to  cessi^ 
the  contents  of  the  matrass  should  be  turned  out  upon  a  paper  double  filter,  filled  iatoi 
glass  or  ])orcelnin  funnel,  and  washed  by  the  affusion  of  cold  water  till  the  draininciM 
ioneer  redden  litmus  paper.  The  powder  adhering  to  the  matrass  should  be  washed  oil 
and  thrown  on  the  filter  by  the  help  of  a  little  water.  Whenever  the  filter  is  thoronshly 
drained,  it  is  to  be  lifted  out  of  the  funnel,  and  opened  out  on  plated  copper  or  stoic 
ware,  heated  to  212°  Fnhr.  by  steam  or  hot  water.  The  fulminate,  being  thus  dried,  is  to 
be  put  up  in  paper  parcels  of  about  100  grains  each ;  the  whole  of  which  may  be  after- 
wards packed  away  in  a  liehi  box,  or  a  Iwtile  with  a  coik  stopper.  The  excellence  of 
the  fulminate  may  be  ascertained  by  the  following  characters.  It  consists  of  brownisb- 
gray  small  crystals  which  sparkle  in  the  sun,  are  transparent  when  applied  to  a  slip  of 
glass  with  a  drop  of  water,  and  viewed  by  transmitted  light.  These  minute  spsDfles 
are  entirely  soluble  in  I'AO  times  their  weisht  of  boiling  water ;  that  is  to  say,  an  imperitl 
pint  of  boilini?  water  will  dissolve  67  grs.  of  pure  fulminate.  Whatever  remains  indicates 
impurity.  From  that  solution  beautiful  pearly  spangles  of  fulminate  fall  down  as  the 
liquid  cools. 

It  may  now  be  proper  to  show  within  what  nice  and  narrow  limits  the  best  proportion 
of  the  ingredients  ust-d  in  making  the  fulminate  of  mercury  lie.  The  follnwine  tie 
selected  from  among  many  experiments  instituted  to  determine  that  point,  as  well  as  tbc 
most  economical  process. 

1.  According  to  the  formula  given  by  the  celebrated  chemist  Berzelius,  in  the  4th 
vol.  of  his"Traitc  dc  Chimie,"  recently  published  (p.  383),  the  mercury  should  be 
dissolved  in  12  times  its  weii;ht  of  nitric  acid,  sp.  gr.  1*375 ;  and  alcohol  ofsp.fr. 
0-850,  amounting  to  J(r3  times  the  weight  of  the  mercury,  should  be  poured  at  inter- 
vals into  the  nitric  solution.  The  mixture  is  then  to  be  healed  till  effervescence  with  the 
characteristic  cloud  of  cas  appears.  On  the  action  becoming  violent,  alcohol  i*  to  bf 
poured  in  from  time  to  time  to  repress  it,  till  additional  16.3  parts  have  been  em- 
ployed. 

On  this  process  I  may  remark,  that  it  is  expensive,  troublesome,  dangerons,  and  on- 
productive  of  uenuine  pure  fulminate.  One  fifth  more  nitric  acid  is  expended  lerr 
nearly  than  what  is  necessary,  and  almost  four  limes  the  weight  of  alcohol  which  is 
beneficial.  Of  alc(»hol  at  0-83,  8  3  pans  by  weicht  are  sufficient ;  whereas  Berieli» 
prescribes  nearly  4  times  Ihis  quantity  in  weight,  though  the  alcohol  is  somewhat  weaker, 
being  of  sp.  irr.  0-850.  By  using  such  an  excess  of  alcohol,  much  of  the  fulmiotte  is 
apt  to  be  revived  into  ulobulcs  of  quicksilver  at  the  end  of  the  process,  as  I  showed 
in  my  paper  on  this  subject  published  in  the  Journal  of  the  Royal  Institution  two  yeir? 
aeo.  There  is  no  little  hazard  in  pouring  the  alcohol  into  the  nitric  solution;  for  it 
each  affusion  an  explosive  blast  takes  place,  whereas  by  pouring  the  solution  into  the 
alcohol,  ns  oriijinally  enjoined  by  the  Hon.  Mr.  Howanl,  the  inventor  of  the  proce*?,  no 
dancer  whaK'ver  is  incurred.  J 00  paits  (»f  mercury  treated  in  the  way  recommend^ 
by  Berzelins  afforded  me  only  112  parts  of  fulminate,  instead  of  the  130  obtained  by  bJ 
much  more  economical  and  safe  proportions  and  process  from  the  same  weight  of  qniefc- 
tilver. 

2.  If  10  parts  of  nitric  acid  of  sp.  £r.  1*375  be  used  for  dissolving  1  of  quickuhtf, 
and  if  14  parts  of  alcohol  of  sp.  gr.  0-85  be  thereafter  mixed  with  the  tolution,  the  pi»- 
dvet  of  such  proportions  will  either  be  not  grannlar,  and  therefore  not  rnlminatiagi 
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will  be  partially  granular  and  partially  pulverulent,  being  a  mixture  of  fulminate  and 
ibnitrate  uf  mercury  ill  adapted  for  priming  detonating  caps.  Instead  of  130  parts  of 
^ouine  fulminate,  as  I  do  obtain,  probably  not  more  than  10  parts  of  powder  will  be 
ixluced,  and  that  of  indifferent  quality.    In  fact,  whenever  the  ethereous  fermeniation 

defective,  or  not  vigorous,  little  true  Ailminate  is  generated ;  but  much  of  the  mercury 
mains  in  the  acidulated  alcoholic  liquid. 

3.  If  the  alcohol  be  poured  in  successive  portions,  and  of  proper  strength  (sp.  gr.  0*83), 
lo  a  proper  nitric  solution  of  mercury,  the  explosive  action  which  accompanies  each 
fasion  dissipates  much  of  the  alcohol,  and  probably  impairs  the  acid,  so  that  the  sub- 
quent  ethereous  fermentation  is  defective,  and  little  good  fulminate  is  formed.  From 

10  parts  of  mercury  submitted  to  this  treatment,  I  obtained  in  one  experiment,  carefully 
■de,  only  51  parts  of  a  powder,  which  was  impalpable,  had  a  cream  color,  and  was  not 
:pk)sive  either  by  heat  or  percussion. 

4.  When,  with  100  parts  of  mercury,  800  of  nitric  mcid  of  sp.  gr.  1*375,  are  employed 
itJi  6.50  of  alcohol  of  sp.  gr.  *846,  no  fulminate  whatever  is  generated. 

ft.  When,  with  the  proper  proportions  of  mercar)*,  acid,  and  alcohol,  the  process  is 
Ivaneed  into  a  proper  energy  of  fermentative  commotion,  if  the  matrabs  be  immersed  in 
Id  water  so  as  marerially  to  repress  that  action,  the  process  will  be  impaired,  and  will 
m  out  ultimately  defective  both  as  to  the  quantity  and  quality  of  the  fulminate.  It  is 
erefore  evident  that  a  certain  energy  or  vivacity  of  etherization  is  essential  to  the  full 
ecess  of  this  curious  process,  and  that  anything  which  checks  it,  or  obstructs  its  taking 
see,  is  injurious  and  to  be  avoided. 

When  my  proportions  are  observed  in  making  fulminating  mercury,  somewhat  less 
■n  one  fourth  of  the  nitric  acid  used  in  making  the  solution  remains  in  the  alcoholic 
jciore  alone  with  the  fulminate.  When  other  proportions  are  taken,  much  more  acid 
imins.  This  acid  is  not  recoverable  to  any  useful  or  economical  purpose,  nor  is  the 
»hol  that  is  associated  with  it.  Many  distillations,  with  various  reaeents,  have  led  me 
Ibis  practical  conclusion.  In  fact,  when  the  process  is  most  complete,  as  described  in 
e  first  paragraph,  the  alcohol  is  entirely  and  profitably  employed  in  etherization,  an 
Derating  fulminic  acid. 

I  have  made  a  series  of  analytical  experiments  on  the  pure  fulminate  of  mercury,  with 
B  view  of  determining  its  composition,  the  quantity  of  quicksilver  present  in  it,  and 
ntequently  the  loss  of  mercury  in  the  operation.  I  have  stated  that  my  maximum  pro- 
ct  of  fulminate  from  100  grs.  of  quicksilver  is  130  grs.  Occasionally,  from  slight  dif- 
Tnees  in  the  temperature  of  the  mixture,  or  the  ambient  atmosphere,  2  grs.  less  may 
obtained. 

A.  I  dissolved  130  grs.  with  a  gentle  heat  in  muriatic  acid  contained  in  a  small  matrass, 
dinff  a  few  drops  of  the  nitric  to  quicken  the  solution.  On  evaporating  it  to  dryness, 
ih  much  care  to  avoid  volatilization  of  the  salt,  I  obtained  125  grs.  of  corrosive  sub- 
late  or  bi-chloride  of  mercury.  But  125  grs.  of  this  bi-chloride  contain  only  91*1 
».  of  quicksilver.  Therefore,  by  this  experiment,  130  grs.  of  fulminate  contain  no 
Hre  than  91*1  of  mercury,  indicating  an  exhalation  of  8*9  parts  in  the  form  of  fumes, 
a  retention  in  the  residuary  liquid  of  some  of  these  8*9  parts,  out  of  the  100  originally 
iployed. 

B.  In  another  experiment  for  analysis,  130  grs.  dissolved  as  above,  were  thrown 
wn  by  carbonate  of  soda.  95  grs.  of  black  oxyde  of  mercury  were  obtained,  which 
9  equivalent  to  91*2  grs.  of  quicksilver;  afi^ording  a  confirmation  of  the  preceding 
mlt. 

C.  130  grs.  of  fulminate  were  dissolved  in  strong  muriatic  acid,  and  the  solution  was 
composed  by  crystals  of  proto-muriate  of  tin  at  a  boiling  temperature.  The  mercury 
m  precipitated  in  globules  to  such  amount  as  to  verify  the  two  preceding  exper- 
ents. 

Regarding  fulminate  of  mercury  as  a  bi*cyanate,  that  is,  as  a  compound  of  one  atom 
one  equivalent  prime  of  deutoxyde  of  mercury,  and  two  primes  of  cyanic  acid,  we  shall 
d  its  theoretical  composition  to  be  as  follows,  hydrogen  being  the  radix,  or  1. 

2  Primes  of  Cyanic  or  fulminic  Acid  =i:  34  X  2  =  68  24 
Deutoxyde  of  Mercury  =  216  76 

284  100 

At  these  284  parts  of  fulminate  contain  200  of  quicksilver,  so  142  parts  of  Ailminate 

11  eoDtain  100  of  quicksilver.  Whence  it  appears,  that  when  only  130  parts  of  ful- 
ute  can  be  obtained  in  practice  from  100  of  quicksilver,  8^  parts  of  quicksilver  out 
the  100  are  unproductive,  that  is,  are  expended  in  the  etherized  eas,  or  leA  in  the 
idoary  acidulous  liquid.  By  the  above  experimental  and  theoretical  analysis,  91*5 
rti  of  quicksilver  enter  into  the  composition  of  130  parts  of  true  crystalline  fulminate. 
m  complete  accordance  here  exhibited  between  theory  and  practice  removes  every 


640 


FULIUNATES. 


•hadow  of  donbt  as  to  the  accuracy  of  the  statements.  100  parts  of  fulminate  eon- 
sislof— 

Fulminic  acid  24 
1000 

QfUMtioti  3.  May  the  cas  or  vapor  produced  by  the  inflammation  of  the  fulminate  of 
mercury,  when  combined  with  a  portion  of  gunpowder,  be  considered  in  its  nature  ocno* 
aive  of  iron  or  brass  ? 

JiMwer,   I  have  suffttested  to  Mr.  LotpII,  of  Wahham  Abbey  works  ^^^^  the 
minale  may  be  probably  diluted  most  advantageously  with  spirit  vamis^  made  of  a 
proper  con8ii^tence  by  dissolving  sandarach  in  alcohol.     When  well  mixed  with  thii 
varnish,  a  small  drop  of  the  mixture  will  suffice  for  priming  each  copper  cap  or  diic; 
and  as  the  spirit  evaporates  immediately,  the  fulminate  will  be  fixed  to  the  eoppv 
beyond  the  risk  of  shaking  or  washing  away.    On  the  Continent,  tincture  of  benjaoia 
is  used  fur  the  same  purpose ;  but  as  that  balsamic  resin  leaves  in  combustion  a  voh- 
minous  coal,  which  sandarach  does  not,  the  latter,  which  is  the  main  constituent 
spirit  varnish,  seems  belter  adapted  for  this  purpose.    It  is  sufficiently  combustible  aid 
may  be  yet  made,  by  a  due  proportion,  to  soften  the  violence  of  the  explosive  mereaix 
on  the  nipple  of  the  touch- hole.    Fulminate  prepared  by  my  formula  has  no  corrosit 
influence  whatsoever  on  iron  or  steel;  and,  therefore,  if  such  a  medium  of  applying  it,si 
I  have  now  taken  leave  to  suggest,  should  be  found  to  answer,  all  fears  on  the  score 
eorrosion  may  for  ever  be  set  at  re^t. 

Q««f/tbn  4.  How  far  is  the  mixture  (of  fulminate  and  gunpowder)  liable  to  be  aifedei 
by  the  moisture  of  the  atmosphere,  or  by  the  intrusion  of  water;  and  will  such  an  acci- 
dent aii'ect  its  inflammability  when  drietl  again? 

Gnawer,  Well  made  fulminate,  mixed  with  gunpowder  and  moistened,  undergoes  M 
change,  nor  is  it  apt  to  g^t  deteriorated  by  keeping  any  length  of  time  in  a  damp  climite 
or  a  hazy  atmosphere.  Immersion  in  water  would  be  apt  to  wash  the  nitre  out  of  the 
pulverinc ;  but  this  result  would  be  prevented  if  the  match  or  priming  mixtnre  were 
liquefied  or  brought  to  the  pasty  consistence,  not  with  water,  but  spirit  varnish.  Soch 
detonating  caps  would  be  indestructible,  and  might  be  alternately  moistened  and  dried 
without  injury. 

Qtie.stion  5.  Is  it  at  all  probable  that  the  composition  would  be  rendered  more  inflan^ 
mable  or  dannerous  of  use  by  the  heot  of  tropical  climates  / 

jitisuer.  No  elevation  of  temperature  of  an  atmospheric  kind,  compatible  with  hu- 
man existence,  could  cau*ie  spontaneous  combustion  of  the  fulminating  mercur)-,  or  the 
detonatinu:  matches  made  with  it.  In  fact,  its  explosive  temperature  is  so  high  as  3t)T 
of  Fahrenheit's  scale,  and  no  inferior  h»'at  will  cause  its  detonation. 

Ques/ion  6.  Is  the  nirrcurial  vapor  or  ?as  arising  from  the  ignition  of  a  great  namber 
of  primers,  an«l  combined  with  the  smoke  of  jjunpowder  in  a  confined  space  (as  in  the 
case  of  troops  in  close  b(Klies,  squares,  casemates,  ^c),  likely  in  its  nature  to  be  foood 
prejuciicial  to  human  health  t 

Jlnmcr.  I  have  exploded  in  rapid  succession  of  portions,  100  grains  of  fulminate  rf 
mercury  (equivalent  to  300  or  100  primers),  in  a  close  chamber  of  small  dimensions, 
wilhoiit  experi»*ncins  the  slishlest  inconvenience  at  the  perioti,  or  afterwards,  though  my 
head  was  surrounded  by  ll»e  vapors  all  the  lime  of  the  operation.  These  vapors  are,  ii 
fact,  so  heavy  that  ihey  subside  almost  immediately.  When  the  fulminate  mixed  with 
pulverine  is  exploiled  in  the  primers  by  condensed  masses  of  troops,  the  mercury  will 
cause  no  injury  lo  their  health,  nor  100th  part  of  the  deleterious  impression  on  wetk 
lungs  which  the  cases  of  exploded  gunpowder  might  by  possibility  inflict.  These  gases 
are  all,  theoretically  speaking,  noxious  to  respiration ;  such  as  carbonic  acid  gas,  azote, 
carbureted  hydrogen,  and  sulphureled  hydrosen,  a  deadly  gas.  Yet  the  soldier  who 
should  betray  any  fear  of  sjunpowder  smoke  would  be  an  object  of  just  ridicule." 

In  the  ftdlowing  Septembi  r,  I  executed  for  the  Board  of  Ordnance  a  set  of  experi- 
ments, complem*'ntary  lo  those  of  the  memoir,  with  the  view  of  ascertaining  the  best 
manner  of  protecting  the  fulminate  when  applied  to  the  copper  caps,  from  being 
detached  by  carriage,  or  altered  by  keeping.  The  following  were  my  results  and  coa- 
elusions. 

"1.  Fulminate  of  mercury  moistened  upon  copper  is  speedily  decomposed  by  the 
superior  aflinity  of  the  copper  over  mercury,  for  oxygen  and  fulminic  acid.  Drynert 
is,  therefore,  essential  to  the  preservation  of  the  fulminate;  and  hence  charcoal,  which 
is  apt  to  become  moist,  should  not  be  introduced  into  percussion  caps  destined  for  distant 
service. 

2.  An  alcoholic  solution  of  sandarach,  commonly  called  spirit  varnish,  acts  powe^ 
Ailly  on  copper,  with  the  production  of  a  green  efllorescence,  which  decomposes  fiii- 
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nintte  of  merctiry.  Indeed,  stndarach  cnn  decompose  the  salts  of  copper.  It  is  there- 
fijre  ill  admpted  for  attaching  the  fulminate  to  copper  caps. 

3.  An  alcohoUe  solution  of  shellac  acts  on  copper,  though  more  feebly  than  the 
udarach. 

4.  A  fiolution  of  mastic  in  spirits  of  turpentine,  whether  alone  or  mixed  with  fulmi- 
nate, ha%  no  action  whatever  on  bright  copper,  but  protects  it  from  beinu  tarni'theti.  Such 
m  Tsrnish  is  very  cheap,  dries  readily,  adheres  strongly,  screens  the  fulminate  from  damp, 
ud  does  not  impair  or  counteract  its  detonatinsr  powers.  This,  therefore,  is,  in  my  opin- 
ton,  the  fitte«t  medium  for  attaching  the  fulminate,  and  for  sofiening  the  force  of  its  im- 
pulsion in  any  degree  preportional  to  the  thickness  of  the  varnish/' 

Folminate  of  mercury  is  obtained  in  white  grains,  or  short  needles,  of  a  silky  lustre, 
which  become  ^ray  upon  exposure  to  lisrht,and  detonate  either  by  a  blow  or  at  a  heat  un- 
der 370^  P. ;  with  the  disengagement  of  azote,  carbonic  acid,  as  also  of  aqueous  and  mer- 
eurial  vapors ;  to  ttie  sudden  formation  of  which  gaseous  products  the  report  is  due.  It 
detonates  even  in  a  moist  condition ;  and  when  dr)'  it  explodes  readily  when  struck  between 
two  pieces  of  iron,  less  so  between  iron  and  bronze,  with  more  difficulty  between  marble 
aad  glass,  or  between  two  surfaces  of  marble  or  gla«s.  It  is  hardly  possible  to  explode 
it  by  a  blow  with  iron  u|K)n  lead ;  and  impossible  by  striking  it  with  iron  upon  wood.  It 
fldaiinates  easily  when  rubbed  between  two  wooden  surfaces ;  less  so  between  two  of 
murtile,  two  of  iron,  or  one  of  iron  against  one  of  wood  or  marble.  The  larger  its  crys- 
lalty  the  more  apt  they  are  to  explode.  By  damping  it  with  5  per  cent,  of  water,  it  be- 
eomes  less  fulminating;  the  part  of  it  struck  still  explodes  with  a  proper  blow,  but  will 
MC  kindle  the  adjoining  portion.  Though  moistened  with  30  per  cent,  of  water,  it  will 
oeeasionally  explode  by  trituration  between  a  wooden  muller  and  a  marble  slab,  but  only 
to  a  amall  extent,  and  never  with  any  danger  to  the  operator.  When  an  ounce  of  it,  laid 
■pon  the  bottom  of  a  ca>k,  is  kindled,  it  strikes  a  round  hole  down  through  it,  as  if  it 
had  been  exposed  to  a  four-pound  shot,  without  splintering  the  wood.  If  a  train  of  ful- 
minate of  mercury  be  spread  upon  a  piece  of  paper,  covered  with  some  loose  gunpowder, 
in  exploding  the  former  the  latter  will  not  be  kindled,  but  merely  scattered.  When  gun- 
powder, however,  is  packed  in  a  cartridge,  or  otherwise,  it  may  be  certainly  kindled  by  a 
percussion  cap  of  the  fulminate,  and  more  completely  than  by  a  priming  of  gunpowder. 
8^  part*  of  gunpowder  exploded  by  a  percussion  cap,  have  an  equal  projectile  force  as  10 
exploded  by  a  flint  lock.  If  we  add  to  this  economy  in  the  charge  of  the  barrel,  the 
saving  of  the  powder  fur  priming,  the  advantage  in  military  service  of  the  percussion 
lyftem  will  become  conspicuous. 

The  French  calculate  that  1  kilogramme  of  mercury  will  furnish  IJ  kil.  (2|  lbs.  nearly) 
of  fulminate,  which  will  be  sufficient  to  charge  40,000  percussion  caps.  For  this  pur- 
pose they  grind  the  crystalline  salt  along  with  30  per  cent,  of  water  upon  a  marble  table 
with  a  wooden  muller;  mixing  with  every  10  parts  of  the  fulminate  ti  of  gunpowder.  A 
consistent  douzh  is  thus  obtained,  which,  being  dried  in  the  air,  is  ready  for  introducing 
into  the  bottoms  of  the  copper  caps.  One  quarter  of  a  grain  of  the  fulminate  is  said  Co 
be  fully  sufficient  for  one  priming. 

Mr.  Lorell,  of  the  Royal  Manufactory  of  Arms,  has  lately  executed  a  series  of  experi- 
meuts  upon  priming  powders.  His  trials,  which  occupied  nearly  18  months,  were  made 
for  the  purpose  of  ascertaining  what  is  the  advantaze  in  point  of  force  obtaine<l  by  using 
percussion  primes.  He  had  anticipated  some  extra  energy  would  be  imparted  to  the 
charge  of  powder  in  the  barrel,  because  he  had  repeatedly  proved  that  a  good  strong  cap, 
exploided  by  itself  on  the  nipple  of  the  musket  (without  any  charge  of  gunpowder),  will 
exert  sufficient  force  upon  the  air  within  the  barrel  to  blow  a  candle  out  at  a  distance  of 
12  feet  from  the  muzzle.  He  concluded  also  that  stopping  the  escape  of  fluk]  from  the 
Testy  as  i«  done  by  the  cap,  would  have  some  effect,  but  be  attributed  most  to  the  quick- 
leM  and  energy  with  which  the  powder  of  the  charge  is  ignited  by  the  vivid  stream  of 
flane,  eeneratnl  by  the  percussion  prime.  The  trials  were  made  from  one  and  the  same 
barrel,  having  a  percussion  lock  on  one  side  and  a  flint  lock  on  the  other.  The  balls  were 
fired  against  Austen's  recoiling  target,  a  very  delicateptegome/er,  beginning  with  a  charge 
of  J50  grains  (the  present  musket  charse),  and  descending  by  10  grains  at  a  time  (firing 
30  RNiDds  with  each  weight),  down  to  50  grains.  The  machine  marked  the  decrease  of 
fbree  at  each  reduction  in  the  charge  very  satisfactorily,  and  the  result  of  the  whole 
•Tcmge  was,  that  8*84  parts  of  gunpowder  fired  by  percussion  are  equal  to  10  parts  fired 
byt&e  flinU 

To  find  out  what  sort  of  liberties  might  be  taken  with  fulminate  of  mercury  in 
hudliug  it,  be  placed  3  grains  on  an  anvil,  pnttinc  the  end  of  a  steel  punch  gently 
OB  the  fop  of  it,  tad  while  so  placed  be  covered  the  fulminate  over  with  a  drachm  of  dry 
gupowder.  He  then  ignited  the  fulminate  by  a  blow  on  the  punch  with  the  hammer, 
h«t  not  a  grain  of  the  gunpowder  was  lighted,  thouirh  it  was  blown  about  in  all 
ifiiMinai  He  then  placed  a  train  of  fulminate  as  thick  as  a  quill,  and  about  3  feet  long, 
« a  tMs,  ud  eovared  it  over  eatirdbr  with  gaapowder  except  about  tn  inch  at  mm 
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end ;  this  he  lighted  with  a  hot  iron,  when  the  whole  train  went  off  without  blariDg  a 
grain  of  the  gunpowder,  which  he  swept  together  and  blew  op  aAerwards  witli  t 
match.  He  then  took  a  tin  box  containing  500  copper  caps,  made  a  hole  in  the  topcf 
the  box,  and  through  this  hole  ignited  one  of  the  caps  in  the  middle,  by  means  of  ik 
punch  and  hammer  on  the  outside;  only  two  other  caps  besides  theooe  struck  exploded; 
no  injury  was  sustained  by  the  remainder,  except  being  discolored.  This  he  tried  ^^ 
peatediy,  and  always  with  the  same  kind  of  result,  never  more  than  3  or  4  caps  explodisf^ 
He  then  made  a  steel  rammer  red  hot,  and  passed  it  through  the  hole  in  the  box  right  it 
amongst  the  caps,  but  it  only  ignited  them  where  the  hot  iron  came  in  actual  eootad 
with  the  priming  composition ;  when,  however,  he  placed  a  few  grains  of  gunpowder 
loose  among  the  caps,  the  hot  iron  lighted  this,  and  produced  a  flame  that  blew  off  tkc 
whole  of  them. 

The  same  thing  has  been  tried  at  Woolwich,  where  large  packages  of  percussioB  cspi 
(some  thousands)  have  been  fired  at  with  musket  balls,  and  only  a  few  of  the  eips  ■cti' 
ally  hit  by  the  ball  exploded;  but  when  any  cartridges  were  connected  with  the  padcsfOi 
the  whole,  caps  and  all,  were  blown  up.  The  flame  of  the  fulminate  is  therefore  htiud- 
ous,  but  being  so  very  ethereal,  it  requires  for  making  primes,  an  admixture  of  sooeeoa- 
bustible  matter,  as  a  litlle  gunpowder,  to  condense  or  modify  the  flame. 

FULMINIC  ACID  (jScid  ftUminique,  Fr.;  KnalUaure^  Germ.)  is  the  explosite  coi- 
stiiuent  of  the  fulminating  mercury  of  Howard,  and  the  fulminating  silver  of  Brugnatelli, 
being  generated  by  the  reaction  of  alcohol  and  the  acid  nitrates  of  these  metals.  It  is  t 
remarkable  chemical  fact,  that  fulminic  acid  has  exactly  the  same  composition  as  cpfk 
acid ;  though  the  salts  of  the  latter  possess  no  detonating  property,  and  afford,  in  thdr 
decomposition  by  an  oxygen  acid,  ammonia  with  carbonic  acid ;  while  those  of  the  foniwr 
alfoid  ammonia  and  prussic  acid.  All  attempts  to  insulate  fulminic  acid  have  proved  as- 
successful,  as  it  explodes  with  the  slightest  decomposing  force.  It  consists,  by  weicht^oT 
2  primes  of  carbon,  1  of  azote,  and  1  of  oxygen ;  or  of  two  volumes  of  carbonic  iciii, 
and  one  ol'  azote.  When  two  different  bodies,  like  the  above,  have  the  same  compositiott} 
they  are  said  to  be  isomeric. 

FUMIGATION,  is  the  employnjent  of 
fumes  or  vapors  to  purify  articles  of  ap- 
parel, and  goods  or  apartments  supposed 
to  be  imbued  with  some  infectious  or  con- 
ta&:iuns  poison  or  fumes.  The  vapors  of 
vint'ear,  the  fumes  of  burnins;  sulphur,  ex- 
plosion of  gunpowder,  have  been  long  pre- 
scribed and  practised,  but  they  have  in  all 
probability  little  or  no  efficacy.  The  dif- 
fu^iion  of  such  powerful  agents  as  chlorine 
gas,  muriatic  acid  gas,  or  nitric  acid  va- 
por, should  alone  be  trusted  to  for  the  de- 
struction of  morbific  effluvia. 

FUR ;  St  e  Peltry. 

FURNACE  OF  ASSAY.  Under  As- 
say, I  have  referred  to  a  furnace  con- 
structed by  Messrs.  Anfryc  and  d'Arcei, 
which  gives  some  peculiar  facilities  and 
economy  to  the  ancient  process  by  fire.  It 
had  originally  a  small  pair  of  bellows  at- 
tached to  it,  for  raising  the  heat  rapidly  to 
the  proper  vitrifying  pitch.  The  furnace, 
171^  inches  hish,  and  7^  inches  wide,  made 
of  pottery  or  fine  clay,  is  represented  Jig. 
481,  supported  upon  a  table,  having  a  pair 
of  bellows  beneath  it.  The  laboratory  is 
at  the  blow-pipe  of  the  bellows  at  d, 
with  a  stop-cock,  and  the  dome  is  sur- 
mounted by  a  chimney  a  c,  in  whose  low- 
er pan  there  is  an  opening  with  a  sliding 
door,  for  the  introduction  of  the  charcoal 
fuel.  The  furnace  is  formed  in  three 
pieces ;  a  dome,  a  body,  and  an  ash-pit. 
A  pair  of  tongs,  a  stokin?  hook,  and  cupel, 
are  seen  to  the  right  hand,  anuthe  plan  of 
the  stone- ware  grate,  pierced  with  conical 
holes,  and  a  poker,  are  seen  to  the  leA.  This 
grate  suits  the  furnace  represented  under 
Assay.    The  following  are  comparative  experiments  made  by  meut  of  thii  duwut' 
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IfvmkMtm. 

Sihnr  amployad. 

L«ad  •mplojrad. 

TinM  of  asaay. 

Standards. 

Charcoal  oaad. 

1 

1  Grain. 

4  Grains. 

12  minutes. 

947  milli&mes. 

173  Grains. 

2 

11 

950 

86 

3 

13 

949 

93 

4 

10 

949 

60 

£aeh  assay  w«p  therefore  performed  at  an  average  in  1]|  minutes,  and  not  much  more 
llMui  a  quarter  of  a  pound  of  charcoal  was  used.  An  experiment  of  verification  in  the 
ordinary  assay  furnace  showed  the  standard  to  be  949  thousandths. 

This  furnace  becomes  a  very  convenient  one  for  melting  small  quantities  of  metals  in 
umlytes,  by  removing  the  muffle,  and  closing  the  several  apertures  with  their  appropriate 
■toppers.  A  small  pedestal  may  be  then  set  in  the  middle  of  the  grate,  to  support  a  cru- 
cible, which  may  be  introduced  through  the  opening  A.  Coke  may  also  be  used  as  fuel, 
•ither  by  itself  or  mixed  with  charcoal.  For  descriptions  of  various  furnaces,  see 
Amat;  Beek;  Copper;  Evaporation;  Iron;  M etaixvrot ;  Ores;  Silver, 
Tin,  Ac. 

FUSIBILITT.   That  property  by  which  solids  assume  the  fluid  state. 
Some  chemists  have  asserted  that  fusion  is  simply  a  solution  in  caloric;  but  this  opinion 
iaeliides  too  many  yet  undecided  questions,  to  be  hastily  adopted. 


Fusibility  of  MetaUy  at  given  by  M,  Thenard. 


Fusible  below  a 
red  heat. 


Cantigr. 

Mercury  —39° 

Potassium  -f58°  ) 
Sodium  90  ] 

Tin  210 
Bismuth  256 
Lead  260 

Tellurium  A  liitle  less  fusible  than  lead. — Klaproth. 

Arsenic  Undetermined. 

Zinc  370^  Brongniart. 

Antimony  A  little  below  a  read  heat. 
Cadmium  Stromeyer. 


Gay  Lussac  and  Thenard. 

Newton. 
Biot. 


Infusible  below  a 
red  heat. 


Silver 
Copper 
Gold 
Cobalt 

Iron 


Pyromatar  of  Wadgawood. 


20  Kennedy. 

^  I  Wedgewood. 

A  little  less  difficult  to  melt  than  iron. 
130  Wed«ewood. 
158       Sir  G.  M<Kenzie. 
160  Guyton. 

As  manganese. — ^Richter. 


Nearly  infusible ;  and  to  be  obtained  at  n 
forge  heat  only  in  small  buttons. 


Infusible  at  the  forge  (bmace. 
the  ozyhydrogen  blowpipe. 

PIPE. 


Fusible  at 
See  Bix)w- 


Manganese 

Nickel 
Palladium 
Molybdenum 
Uranium 
Tungsten 
Chromium 
Titanium 
Cerium 
Osmium 
Iridium 
Rhodium 
Platinum 
Colnmbium 
FUSIBLE  METAL.   See  Alloy.  • 

FUSTET.   (Fustecy  Fr.)   The  wood  of  the  rhut  co/tmu,  a  f\]gitive  yellow  dye. 

FUSTIAN  is  a  species  of  coarse  thick  tweeled  cotton,  and  is  generally  dyed  of  an 
c^ive,  leaden,  or  other  dark  color.  Besides  the  common  fustian,  which  is  known  by  the 
name  of  pillow  (probably  pilaw),  the  cotton  stuffs  called  corduroy,  velverett,  velveteen, 
thidcsett,  used  for  men's  wearing  apparel,  belong  to  the  same  fabric.  The  commonest 
Idnd  is  merely  a  tweel  of  four,  or  sometimes  five  leaves,  of  a  very  clqje  stout  texture, 
and  very  narrow,  seldom  exceeding  17  or  18  inches  in  breadth.  It  is  cut  from  the  loom 
in  half  pieces,  or  ends,  as  they  are  usually  termed,  about  35  yards  long,  and  after  under- 
going the  subsequent  operations  of  dyeing,  dressing,  and  fokling,  it  ready  for  the 
Mrket. 


I 


544  FUSTIAN. 

The  draas^ht  and  cording  of  common  fustian  is  very  simple,  being  generally  a  regnkr 
or  unbroken  tweel  of  four  or  five  leaves.  Below  are  specimens  of  «  few  different  Idiids, 
selected  from  those  most  general  in  Lancashire. 

The  number  of  leaves  of  heddles  are  represented  by  the  lines  across  the  paper,  and  the 
cording  by  the  ciphers  in  the  little  squares,  those  which  raise  every  le«f  beiai  dtstis* 
guished  by  these  marks,  and  those  which  sink  them  leil  blank,  as  more  partieolirlj 
explained  in  the  article  Textile  Fabric. 

or  velvet,  there  are  properly  only  two  kinds,  that  with  a  plain,  and  that  with  a  tweeM, 
or,  as  it  is  here  called,  a  Genoa  groand,  or  back.  When  the  material  is  silk,  it  is  eslld 
velvet,  when  cotton,  velveteen ;  and  this  is  the  sole  difference.  In  the  same  way  a  cmi. 
mon  tweeled  cloth,  when  composed  of  silk  is  called  satin ;  when  of  cotton,  fustiaa  or 
jean ;  of  wuollen,  plaiding,  serge,  or  kerseymere ;  and  in  the  linen  trade  is  distiogaiilNd 
by  a  variety  of  names  according  to  the  quality  or  fineness,  or  the  place  where  the  ertiek 
is  manufactured. 


No.  1.— Pillow  Fustian. 

No.  2.— Plain  Velveret 

|0|    1    1    1      4            »  1 

i    |0i    1    1    1                     3  1 

1    |0|    1    1          S  6 

|0|    i    1    1    1  i 

1    1    |0|    10         S  3 

|0|    1    |0|0|                0  t 

1    1    1    101    5          1  4 

1    1    1    |0|    1              6  4 

2  4   3   1  4  0  S  3  1 


5 

Of  the  above,  each  contains  four  leaves  of  heddles  or  healds ;  that  represented  by  No.  1 
is  wrought  by  four  treddles,  and  that  which  is  distinguished  by  No.  2  by  five;  theiiK^ 
cession  of  inserting  the  threads  of  warp  into  the  heddles  will  be  discovered  by  the  fignrn 
between  the  lines,  and  the  order  in  which  the  treddles  are  to  be  successively  pressed 
down  by  the  figures  below. 


No.  3. — Double  Jean.  • 

No.  4.— Plain  Thickset. 

10|    1    |0|  1 

1    |0|    1    1    1  8 

|0|    |0|    1  2 

1    I0|0|0|    1              0  4 

1    I0|0|    1  3 

1    1    1    |0|    1                 5  2 

1    l"l    I0|  4 

|0|||0|0|             7  31 

4    2   3  1 

4   0  S  3  1 

5  7 

These,  like  the  former,  are  wrought  with  leaves.  No.  3  requires  four,  and  No.  4  fire 
ireddle?.  The  succession  of  inserting  the  threads  of  warp,  and  of  workin?  the  treddles, 
are  marked  by  the  respective  numbers  between  and  under  the  lines,  as  in  the  former 
example.  Both  are  fabrics  of  cloth  in  very  general  use  and  estimation  as  low  priced 
articles. 


No.  5.— Best  Thickset.  No.  6.— Velvet  Tuft. 

_l_gi    I    MM"!  3     1  »       I    10]    I    I    I    5      3     1  I 

-      I    I    I    I    |0|  ft  »       I    |0|0|    I    I  4    2  , 

 L_l  !l_Li_LJ  ?  »       |0|    I    |0|0|       4  2  

I    I  0  M>  I    I  ..  I  fi     4  »       I    I    I    |0|    I  5    3  1^ 

64231  64231 
5 

These  are  further  specimens  of  what  may  be,  and  is,  executed  with  four  leaves,  and  ifl 
both  examples  five  tre<kiles  are  used.  With  two  other  specimens  we  shall  conclude  oor 
examples  of  this  description  of  work,  and  shall  then  add  a  very  few  specimens  of  tb€ 
more  extensive  kinds. 


No.  7.— Cord  and  Velvcret.  •      No.  S.-^Thidnet  Cord. 


1    |0|    1    1    1          3  1 

— mr" 

|0|    1  |0|0| 

5  i^:: 

1    1  0  1  0  1    1    1      5  ^ 

5  ♦ 

1    |0|    1    1  1 

4  S 

|0|    1    |0|0|  6     ,  8 

2  * 

M  i  1  1  1 

9  7 

1    1    1    |0|    1       4     2  6 

4  ^ 

I   |0|o|   1  1 

10    8  6 

4        2    3  1 
6  5 

5   4   3   2  1 

In  these  the  succession  of  drawing  and  working  are  marked  like  the  former.  The 
are  examples  of  patterns  wrought  with  six  leaves.   No^  9  has  ewht»  and  No.  10  ivt 
heddles. 
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No.  9.— Doable  Cordurof . 

No.  10.— Genoa  Thickset. 

1    1    1    <9l    lOJ  l« 

1 



\    10!    1    1    101  1 

1  » 

\^\  |0| 

IIH&I  1 

^  i  1  i  101  101  ] 

4  4 

0|  |0|0| 

_    j    101    1    1    1  l"l 

— H  hn 

u 

|C»|  iO] 

OJ    |0|  i 

f  * 

4 
1 

5  3  I 

(!   U  0  7 
3  IP 

In  both  these  the  warp  is  inserted  into  the  heddles  the  same  way.  The  difference  is 
entirely  in  the  application  of  the  cords,  and  in  the  succession  of  pressing  down  the 
traddles.  We  now  give  four  specimens  of  the  flashed  and  cut  work,  known  by  the  name 
of  ▼elveteen.  They  are  also  upon  six  leaves,  and  the  difference  is  solely  in  the  cording 
mmd  in  the  treading. 

Queen's  Velveteens.  No.  12. 

I     .'  ■ 


XE 


No.  11 

m 


I  I 


J  j  0  1  0  I  oj 

MMilL_L 


1    .f|    , 'M0| 


I  «  1 


I  ij  Mi  |__ 


fir 


0  11  10 

No.  13.— Plain  Velveteen. 


10  IS  11  9 
No.  14. — Genoa  Velveteen. 


1   1   1  Iff 

I 

♦ 

1 

«l  1  l"l 

* 

1  ]  1 

1 

1   1  1 

a 

* 

1 

1  |otn 

k 

ioioi  1  ; 

4 

1    1    f  !0 

A 

aiaj  ]0|  1 

i  ^ 

1    .  1'  ;  1  ti  1 

1 

* 

l^i  |0|  '  1 

4  7  n 

8 

n 

5 
10 

i   8  n  3  I 
7  S 
11  9 

The  additional  varieties  of  figure  which  might  be  given  are  almost  endless,  bat  the 
limits  of  this  article  will  not  admit  a  further  detail.  Those  already  given  are  the  articles 
in  most  general  use.  The  varieties  of  fancy  may  be  indulged  to  a  great  extent ;  but  it  is 
tmiversally  found,  that  the  most  simple  patterns  in  every  department  of  ornamental 
wearing  are  those  which  attract  attention  and  command  purchasers.  We  shall  therefore 
only  add  two  examples  of  king's  cord  or  corduroy,  two  of  Genoa  and  common  velvet,  and 
two  more  of  jean.   These  will  be  found  below. 

No.  15.— Bang's  Cord.  No.  16.— Dutch  Cord. 


1 

i  1  mioj  J 

1    lOJ    1    F               4  i 

1 

[01    1    |0J  f 

1    KM             S  I 

i 

|0J0|    M       7  1 

^      1^1    1    l<M   1          0  1 

1     J"  MM     1     H  i 

I  OHM    I    1  T 

* 

'  

No.  17.— Genoa  Velvet. 


No.  18.— Plain  Velvet. 


1   1  toi  1  \(^ 

1       t  1 

1  i 

1   \Qlo\iii  i 

»       ♦  1 

1  i 

•Mill            >  till 

10|0|    11             t  till 

_1  le   101  1  1      4  till 

Jj|Ll»l    1    1       •                         i  III! 

10 


11  9 


After  the  fustian  cloth  is  taken  from  the  loom-beam,  it  is  carried  to  the  cutter,  who 
nfg  up  the  snrface-thxeads  of  weft,  and  produces  thereby  a  hairy-k)oking  6ta£ 
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Prepmtory  to  ilt  being  ent,  the  doth  it  vpreed  evenly  vpoa  n  taUe  abovt  liz  feet  1oi|^ 
vpon  each  end  of  which  a  roller  mounted  with  a  nUcbet- wheel  it  fixed;  the  OM  to  giie 
ofilaiid  the  other  lo  wind  up  the  piece,  iD  the  above  tix-Tect  lengtbt. 

The  knife  is  a  steel  rod  about  two  feet  Um$,  aid  three  eigbtht  of  ao  Ineh  wgrnrnt,  b«f- 
ing  a  square  handle  at  the  one  end ;  the  other  end  it  Upered  away  to  •  bladc^  at  thii  m 
paper.  To  prevent  this  point  from  taming  downwards  and  injuring  ibe  doth,  itt  vader 
tide  M  covered  by  a  guide  which  terves  to  ttiflen  it,  at  well  at  to  preveat  its  lower  c4p 
fiom  catting  the  fustian. 

The  operative  (male  or  female)  gratpt  the  handle  in  the  right  band,  and  intinuttitf 
the  pmjectinff  point  of  the  guide  under  the  weft,  puihet  the  knife  smaitly  forward  thfuoil 
the  whole  length  of  six  feet,  with  a  certain  dexterous  movement  of  the  tbonUer  ssd 
right  side,  balandng  the  body  meanwhile,  liJce  a  Ibneer,  upon  the  left  foot.  This  pneoi 
it  repeated  upon  every  adhesive  line  of  the  weft. 

The  next  process  to  which  fustians  are  expooed  it  steeping  in  hot  water,  to  take  sat 
the  dressing  paste.  They  are  then  dried,  reeled,  and  brushed  bf  a  maebiae^  te. 
From  twenty  to  thirty  pieces,  each  eighty  yards  long,  may  be  lirushed  ia  aa  hoar.  He 
breadth  of  the  cloth  is  twenty  inches.  The  maceration  is  performed  bj  imaiersing  Iht 
bundled  pieces  in  tanks  of  water,  heated  by  waste  steam ;  and  the  washing  liy  meaas  of 
a  reel  or  winch,  kept  revolving  rapidly  under  the  actioa  of  a  stream  of  eold  water,  fa 
an  hoor  or  longer. 

After  being  thus  ripped  up^  it  it  taken  to  the  bmthing  or  teadiag  amebiaey  to  make  it 
riiavsy. 

This  consists  of  a  series  of  wooden  rollert,  turning  freely  upon  iron  axlet,  and  eovofd 
with  tin-plate,  rough  with  the  hurt  of  punched  holet;  ai^  bloekt  of  wood,  whose  eoa- 
eave  under  turftcet  are  eovered  with  card-doth  or  caid-bruthet,  and  which  aia  made  ts 
traverse  backwards  and  forwards  in  the  direction  of  the  axes  of  the  revolriBg  rollen» 
during  the  passage  of  the  doth  over  them. 

After  they  are  brushed  in  the  machine,  the  goods  are  tinged  by  pasting  their  cut  tmftee 
over  a  cylinder  of  iron,  laid  in  a  horixontal  directmn,  and  kept  red  hot  Iqr  a  flue.  Sec 
SiNORiNG.  They  are  now  brushed  again  by  the  machine,  and  once  more  patted  over  the 
singeing  surface.  The  brushing  and  singeing  are  repeated  a  third,  or  even  oceationsUy 
a  fourth  time,  till  the  cord  acqniret  a  amooth  polished  appearance. 

The  gouds  are  next  steeped,  washed,  and  bleached,  l>y  immersion  in  solution  of  chloride 
of  lime.  'I  hey  are  then  dyed  by  appropriate  chemical  means.  After  which  they  are 
padded  (imbued  by  the  pathling  machine  of  the  calico  printers)  with  a  solution  of  gloe, 
and  passed  over  sleam  cylini^ers  to  stiffen  them. 

KmcMith  fusiians,  when  cropped  or  shorn  before  dyeing,  are  called  moleskins ;  but  when 
shorn  afier  bein?  dyed,  are  callwl  beaverieen  :  they  arc  both  tweeled  fabrics.  Caniooo  is 
a  fustian  wiih  a  fine  cord  visible  upon  the  one  side,  and  a  satiny  suiface  of  yams  moniDg 
at  rich  I  ani^les  to  the  cords  upon  ihe  other  side.  The  satiny  side  is  sometimes  smoothed 
by  siii^cin?.  The  stuff  is  strong,  and  has  a  very  fine  aspect.  Its  price  is  one  shilling 
and  sixpence  a  yard. 

Common  [ilain  fustian,  of  a  brown  or  drab  color,  with  satin  top,  is  sold  as  low  as 
seven  pence  a  yard. 

A  fustian,  with  a  small  cord  running  in  an  oblique  direction,  has  a  very  agreeable  tp- 
pearance.  It  is  called  diagonal.  Moleskin  shorn,  of  a  very  strong  texture,  and  a  drib 
dyed  tint,  is  sold  at  20(2.  per  yard. 

The  weiffht  of  90  yards  of  the  narrow  velveteen,  in  the  green  or  undressed  state,  is 
about  24  pounds.  The  goods  made  for  the  German,  Italian,  and  Russian  markets  are 
lighter,  on  account  of  the  peculiarity  in  the  mode  of  levying  the  import  duty  in  these 
countries. 

Velveteens  as  they  come  from  the  loom,  are  sold  wholesale  by  weight,  and  averaeea 
price  of  20d,  per  pound.  They  are  usually  woven  with  yarns  of  Upland  and  Brazil  cotton 
wool,  spun  together  for  the  warp ;  or,  sometimes,  New  Orleans  alone.  The  weft  is  usu- 
ally Upland,  sometimes  mixed  with  East  India  cotton  wools. 

Trouser  velveteens  are  woven  19  inches  wide,  if  they  arc  to  be  cut  up;  if  not,  they 
are  woven  30  inches,  and  called  beaverteen. 

Cutting  or  cropping  fustians  by  hand  is  a  very  laborious  and  delicate  operation. 
The  invention  of  an  improved  apparatus  for  effecting  the  same  end  with  automatic  pr^ 
cision  an<l  despatch,  was  therefore  an  object  of  no  little  interest  to  this  peculiar  manufac- 
ture of  Manchester.  An  ingenious  machine,  apparently  well  odculated  for  this  purpose, 
was  made  the  subject  of  a  patent  by  Messrs.  William  Wells  and  George  Scholefield,  of 
Salfonl,  ini^'ovcmber,  1834. 

fustic:  (Boif  jaune,  Ft.  ;  Gtlbholz,  Germ.)  The  old  fustic  of  the  English  dyff, 
as  the  article  fustet  is  their  ytUow  fustic.  It  is  the  wood  of  the  Morns  tinctoria.  Ii  » 
light,  not  hard,  and  pale  yellow  with  orange  veins ;  it  contains  two  coloring  matters,  oni 
resinous,  and  another  soluble  in  water.    The  latter  retemblet  weld,  but  it  has  more  of 

orange  cast,  and  it  uol  to  ^it\i. 
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Its  decoctions  in  water  are  brightened  by  the  addition  of  a  little  glue,  and  more  hj  car- 
died  milk.  This  wood  is  rich  in  color,  and  imparts  permanent  dyes  to  woollen  stuflb, 
when  aided  by  proper  mordants.  It  unites  well  wiili  the  blue  of  the  indigo  vat,  and 
SaxoQ  blue,  in  producing  green  of  various  shades.  Alum,  tartar,  and  solution  of  tin, 
render  its  colgr  more  vivM  ;  sea  salt  and  sulphate  of  iron  deepen  its  hue.  From  5  to  6 
parts  of  old  fustic  are  sufficient  to  give  a  lemon  color  to  16  parts  of  cloth.  The  color  of 
weld  is  however  purer  and  less  inclining  to  orange ;  but  that  of  fustic  is  less  affected  by 
acids  than  any  other  yellow  dye.  This  wood  is  oden  employed  with  sulphate  of  iron  in 
producing  olive  and  brownish  tints,  which  agree  well  with  its  dull  yellow.  For  the  same 
reason  it  is  much  used  for  dark  greens. 

G. 

OABRONTTE  is  a  yellowish  stony  substance,  of  a  greasy  lustre  and  spec.  gr.=2*74; 
affording  no  water  by  calcination  ;  fusible  at  the  blowpipe  into  an  opaque  glass ;  soluble 
in  muriatic  acid ;  solution  affurds  hardly  any  precipitate  by  oxalate  of  ammonia.  This 
mineral  is  distinguished  by  the  large  quantity  of  soda  which  it  contains;  its  constituents 
being — silica,  54;  alumina,  24;  soda,  17*25;  magnesia,  1*5;  oxyde  of  iron,  1*25;  water, 
2.    it  belongs  to  the  species  Nepheline. 

GADOLINITE,  called  also  Yttrite  and  Ytterbite,  is  a  mineral  of  a  black,  brownish, 
or  yellowish  color,  granular,  or  compactly  vitreous,  and  conchoidal  fracture ;  of  spec, 
grav.  4*23  ;  readily  scratching  glass ;  fusible  at  the  blowpipe  into  an  opaque  glass,  some- 
times with  intumescence.  It  affords,  witn  acids,  a  solution  that  lets  fall,  with  caustic 
soda,  a  precipitate  partly  re-soluble  in  carbonate  of  ammonia.  It  is  remarkable  for  con- 
taining from  45  to  55  per  cent,  of  the  earth  Yttria;  its  remaining  constituents  being  sili- 
ca,  25'8;  oxyde  of  cerium,  17*92;  oxyde  of  iron,  11*43.  This  mineral  is  very  rare,  hav- 
ing been  hitherto  found  only  in  the  neighborhood  of  Fahlon  and  Ytterby,  in  Sweden;  its 
peculiar  constituent  was  discovered  by  Professor  Gadolin.  . 

GALACTOM  :TER,  or  LACTOMETER,  is  an  instrument  to  ascertain  the  quality 
of  milk ;  an  article  oAen  sophisticated  in  various  ways.  Fresh  milk,  rich  in  cream,  has  a 
less  specific  gravity  than  the  same  milk  aAer  it  has  been  skimmed ;  and  milk  diluted  with 
water  becomes  proportionably  lighter.  Hence,  when  our  purpose  is  to  determine  the 
quantity  of  cream,  the  galaciometer  may  consist  merely  of  a  lung  graduated  glass  tube 
standing  upright  upon  a  sole.  Having  filled  100  measures  with  the  recent  milk,  we  shall 
see,  by  the  measures  of  cream  thrown  up,  its  value  in  this  respect.  A  delicate  long- 
ranged  gUss  hydrometer,  graduated  from  1*000  up  to  1*060,  affurds  the  most  convenient 
means  of  delecting  the  degree  of  watery  dilution,  provided  the  absence  of  thickening  ma- 
terials has  been  previously  ascertained  by  filtration.  Good  fresh  milk  indicates  from  1*030 
to  1*032;  when  the  cream  is  removed,  1*035  to  1*037.  When  its  density  is  less  than  1028, 
we  may  infer  it  has  been  thinned  with  water. 

GALBANUM  is  a  gum-resin,  which  occurs  sometimes  in  yellow,  shining  tears,  easily 
agglutinated  ;  of  a  strong  durable  smell ;  an  acrid  and  bitter  taste;  at  other  limes  in  lumps. 
It  exudes  either  spontaneously  or  from  incisions  made  into  ihe  stem  of  the  bubon  galbanum, 
a  plant  of  the  family  of  utnbellifercty  which  grows  in  Afi  ica,  particularly  in  Ethiopia.  It 
contains  67  of  resin  ;  19*3  of  gum ;  6*4  of  volaiile  oil  and  water ;  7*5  of  woody  fibres  and 
other  impurities;  with  traces  of  acid  malale  of  lime. 

GALEXA,  (Plomb  snI/ureyVr. ;  BUiglnnz,  Germ. ;)  is  a  metallic  looking  substance  of 
a  lead-gray  color,  which  crystallizes  in  the  cubical  system,  and  is  susceptible  of  cleavages 
parallel  to  the  faces  of  the  cube;  spec.  gr.  7*7592;  cannot  be  cut;  fusible  at  the  blow- 
pipe with  exhaUiion  of  sulphureous  vapors;  is  easily  reduced  to  metallic  lead.  Nitric 
acid  first  dissolves  it,  and  then  throws  down  sulphate  of  lead  in  a  while  precipitate;  the 
solution  affording,  with  plates  of  zinc,  brilliant  laminse  of  lead  (arbor  Saiurni.)  It  con- 
sists of  sulphur,  13  ;  lead,  85 ;  with  a  little  iron,  and  sometimes  a  minute  quantity  of  silver. 
This  is  the  richest  ore  of  lead,  and  it  occurs  in  almost  every  ereolosical  formation,  in 
▼eins,  in  masses,  or  in  beds.  It  is  almost  always  accompanied  by  sulphuret  of  zinc,  dif- 
ferent salts  of  lead,  heavy  spar,  fluor  spar,  &c.  Galena  in  powder,  called  Alquifoox,  is  ~ 
eiDplovrd  as  a  glaze  fur  coarse  stoneware. 

GALIPOT  is  a  name  of  a  white  semi-solid  viscid  rosin  found  on  fir-trees ;  or  an  infe- 
rior sort  of  turpentine,  poor  in  oil. 

GALLATES;  sails  consi^tinsr  of  gallic  acid  combined  with  bases;  the  most  important 
bein'j  that  with  oxyde  of  iron,  constituting  a  principal  part  of  the  black  dye. 

GALLIC  ACID  is  the  peculiar  acid  extracted  from  gall-nuts;  which  see. 

GALLIPOLI  OIL  is  a  coarse  olive  oil,  c<mtainin?  more  or  less  mucilase;  importedfrom 
a  seaport  so  named,  of  the  province  of  Otranlo,  in  the  kinzdom  of  Naples. 

GALL-NUTS,  or  GALLS,  (Noix  de  Galle,  Fr.;  Galliipfel,  Germ.;)  are  excrescences 
found  upon  the  leaves  and  leaf-slalks  of  a  species  of  oak,  called  Qwrcus  in/ecto- 
ria,  which  grows  in  the  Levant.  They  are  produced  in  consequence  of  the  puncture 
<if  the  female  of  the  gall  wasp  (Cyaips  folli  qaercus),  made  in  order  to  deposite  her 
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eggs ;  round  which  the  jaice  of  the  tree  exudes,  and  dries  in  concentrie  portions.  Whea 
the  insect  gets  fully  formed,  it  eats  through  the  nut,  and  flies  oflf. 

The  Levant  galls  are  of  two  different  appearances  and  qualities ;  the  first  are  heavy, 
compact,  imperforated,  the  insect  not  having  been  snfliciently  advanced  to  eat  its  vty 
through  the  shell ;  prickly  on  the  surface ;  of  a  blackish  or  blubh  green  hae ;  about  tke 
size  of  a  musket- ball.  These  are  called  black,  blue,  or  Aleppo  galls.  The  seeoad  are 
light,  spongy,  pierced  with  one  or  more  holes ;  smooth  upon  the  surface,  of  a  pale  grayiik 
or  reddish  yellow  color,  generally  larger  than  the  first,  and  are  called  vfhiti  galls.  Be- 
sides the  galls  of  the  Levant,  others  come  from  Dalmatia,  Dlyria,  Calabria,  &c. ;  bat  they 
are  of  inferior  quality,  being  found  upon  the  Quercut  Cerria ;  they  are  smaller,  of  a  biowi. 
ish  color,  and  of  inferior  value.  The  further  south  the  galls  are  grown,  they  are  reckoaed 
the  belter. 

Galb  consist  principally  of  three  substances ;  tannin  or  tannic  acid;  yellow  extractive; 
and  gallic  acid.  Their  decoction  has  a  very  astringent  and  unpleasant  bitter  taste.  Tke 
following  are  their  habitudes  with  various  reagents : — 

Litmus  paper  is  powerfully  reddened. 

Stannous  chloride  {protomuriait  of  tin)  produces  an  Isabel  yellow  preeipitnle. 

Alum ;  a  yellowish  gray  precipitate. 

Acetate  of  lead  ;  a  thick  yellowish  white  precipitate. 

Acetate  of  copper ;  a  chocolate  brown  precipitate. 

Ferric  sulphate  (red  sulphate  of  iron) ;  a  blue  precipitate. 

Sulphuric  acid ;  a  dirty  yellowish  precipitate. 

Acetic  acid  brii^htens  the  muddy  decoction. 

The  galls  of  the  Qturcus  Cerris  and  common  oak  {GaUes  d  Teptae,  Fr. ;  Knopp&n, 
Oerm.)  are  of  a  dark  brown  color,  prickly  on  the  surface,  and  irregular  in  shape  and  sixe. 
They  are  used  chiefly  for  tanning  in  Hungary,  Dalmatia,  and  the  southern  provinees  of 
the  Austrian  states,  where  they  abound. 

Tannin  or  tannic  acid  is  prepared  as  follows  :  Into  a  long  narrow  glass  adopter  tube, 
shut  at  its  lower  orifice  with  a  cotton  wick,  a  quantity  of  pounded  galls  are  put,  isd 
slightly  pressed  down.  The  tapering  end  of  the  tube  being  inserted  into  a  matrasi  or 
bottle,  the  vacant  upper  half  of  the  tube  is  filled  with  sulphuric  ether,  and  then  closed  with 
a  ground-glass  stopper.  Next  day  there  will  be  found  in  the  bottle  a  liquid  in  two  dit* 
tinct  strata ;  of  which  the  more  limpid  occupies  the  upper  part,  and  the  other,  of  a  simpy 
consistence  and  amber  color,  the  lower.  More  ether  must  be  filtered  through  the  g*Us, 
till  the  thicker  liquiJ  ceases  to  augment.  Both  are  now  poured  into  a  funnel,  closed  with 
the  finger,  and  after  the  dense  liquor  is  settled  at  the  bottom,  it  is  steadily  run  off  into  i 
capsule.  This,  after  being  washed  repeatedly  with  ether,  is  to  be  transferred  into  a  stove 
chamber,  or  placed  under  the  receiver  of  an  air  pump,  to  be  evaporated.  The  residutry 
matter  swells  up  in  a  spongy  crystalline  form  of  considerable  brilliancy,  sometimes  color- 
less, but  more  frequently  of  a  faintly  yellowish  hue. 

This  is  pure  tannin,  which  exists  in  galls  to  the  amount  of  from  40  to  45  per  cent.  It 
is  indispensable  that  the  ether  employed  in  the  preceding  process  be  previously  agitated 
with  water,  or  that  it  contain  some  water,  because  by  using  anhydrous  ether,  not  a  parti- 
cle of  tannin  will  be  obtained. 

Tannic  acid  is  a  while  or  yellowish  solid,  inodorous,  extremely  astringent,  very  solable 
in  water  and  alcohol,  much  less  so  in  sulphuric  ether,  and  uncrystallizable.  Its  watery 
solution,  out  of  contact  of  air,  undergoes  no  chanjfe ;  but  if,  in  a  very  dilute  sute, 
it  be  left  exposed  to  the  atmosphere,  it  loses  gradually  its  transparency,  and  lets  fall  a 
slightly  grayish  crystalline  matter,  consisting  almost  entirely  of  gallic  acid.  For  procariog 
this  acid  in  a  perfectly  pure  state,  it  is  merely  necessary  to  treat  that  solution  thos 
changed  with  animal  charcoal,  and  to  filter  it,  in  a  boiling  state,  through  paper  pre- 
viously washed  with  dilute  muriatic  acid.  The  gallic  acid  will  fall  down  in  crystals  u 
the  liquid  cools. 

If  the  preceding  experiment  be  made  in  a  graduated  glass  tube  containing  oxygen  over 
mercury,  this  gas  will  be  absorbed,  and  a  corresponding  volume  of  carbonic  acid  gas  will 
be  disengaged.  In  this  case  the  liquor  will  appear  in  the  course  of  a  few  weeks  as  if 
traversed  with  numerous  crystalline  colorless  needles  of  gallic  acid. 

Tannin  or  tannic  acid  consists  of  carbon  51*56  ;  hydrogen  4*20;  oxygen  44*24. 

From  the  above  facts  it  is  obvious  that  gallic  acid  does  not  exist  ready  formed  in  gall- 
nnts,  but  that  it  is  produced  by  the  reaction  of  atmospheric  oxygen  upon  the  tannin  of 
these  concretions. 

Gallic  acid  is  a  solid,  feebly  acidulous  and  styptic  to  the  tastC)  inodorous,  crystallixing 
in  silky  needles  of  the  greatest  whiteness ;  soluble  in  about  100  times  its  weight  of  ooW, 
and  in  a  much  smaller  quantity  of  boiling  water ;  more  soluble  in  alcohol  tlkna  in  water, 
but  little  so  in  sulphuric  ether. 

Gallic  acid  does  not  decompose  the  salts  of  protoxyde  of  iron,  bat  it  fbrms,  with  the 
snlphate  of  the  peroxyde,  a  dark  blue  precipitate,  much  less  insoluble  than  the  tanaatt 
oT  hwu    GtJUc  «cid  takes  Uia  oxyde  fcoa  the  acetate  and  aitrata  of  lead,  aad  thco** 
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lown  •  white  gallate  unchangeable  in  the  air,  when  it  is  mixed  with  that  acetate  and 
aitrate.  It  occasions  no  precipitate  in  solutions  of  gelatine  (isinglass  or  glue),  by  which 
criterion  its  freedom  from  tannin  is  verified. 

Gallic  acid  occurs  but  seldom  in  nature ;  and  always  united  to  brucine,  veratrine,  or 
lime.  Its  constituents  are  carbon  49*89 ;  hydrogen  3*49 ;  oxygen  46*62.  In  the  crystal- 
lise state  it  contains  one  atom  of  water,  which  it  loses  by  drying. 

Scheele  obtained  gallic  acid  by  infusing  pounded  galls  for  3  or  4  days  in  8  times  their 
weij^ht  of  water,  and  exposing  the  infusion  to  the  air,  in  a  vessel  covered  loosely  with 
paper.  At  the  end  of  two  months,  the  liquor  had  almost  all  evaporated,  leaving  some 
Bouldiness  mixed  with  a  crystalline  precipitate.  The  former  bring  removed,  the  de- 
petite  was  squeezed  in  a  linen  cloth,  and  then  treated  with  boiling  water.  The  solution, 
being  gradually  evaporated,  yielded  cr)-stals  of  gallic  acid,  granular  or  star-like,  of  a 
ipayish  color.  These  crystals  might  be  whitened  by  boiling  their  solution  along  with  a 
little  animal  charcoal.  About  one  fifth  of  gallic  acid  may  be  obtained  by  Scheele's  pro- 
cess from  good  gall-nuts. 

From  a  decoction  of  500  parts  of  galls.  Sir  H.  Davy  obtained  185  parts  of  solid  extract; 
which  consisted  of  130  parts  of  tannin  ;  31  parts  of  gallic  acid  with  extractive ;  13  parts 
of  mucilage;  12  parts  of  lime  and  salts.  Hence  gall-nuts  would  seem  to  contain,  by 
this  statement,  more  than  two  thirds  of  their  weight  of  tannin.  This  result  is  now  seen, 
IWmd  the  above  experiments  of  Pelouze,  to  have  been  incorrect,  in  consequence  of  the 
admixture  of  yellow  extractive  in  Davy's  tannin. 

The  use  of  galls  in  many  processes  of  dyeing,  and  in  making  black  ink,  is  detailed 
nader  their  respective  heads. 

GALL  OF  ANIMATE,  or  OX-GALL,  purification  of.  Painters  in  water  colors, 
aeonrers  of  chtthes,  and  many  others,  employ  ox-gall  or  bile;  but  when  it  is  not  purified, 
it  is  apt  to  do  harm  from  the  greenness  of  its  own  lint.  It  becomes  therefore  an  impor- 
tast  object  to  clarify  it,  and  to  make  it  limpid  and  transparent  like  water.  The  following 
process  has  been  given  for  that  purpose.  Take  the  gall  of  newly  killed  oxen,  and  after 
having  allowed  it  to  settle  for  12  or  15  hours  in  a  basin,  pour  the  supernatant  liquor  off 
the  sediment  into  an  evaporating  dish  of  stone  ware,  and  expose  it  to  a  boiling  heat  in  a 
water  bath,  till  it  is  somewhat  thick.  Then  spread  it  upon  a  dish,  and  place  it  before  a 
ire  till  it  becomes  nearly  dry.  In  this  state  it  may  be  kept  for  years  in  jelly  pots  cov- 
ered with  paper,  without  undergoing  any  alteration.  When  it  is  to  be  used,  a  piece  of 
it  of  the  size  of  a  pea  is  to  be  dissolved  in  a  table  spoonful  of  water. 

Another  and  probably  a  better  mode  of  purifying  ox-gall  is  the  following.  To  a  pint 
of  the  gall  boiled  and  skimmed,  add  one  ounce  of  fine  alum  in  powder,  and  leave  the 
Biztare  on  the  fire  till  the  alum  be  dissolved.  When  cooled,  pour  into  a  bottle,  which 
ii  to  be  loosely  corked.  Now  take  a  like  quantity  of  gall,  also  boiled  and  skimmed,  add 
aa  ounce  of  common  salt  to  it,  and  dissolve  with  heat ;  put  it  when  cold  into  a  bottle, 
which  is  likewise  to  be  loosely  corked.  Either  of  these  preparations  may  be  kept  for 
several  years  without  their  emitting  a  bad  smell.  AAer  remaining  three  months,  at  a 
Boderate  temperature,  they  deposite  a  thick  sediment,  and  become  clearer,  and  fit  for 
Ofdioary  uses,  but  not  for  artists  in  water  colors  and  miniatures,  on  account  of  their 
yelh)wish-green  color.  To  obviate  this  inconvenience,  each  of  the  above  liquors  is  to 
be  decanted  apart,  after  they  have  become  perfectly  settled,  and  the  clear  portion  of  both 
oiized  together  in  equal  parts.  The  yellow  coloring  matter  still  retained  by  the  mix- 
tare  coagulates  immediately  and  precipitates,  leaving  the  ox-gall  perfectly  purified  and 
eolorless.  If  wished  to  be  still  finer,  it  may  be  passed  through  filtering  paper ;  but  it 
becooiet  clearer  with  age,  and  never  acquires  a  disagreeable  smell,  nor  loses  any  of  its 
|ood  qoalities. 

Clarified  ox-eall  combines  readily  with  coloring  matters  or  pigments,  and  gives  them 
lolidity  either  by  being  mixed  with  or  passed  over  them  npon  paper.  It  increases  the 
brilliancy  and  the  durability  of  ultramarine,  carmine,  green,  and  in  general  of  all  delicate 
colon,  whilst  it  contributes  to  make  them  spread  more  evenly  upon  the  paper,  ivory, 
fce.  When  mixed  with  gum-arabic,  it  thickens  the  colors  without  communicating  to 
Ihem  a  disagreeable  glistering  appearance;  it  prevents  the  gum  from  cracking,  and 
fixes  the  colors  so  well  that  others  may  be  applied  over  them  without  degradation. 
Along  with  lamp  black  and  gum,  it  forms  a  good  imitation  of  China  ink.  When  a  coat 
of  oz-gall  is  put  upon  drawings  made  with  black  lead  or  crayons,  the  lines  can  no  loncer 
be  effaced,  but  may  be  painted  over  safely  with  a  variety  of  colors  previously  mixed  up 
irith  the  same  ox-gall. 

Miniature  painters  find  a  great  advantage  in  employing  it;  by  passing  it  over  ivory, 
it  removes  completely  the  unctuous  matter  from  its  surface;  and  when  ground  with  the 
ndors,  it  makes  them  spread  with  the  greatest  ease,  and  renders  them  fast. 

It  serves  also  for  transparencies.  It  is  first  passed  over  the  varnifhed  or  oiled  paper, 
lad  is  allowed  to  dry.  The  colors  mixed  with  the  gall  are  then  applied,  and  cannot 
lAerwards  be  removed  by  any  means. 

h  k  adapted  finally  for  taking  out  spota  of  grease  and  oil. 


GALL  OF  GLAOL 


GALL  OF  GLASS,  celled  also  sandiTer,  is  tke  Mtttral  nit  AmmtA  odTlke  tuftce 
Belled  crown  glass ;  which,  if  allowed  to  remain  too  kmf ,  is  apt  to  be  n  abaosWd  it 
part,  and  to  injure  the  quality  of  the  metals  at  the  worfcrnea  call  it. 

GALVANIZED  IRON  is  the  sooiewbat  faatartie  aame  newly  girea  ia  Fmce  to  hm 
tinned  hy  a  pepuliar  patent  process,  whereby  it  resisu  the  rostiag  ialaenee  of  damp  sir, 
and  cTen  moisinre,  much  limger  than  ordinary  tin  plate.  The  fbDowiag  ia  ikc  piCTuihd 
prucers.  Clean  the  sniface  of  the  iron  perfectly  by  the  joint  acfioa  of  iilaleaeid  sid 
friction,  ptage  it  into  •  balb  of  melted  aine,  aiid  atir  it  about  tiU  it  be  alloyed  mpa- 
ficially  with  this  metal  f  then  take  it  oot,  and  immcrte  it  ia  a  bath  of  tia,  tach  at  is  wi 
for  making  tin  plate.  The  tin  formt  an  eiteriur  coat  of  aOoy.  Wbea  the  awtal  iba 
prepared  is  exposed  to  humidity,  the  sine  is  said  to  oxydiie  slowly  by  a  galraaic  adioa, 
and  to  protect  the  iron  from  ratting  within  ii,  whereby  the  oater  tiaaed  sarftee  rcmsiH 
for  a  long  peiiod  perfectly  white,  in  ciicnmstanees  onder  which  iroa  tiaaed  ia  the  astsl 
way  would  have  been  superficially  browned  and  eorroded  with  rust. 

GAMBOGE  iGomtM  Guttt^  Fr. ;  Gutii^  Germ.)  is  a  gum  retio,  eoacreted  ia  thesk, 
from  the  milky  juice  which  exudes  from  scTeral  treet.  The  g^amkfgUt  gmttm^  a  Int 
which  grows  wild  upon  the  coastt  of  Ceykm  and  Malabar,  produeet  the  coarvcst  kiadtf 
gamboge ;  the  gutiaeftra  vera  {Slalapniiu  eawiboghidet)  of  CeyloB  and  Siaai  aflbrii 
the  bctL  It  comet  to  ut  in  cylindrical  lumps,  which  are  ontwaidly  biowa  yelkw,  km 
reddish  yellow  within,  at  alto  in  caket  i  it  it  opaque,  eatily  reducible  to  powder,  of  tpcdie 
graTity  1*207,  scentless,  and  nearly  dcTokl  taste,  bat  leaTcs  an  aerid  feeliag  is  the 
throat  Its  powder  and  wateiy  emulskm  are  yellow.  It  consists  of  80  parts  of  a  hyt- 
cinth  red  resin,  soluble  in  alcohol;  and  20  parts  of  gum;  but  by  another  aoalysis,  of  M 
of  resin,  and  10*5  of  gum.  Gamboge  is  used  as  a  pigment,  and  ia  miniatiure  paiatiat^ls 
tinge  gold  Tarnish ;  in  medicine  as  a  powerful  purge.  It  shoakl  never  be  cnploycd  ty 
confectioners  to  color  their  liquortf  as  they  sometimes  do. 

GANGUE.  A  word  derived  from  the  German  gang,  a  vein  or  chaandL  It  sigiifct 
the  mineral  tubtiance  which  either  encloaet  or  utuially  accompanies  any  meiallie  ore  m 
the  vein.  Quarts,  lamellar  carbonate  of  lime,  sulphate  of  haryia,  sulphate  and  laate  of 
lime,  generally  form  the  gangues ;  but  a  great  many  other  substances  become  socb  whes 
Ibey  predominate  in  a  vein.  In  metallurgic  works  the  first  thiac  is  to  break  the  mind 
ore  into  small  pieces,  in  order  to  teparate  the  valuable  from  the  uteleas  parts,  hy  pss- 
cesses  exiled  stamping,  picking,  sorting.  See  MsTAixuaGT  and  Mmn. 

GARNET  (Grtngt,  Fr. ;  Granaff  Germ.)  it  a  vitreout  mineral  of  the  cnbie  system,  of 
which  the  predominaTins  forms  are  the  rhomboidal  dodecahedron  and  the  trapopzohedros; 
specific  eravily  var^inir  fiom  3*35  to  4-24;  fusible  at  the  blowpipe.  Its  constituents  are;, 
silica,  42;  alumina,  20*0;  lime,  34*0;  protoxyde  of  iron,  4.  Garnets  are  oyuallf  dis- 
seminated, and  occur  in  all  the  primitive  strata  from  gneiss  to  clay  slate.  The  finer  va- 
rieties, noble  garnet  or  Almandine,  and  the  reddish  varieties  of  Grossulaire  (Essonite), 
are  employed  in  jewellery ;  the  first  are  called  the  Syrian  or  oiiental ;  the  others,  h  jacinth, 
In  some  parts  of  Germany,  garnets  are  so  abundant  as  to  be  used  as  fluxes  to  some  iron 
ores ;  in  others,  the  irarnet  gravel  is  washed,  pounded,  and  employed  as  a  snbstituie  for 
emery.  The  garnets  of  Pegu  are  most  highly  valued.  Factitious  garnets  may  be  made 
by  the  following  composition  : — Purest  while  glass,  2  ounces;  glass  of  antimony,  1  ounce; 
powder  of  cassius,  1  grain,  mahcanese,  1  grain. 

GAS  (Kne.  and  Fr. ;  GaZy  Germ.)  is  the  generic  name  of  all  those  elastic  fluids  which 
are  permanent  under  a  considerable  pressure,  and  at  the  temperature  of  zero  of  Fahren- 
heit. In  many  of  them,  however,  by  the  joint  influence  of  excessive  cold  and  pressure^ 
the  repulsive  state  of  the  particles  may  be  balanced  or  subverted,  so  as  to  transform  the 
elastic  gas  into  a  liquid  or  a  solid.  For  this  most  interesting  discovery,  we  are  indebted 
to  the  fine  genius  of  Mr.  Faraday. 

The  following  table  exhibits  the  temperatures  and  pressures  at  which  certaia  gases  are 
liquefied. 


Name  of  the  f  u. 

Become*  liquid 

Calculated  boilinf  pdiat ; 
fiarom.  a  SO  ibcm*. 

At 

Under  •  prenare  of 

Sulphurous  acid 
Chlorine 

Ammonia  ... 
Sulphureted  hydrogen  - 
Cat  bonic  acid  ... 
Hydrochloric  or  ijpuriatic  acid  - 
Deotoxyde  of  azote 

59»F. 

60 

60 

60 

32 

60 

46 

3  atmospheres. 
4 

6*6 
17 
36 
60 
60 

—  4^Fahr. 

—  22 

—  64 

—  142 

—  229 

—  249 

—  254 

GAS-LIGHT. 


551 


Liquid  carbonic  acid  becomes  solidified,  into  a  snowy-looking  substance,  by  its  own 
rapid  evaporation!  Oxygen,  hydrogen,  and  azote,  have  hitherto  resisted  all  attempts  to 
divest  them  of  their  elastit  form.  For  this  purpose,  it  is  probable  that  a  condensing  force 
equal  to  that  of  650  atmospheres,  will  be  required. 

The  volume  of  any  gas  is,  generally  speakini?,  inversely  as  the  pressure  to  which  it  is 
exposed ;  thus,  nnder  a  double  pressure  its  bulk  becomes  one  half;  unAcr  a  triple  pres- 
eare,  one  third;  and  so  on.    For  the  change  of  volume  in  gaseous  bodies  by  heal,  see 

HXPANSION. 

Ammonia,  carbonic  acid,  carbureted  hydrogen,  chlo«rtne,  #itiriatic  acii(  snlphurons 
acid,  sulphureted  hydrogen,  are  the  gases  of  most  direct  interest  in  the  arts  and  manu- 
#*»ctures.    Their  detailed  examination  belongs  to  a  work  on  chemistr}'. 

GAS-LIGHT.    (Eelairage  par  Fr. ;  Gaslicht,  Germ.)    Dr.  Clayton  demon- 

strated, by  numerous  experiments  in  1737  and  1738,  that  bituminous  pit-coal  subjected  to 
a  red  heat  in  close  vessels,  afforded  a  great  deal  of  an  air  similar  to  the  fire-damp  of 
mines,  but  which  burned  with  a  brighter  flame.  It  does  not  appear  that  this  species 
of  factitious  air  was  ever  produced  from  pit-coal  for  the  purpose  of  artificial  illumination 
till  1792,  when  Mr.  William  Murdoch,  engineer  to  Messrs.  Bolton  and  Watt,  employed 
eoal  gas  for  lighting  his  house  and  offices,  at  Redruth  in  Cornwall.  The  gas  was  gen- 
erated in  an  iron  retort,  whence  it  was  received  in  a  gasometer,  distributed  in  differ- 
ent situations  by  pipes,  and  finally  burned  at  small  apertures  which  could  be  opened 
and  stopped  at  pleasure.  He  moreover  made  this  light  moveable,  by  confining  the  ga^ 
in  portable  tia-plate  vessels,  and  burning  it  wherever  he  pleased.  Between  this  period 
and  1802,  Mr.  Murdoch  continued  at  intervals  to  make  similar  experiments;  and 
upon  occasion  of  the  national  illurninalion  in  the  spring  of  the  latter  year,  at  the 
peace  of  Amiens,  he  lighted  up  part  of  the  Soho  manufactory  with  a  public  display  of  gas- 
lights. 

The  earliest  application  of  this  artificial  Hcht,  on  a  large  systematic  scale,  was  made 
at  Manchester;  where  an  apparatus  for  lighting  the  great  cott(m  mills  of  Messrs. 
Philips  and  Lee,  was  fitted  up  in  1804  and  1805,  under  the  direction  of  Mr.  Murdoch. 
A  quantity  of  lis;ht,  nearly  equal  to  3000  candles,  was  produced  and  distiibuted  in  this 
builiio;.  This  Sfdeadid  paUern  has  been  since  followed  very  generally  in  Great  Britain, 
and  more  or  less  in  many  parts  of  the  continents  of  Europe  and  America.  By  the  yeai 
2822,  ?as-Ughtiag  in  London  had  become  the  business  of  many  public  companies.  At 
the  Peter  street  station,  for  example;  300  retorts  had  been  erected,  supplying  15  gasome- 
ters, havinv  each  an  average  capacity  of  20*626  cubic  feet,  but,  being  never  quite  filled, 
Cheir  total  contents  in  gas  might  be  estimated  at  309,385  cubic  feet.  The  extent  of  main 
pipes  of  di$iribution  belonging  to  this  station  was  then  about  57  miles,  with  two  separate 
mains  in  some  of  the  streets.  The  product  of  gas  was  from  10,000  to  12,000  cubic  feet 
from  a  chaliiron  of  coals.  The  annual  consumption  of  coals  was  therefore  altos^ethcr  9282 
chaldrons,  affording  11,384,000  cubic  feet  of  gas,  allowing  153  retorts  to  be  in  constant 
daily  action,  uf)on  an  average  of  the  year;  and  illuminating  10,660  private  lamps,  2248 
street  lamps,  and  3894  theatre  lamps. 

At  the  Brick-lane  works,  371  retorts  were  fixed,  in  1822,  133  b^ing  worked  on  an  aver 
asre  of  summer  and  winter.  There  were  12  gasometers,  charged  with  an  average  quantity 
of  ^as  amounting  to  197,214  cubic  feet.  Of  coals,  8060  chaldrons  were  annually  con- 
samed;  96,720,000  cubic  feet  of  gas  were  generated  ;  for  the  supply  of  1978  public  lamps, 
and  7366  private  ones,  connected  with  main  pipes  40  miles  long. 

At  the  Curtain  road  eas  establishment,  there  were  240  retorts;  bufthe  greatest  number 
worked  in  1821  was  only  80,  and  the  lowest  21.  The  six  casomelers  had  an  average 
contents  of  90,467  cubic  feet.  Of  coals,  3336  chaldrons  were  annually  consumed,  yield- 
ing 40.010.000  cubic  feet  of  gas,  that  supplied  3860  private  lamps,  and  629  public  ones, 
by  means  of  mains  25  miles  long.  The  above  three  stations  belonged  to  the  London  Gas- 
Lisht  and  Coke  Company. 

The  City  of  London  Gas-Light  Company,  Dorset  street,  had  built  up  230  retorts,  and 
6  ifasomelcrs,  while  two  were  preparing;  havin?  a  total  capacity  of  181,282  cubic  feet. 
Of  private  lamps  5423  were  lighted,  and  2413  |>ublic  ones,  from  mains  extending  50  miles. 
The  quantify  of  coals  carbonized  amounted  to  8840  chaldrons;  producing  106,080,000 
cubic  feet  of  eas. 

The  South  Lnndon  Gas-Li?ht  and  Coke  Company  had  mounted  at  Bankside  143  retorts, 
with  3  gasometers;  the  contents  of  the  whole  being  41,110  cubic  feet,  connected  with 
mains  fi«>m  30  to  40  miles  long.  At  their  other  station,  in  Wellington  street,  9  large 
gasometers  were  then  erectinij,  with  a  capacity  of  73,565  cubic  feel,  which  were  to  be 
supplied  with  gas  from  Bankside,  till  retorts  were  mounted  for  them. 

The  Imperial  Gas-Light  and  Coke  Company  had  at  that  time  6  gasometers  in  progress 
at  their  Hackney  station. 

In  1822  there  were  thus  four  great  companies,  having  in  all  47  gasometers  at  work, 
capable  of  containing  917,940  cubic  feet  of  gas,  supplied  by  1315  retorts,  which  generated 
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per  annam  upwards  of  397,000,000  cubic  feet  of  gas,  by  which  61,203  private  boBfiyiii 

7268  public  or  street  lamps,  were  lighted  in  the  metropolis.   Besides  these  poUie  eai> 
panics,  there  were  likewise  several  private  ones. 

1.  Of  the  generaiion  of  illuminating  gases,— Fure  hydrogen  gas  boms  with  too  Mk 
a  flame  to  be  employed  (or  illumination.  But  carbureted  hydrogen  having  the  propcitj 
of  precipiffttinf  its  carbon  in  the  act  of  burning,  its  solid  particles  become  ineandeteetf, 
and  diffuse  a  vivid  light.  The  more  carbon  it  contains,  the  more  brightly  does  it  ban. 
Tbir  gas  exims  in  two  distinct  states  of  combination.  In  the  first,  two  measnres  of  h^ 
dragen  gas  are  combined  with  one  measure  of  the  vapor  of  carbon,  forming  together  oae 
measure  whose  specific  fft*avity  is  of  course  the  sum  of  the  weights  of  the  eonstitaeati, 
or  0*559 ;  atmospherical  air  being  1*000.  This  is  the  gas  which  is  found  in  mines,  lad 
is  also  evolved  in  ditches  from  decomposing  veeetable  matter.  In  the  seeond,  two  mcas* 
ures  of  hydrogen  gas  are  combined  with  two  of  gaseous  carbon,  forming  also  oae  voIsm 
or  measure  whose  weight  or  specific  gravity  is  0*985.  This  was  at  one  time  called  the 
olefiant  gas,  because  when  mixed  with  chlorine  an  oily  looking  eomponnd  was  prodoeei 
It  may  be  called  as  well  oil  gas,  because  it  is  generated  in  considerable  qnantitiei  by  the 
igneous  decomposition  of  oil.  Thus  the  olefiant  gas  contains  in  the  same  volume  daokk 
the  quantity  of  carbon  of  common  carbureted  hydrogen,  and  it  bums  with  a  proportioa- 
ably  brighter  flame.  The  gaseous  oxyde  of  carbon,  as  well  as  solphureted  hydrogen  pa, 
burns  with  a  feeble  blue  light,  but  the  latter  produces  in  combustion  sulphnrons  add,  u 
ofl*ensive  and  noxious  gas. 

By  dry  distillation  or  carbonization  in  close  vessels,  all  bodies  of  vegetable  and  aaioMl 
origin  disengage  carbureted  hydrogen  gas ;  even  charcoal,  when  placed  in  igoitioa  ii 
contact  with  steam,  by  decomposing  the  water,  produces  abundance  of  carbonic  acid, 
carbureted  hydrogen,  hydrogen,  and  carbonic  oxyde.  After  separating  the  carbonic  waH 
with  liaie  water,  that  mixed  gas  contains  in  100  measures,  20  of  carbureted  hydrogea; 
the  rest  being  hydrogen  and  carbonic  oxyde,  so  that  the  gaseous  mixture  cannot  be  aicd 
for  ilkiminaLiun.  The  best  substances  for  furnishing  a  gas  rich  in  htminiferoos  materiali 
are,  pitcoal,  especially  the  cannel  coal,  resin,  oil,  fats  of  all  kinds,  tar,  wax,  &e.  In  some 
cases  the  gases  evolved  during  the  igneous  decomposition  of  bones  and  other  animal  mil- 
ters for  the  production  of  ammonia,  may  be  employed  for  procuring  light,  bat  they  ait 
apt  to  emit  a  fetid  odor. 

When  coals  are  heated  in  a  cast-iron  retort  to  ignition,  the  progress  of  decompositioa 
is  as  follows.  First,  and  before  the  retort  becomes  red  hot,  steam  issues  along  with  tlie 
atmospheric  air.  When  the  retort  begins  to  redden,  tar  distils  in  considerable  quantity 
•  with  some  combuslible  cas,  of  which  hydrogen  mixed  with  ammoniacal  tras  forms  n  part. 
The  evolution  of  gas  increases  as  the  retort  becomes  bolter,  with  a  continual  productioo 
of  tar  and  ammoniacal  liquor  as  well  as  sulphurous  acid  from  the  pyrites  of  the  conl,  which 
unites  wiih  the  ammonia.  When  the  retort  has  come  to  a  bright  cherry  red  heat,  the 
disengagement  of  gas  is  most  active.  By  and  by  the  gaseous  production  diminishe«,  and 
eventually  ceases  entirely,  although  the  heat  be  increased.  In  the  retort  a  quantity  of 
carbonized  coal  or  coke  remains,  while  tar  is  found  at  the  bottom  of  the  receiver,  cc'vered 
with  the  ammoniacal  liquor,  and  combined  with  carbonic  and  sulphurous  acids,  and  snU 
phureled  hydrogen. 

If,  during  this  distillation,  the  combustible  gas  be  collected  and  examined  at  the 
several  stages  of  the  process,  it  is  found  to  dilfer  extremely  in  its  luminifeious  powers. 
That  which  comes  off  before  the  retort  has  acquired  its  proper  temperature,  gives  a 
feeble  light,  and  resembles  the  gas  obtained  by  the  ignition  of  moist  charcoal,  consisting 
chiefly  of  hydrogen.  That  evolved  when  the  retort  has  just  acquired  throughout  a  fivid 
red  heat,  is  the  best  of  all,  consisting  chiefly  of  bi-carbureted  hydrogen  or  olefiant  cat. 
From  good  coal,  it  consists,  for  example,  in  100  measures,  of  13  of  olefiant  gas  8*2*5  of 
carbureted  hydrogen,  3*2  carbonic  oxyde,  1*3  azote;  the  mixture  having  a  specific  gravity 
of  0*650.  At  a  later  period,  as  after  5  hours,  it  contains  7  measures  of  olefiant  gas,  56 
of  carbureted  hydrogen,  II  of  carbonic  oxyde,  21*3  of  hydrogen,  4*7  of  azote;  the  speci- 
fic gravity  of  the  whole  being  0*500.  Towards  the  end  of  the  operation,  as  after  10  hours, 
it  contains  twenty  measures  of  carbureted  hydrogen,  10  of  carbonic  oxyde,  60  of  hydro- 
gen, 10  of  azote,  with  a  specific  gravity  of  only  0*345.  The  hydrogen  becomes  sulphur- 
eted  hydroi^en,  if  there  be  much  pyrilous  matter  in  the  coal.  The  larger  proportion  of 
the  gas  is  disengaged  during  the  flrsl  hour,  amounting  to  about  one  fifth  of  the  whole;  in 
the  three  following  hours  the  disengagement  is  tolerably  uniform,  constituting  in  all  fifly- 
four  hundredths ;  in  the  sixth  hour,  it  is  one  tenth;  in  the  seventh  and  eighth  hoars, 
sixteen  hundredths. 

Troin  these  observations  are  derived  the  rules  for  the  production  of  a  good  light  gu 
from  coals.  They  show  that  the  distillation  should  commence  with  a  retort  previously 
heated  to  a  cherry  red,  since  thereby  good  gas  is  immediately  produced,  and  a  portioa 
of  the  tar  is  also  converted  into  gas,  instead  of  bein^  simply  distilled  over  into  the  con- 
denser  pit;  that  this  heat  should  be  steadily  continued  during  the  whole  operatioa, 
from  5  to  8  hours ;  that  it  should  not  be  increased,  especially  towards  the  end,  fur  (ear 
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ersting  carbonic  ozyde  and  hydrogen  gases,  as  well  as  of  injoring  the  retort  when 
ding  agency  of  gasefication  has  become  feeble ;  and  that  the  operation  should  be 
id  some  time  before  gas  ceases  to  come  over,  lest  gases  with  feeble  illuminating  power 
I  impoverish  the  contents  of  the  mometer.  Upon  the  average,  a  pound  of  good  eoal 
»  four  cubic  feet  of  gas,  or  a  chaldion=26  cwts.  London  measure,  affords  fr^  12,000 
DOO  cubic  feet,  accordins?  to  the  form  of  the  retort,  and  the  manner  of  firing  it. 
en  oil,  fats,  rosin,  tar,  &c.  are  employed  for  the  production  of  a  light  gts,  it  is  Mi 
ent  to  introduce  these  substances  into  the  retorts,  and  to  heat  them,  as  is  imm 
*oals.  In  this  cas^,  the  greater  part  of  them  would  distil  over  in  the  state  of  vol»» 
is,  and  very  little  gas.be  generated,  only  as  much  as  corresponded  to  the  quantity 
,  &.C.  in  immediate  contact  with  the  retort.  It  becomes  therefore  necessary  to 
e  retorts  with  pieces  of  brick  or  coke ;  and  to  keep  them  in  ignition,  while  the 
c.  is  slowly  introduced  into  their  interior.  The  fats  instantly  assume  the  vaporous 
and  thus  coming  into  contact  upon  an  extensive  surface  with  the  ignited  brides, 
ecomposed  into  combustible  gases.  A  small  portion  of  carbonaceous  matter  re- 
in the  retort,  while  much  olefiant  gas  is  formed,  possessing  a  superior  illnmi- 
l  power  to  common  coal  gas,  and  entirely  free  from  sulphureous  impregnation. 
«st  oil  gas  is  generated  at  a  dull  red,  a  heat  much  l>elow  what  is  requisite  for  the 
iposition  of  coal.  A  more  intense  heat  would  indeed  produce  a  greater  volume 
I,  but  of  a  poorer  quality,  because  the  olefiant  gas  thereby  deposites  one  half  of 
rbon,  and  is  converted  into  common  carbureted  hydrogen.  Oil  affords  at  a  lively 
eat,  gases  which  contain  in  100  measures,  19  of  olefiant  gas,  32*4  of  carbureted 
gen,  12*2  of  carbonic  oxyde  gas,  32*4  of  hydrogen,  and  4  of  azote ;  the  mean  specific 
y  being  only  0*590.  At  a  more  moderate  temperature  it  yields  22*5  of  the 
It,  50*3  carbureted  hydrogen,  15'5  carbonic  oxyde,  7*7  hydrogen,  and  4  aaote, 
a  specific  gravity  of  0-758.  It  contains  when  generated  by  dull  ignition,  as  is 
in  works  on  the  manufacturing  scale,  in  100  parts  from  38  to  40  of  olefiant  gM, 
lesides  the  carbureted  hydrogen,  a  few  per  cent,  of  carbonic  oxyde  and  azote, 
I  specific  gravity  of  0*900,  and  even  upwards.  One  pound  of  oil  or  fluid  fat  affoitla 
bic  feet  of^  gas;  of  tar  affords  about  12  cubic  feet;  of  rosin  or  pitch,  10  cubic  feet, 
ten  the  oil  gas  is  compressed  by  a  force  of  from  15  to  20  atmospheres,  as  was  the 
ce  of  the  Portable  Gas  Company,  about  one  fifth  of  the  volume  of  the  gas  becomes 
led  into  an  oily,  very  volatile  fluid,  having  the  specific  gravity  0*821.  It  is  a 
re  of  three  fluids  (consisting  of  carbureted  bydroicen),  of  different  degrees  of 
lity.  The  most  volatile  of  these  boils  even  under  32®  F.  Some  of  the  vapor  of 
as-oil  is  mixed  with  the  olefiant  gas  in  the  general  products  of  decomposition ;  in 
luence  of  which  they  are  sometimes  richer  in  carbon  than  even  olefiant  gas,  and 
a  higher  illuminating  power.  Oil  gas  contains  about  22  per  cent,  and  coal  gas 
3}  per  cent,  of  this  oily  vapor.  In  the  estimations  of  the  composition  of  the 
given  above,  this  vapor  is  included  under  olefiant  gas.  This  vapor  combines 
y  with  sulphuric  acid,  and  is  thus  precipitated  from  the  gaseous  mixture.  The 
It  of  olefiant  gas  is  shown,  by  adding  to  the  eas,  contained  over  water,  one  half  of 
lumeof  chlorine,  which,  in  the  course  of  an  hour  or  two,  condenses  the  olefiant  gas 
in  oily  looking  liquid  (chloride  of  hydrocarbon.)  After  the  mixture,  the  gases 
be  screened  from  the  light,  otherwise  the  common  carbureted  hydrogen  would  also 
ne  with  the  chlorine,  while  water  and  carbonic  acid  would  make  their  appearance. 
i  oil  employed  for  affording  gas  is  the  crudest  and  cheapest  that  can  be  boueht ;  even 
obber  and  sediment  of  whale  oil  are  employed  with  advantage.  AAer  all,  however, 
I  so  much  cheaper,  and  the  gas  produced  from  it  is  now  so  well  purified,  that  oil 
^in  are  very  little  used  in  gas  apparatus. 

jaratus  for  Coal  Gas. — Coal  gas,  as  it  issues  from  the  retort,  cannot  be  directly 
yed  for  illumination ;  for  it  contains  vapors  of  tar  and  coal  oil,  as  also  steam 
gnated  with  the  carbonate,  sulphite,  and  hydrosulphuret  of  ammonia.  These 
I  would  readily  condense  in  the  pipes  through  which  the  gas. must  be  dis- 
ed,  and  would  produce  obstructions  ;  they  must  therefore  be  so  far  removed  by 
RU  coolin?,  as  to  be  liable  to  occasion  no  troublesome  condensation  at  ordinary 
ratores.  The  crude  coal  gas  contains  moreover  sulphureted  hydrogen,  whose  com- 
n  for  li?ht  would  exhale  an  offensive  sulphureous  odor,  that  ou?ht  to  be  got 
as  much  as  possible.  Carbonic  acid  and  carbonic  oxyde  gases,  eenerated  at  first 
:he  decomposition  of  the  steam  by  the  isfnited  coal,  enfeeble  the  illuminating  power 
!  gas,  and  should  be  removed.  The  disengagement  of  gas  in  the  retorts  is  never 
m,  but  varies  with  the  degree  of  heat  to  which  they  are  ex|K>sed;  for  which 
I  the  gas  must  be  received  in  a  gasometer,  where  it  may  experience  uniform  pres- 
and  be  discharged  uniformly  into  the  pipes  of  distribution,  in  order  to  ensure  a 
'  discharge  of  gas,  and  uniform  intensity  of  light  in  the  burners.  A  coal  gas  appa- 
OQght  therefore  to  be  so  constructed  as  not  only  to  generate  the  gas  itself,  but  to  Mfil 
lOve  conditions. 


654 


GAS-LIGHT. 


482 


In  Jig.  482,  such  an  apparatus  is  represented,  where  the  Tarions  puts  are  shown  eoi- 
nected  with  each  other,  in  section. 

A  is  the  furnace  with  its  set  of  cylindrical  or  elliptical  retorts,  five  in  number.  Fm 
each  of  these  retorts,  a  tube  6  proceeds  perpendicularly  upwards,  and  then  bf  a  cam 

or  saddle-tube,  it  tunu  dm- 
wards,  where  it  enters  a  loof 
horizontal  cylinder  under  a,  skit 
at  each  end  with  a  screw  eap,  lai 
descends  to  beneath  its  mMt, 
so  as  to  dip  about  an  inch  iato 
the  water  contained  in  it  Fm 
one  end  of  this  cylinder  the  tobe 
d  passes  downward,  to  conaed 
itself  with  a  horizontal,  tobe 
which  enters  into  the  Ur  fit  or 
ciitem  c,  by  means  of  the  ferti* 
cal  branch/.  This  branch  retch- 
es to  near  the  bottom  of  the  cy- 
lindrical vessel,  which  sits  oo  tie 
sole  of  the  tar  cistern.  Ftoib  the 
other  side  of  the  vertical  braach 
/,  the  main  pi|)e  proceeds  to  the 
condenser  d,  and  thence  by  the 
pipe  /,  into  the  purifier  e  ;  froa 
which  the  gas  is  immediatdf 
transmitted  by  the  pipe  p  into  the 
gasometer  f. 

The  operation  proceeds  ia  the 
following  way : — As  soon  as  gti 
begins  to  be  disengaged  from  the 
ignited  retort,  tar  and  ammosi- 
acal  liquor  are  deposited  in  Utt 
cylindrical  receiver  b,  and  fill  it 
up  till  the  superfluity  runs  orer 
by  the  piperf,  the  level  being  con- 
stantly preserved  at  the  line 
shown  in  the  figure.  By  the  sioie 
tarry  liquid,  the  orifices  of  the 
several  pipes  6,  issuing  from  the 
retorts,  are  closed  ;  whereby  the 
gas  in  the  pipe  d  has  its  com- 
munication cut  oflf  with  the  gu 
in  the  retorts.  Hence  if  one  of 
the  retorts  be  opened  and  emp- 
tied, it  remains  shut  ofi*fnnnUic 
rest  of  the  apparatus.  This  ii* 
sulation  of  the  several  retorts  i$ 
the  function  of  the  pipe  onderi, 
and  therefore  the  recurved  tube* 
must  be  dipped  as  far  under  tbe 
surface  of  the  tarry  liquid,  as  to 
be  in  equilibrio  with  tbe  pressure 
of  the  gas  upon  the  water  in  tke 
purifier.  The  tube  b  is  dosed  it 
top  with  a  screw  cap,  which  ctn 
be  taken  oflT  at  pleasure,  to  per- 
mit the  interior  to  be  cleansed. 

Both  by  the  overflow  from  ih« 
receiver-pipe  b,  and  by  sub^^ 
qnent  condensation  in  the  tube  (2,  tar  and  ammoniacal  liquor  collect  progressively  in  the 
cistern  or  under  c,  by  which  minzled  lirjuitis  the  lower  orifice  of  the  vertical  lube/  i* 
closed,  so  that  the  ^as  cannot  escape  into  the  empty  space  of  this  cistern.  These  liqoi^ 
flow  over  the  edsjes  of  the  inner  vessel  when  it  is  full,  and  may  from  time  to  time  be 
drawn  off  by  the  stopcock  at  the  bottom  of  the  cistern. 

Though  the  gas  has,  in  its  progress  hitherto,  deposited  a  good  deal  of  its  tarry 
■mmoniacal  vapors,  yet,  in  consequence  of  its  high  temperature,  it  still  retains  a 
•iderable  portion  of  them,  which  must  be  immediately  abttneted^  otherwise  the  W 
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would  pollute  the  lime  in  the  vessel  e,  and  interfere  with  its  purification.  On  thiiae- 
eouDt  the  ^as  should,  at  this  period  of  the  procesp,  be  cooIfHl  as  much  as  possible,  in  order 
to  condense  these  vapors,  and  to  faror  the  action  of  the  lime  in  the  purifier  k,  upon  the 
sulphureled  hydrosen,  which  is  more  energetic  the  lower  the  temperature  of  the  gas. 
The  ctial  glis  passes,  therefore,  from  the  tube  /  into  the  tube  h  of  the  condenser  d,  which 
is  placed  in  an  iron  chest  g  filled  with  water,  and  it  defKisites  more  tar  and  ammoniacal 
liquor  in  the  under  part  of  the  cistern  at  /,  /.  When  these  liquids  have  ri>en  to  n  certain 
level,  they  overflow  into  the  tar-pit,  as  shown  in  the  figure,  to  be  drawn  off  by  the  stop- 
cock as  occasiiin  may  require. 

The  refrigerated  gas  is  now  conducted  into  the  purifier  e,  which  is  filled  with  milk  of 
lime,  made  by  mixing  one  part  of  slaked  lime  with  25  parts  of  water.  The  isas,  as  it 
enters  by  the  pipe  /,  depre.«ses  the  water  in  the  wide  cylinder  n,  thence  pa<ses  under  the 
perforated  disc  in  the  under  part  of  that  cylinder,  and  rising  up  through  i;inuriierable 
•mall  holes  is  distributed  throutihout  the  lime  liquid  in  the  vessel  m.  By  C(»niact  with 
the  lime  on  this  extended  surface,  the  gas  is  stripped  of  its  sulphuretted  hydrotien  and 
carbonic  acid,  which  are  condensed  into  the  hydro-sulphuret  and  carbonate  of  lime ;  it  now 
enters  the  gasometer  f  in  a  purified  stale,  through  the  pipe  p  /,  and  occupies  ihe  space  g. 
The  gasometer,  pressing  with  a  small  unbalanced  force  over  the  counterweight  «,  expels 
it  through  the  main  «  u,  in  communication  with  the  pipes  of  di>tribuiion  through  the 
buildings  or  streets  to  be  illuminated. 

The  parts  a  b  c  d  e  and  f,  of  which  this  apparatus  consists,  are  essential  constituents 
of  every  good  co;il-gas  work.  Their  construction  rests  upon  peculiar  principles,  is  sus- 
ceptible of  cert-iin  modifications,  and  therefore  deserves  to  be  oonsidered  in  detail. 

The  Rfiorin,  —  These  are  generally  made  of  cast  iron,  though  ibey  have  occa<iionally 
been  made  of  baked  clay,  like  common  earthenware  retorts.  The  nrieinal  form  was  a 
cylinder,  which  was  chanced  to  an  ellipse,  with  the  long  axis  Vk  a  horizontal  direction, 
then  into  the  shape  of  the  letter  d  with  the  straight  line  undermost,  and  lastly  into  a 
semi-cylinder,  with  its  horizontal  diameter  22  inches,  and  its  vertical  varying  from  9  to 
12.  The  kidney  form  was  at  one  time  preferred,  but  it  has  been  little  used  of  lute. 
The  form  of  retort  represented  in  Jig.  483  has  been  found  to  yield  the  largest  quantity 

of  good  gas  in  the  shortest  time,  and  with 
the  least  quantity  of  firing.  The  length  is 
7^,  and  the  transverse  area,  from  one  foot 
to  a  foot  and  a  half  square.  The  arrows 
show  the  direction  of  the  flame  and  draught 
In  this  excellent  bench  of  retortx,  as 
monnted  by  Messrs.  Barlow. 

The  charge  of  coals  is  most  conveniently 
introduced  in  a  tray  of  sheet  iron,  made 
somewhat  like  a  grocer's  scoop,  adnpted  to 
the  size  of  the  retort,  which  is  pushed  home 
to  its  further  end,  inverted  so  as  to  turn 
out  the  contents,  and  then  immediately 
withdrawn. 

The  duration  of  the  process  or  the  time 
of  completing  a  distillation,  depends  upon 
the  nature  of  the  coal  and  the  form  of  the 
retort.  With  cylindrical  retorts  it  cannot 
be  finished  in  less  than  6  hours,  but  with 
elliptical  and  semi-cylindrical  retorts,  it  may 
be  completed  in  4  or  5  hours.  If  the  dis- 
tillation be  continued  in  the  former  for  8 
boars,  and  in  the  latter  for  6,  gas  will  continue  to  be  obtained,  but  during  the  latter  period 
of  the  operation,  of  indilferent  quality. 

Tkt  Receiver.  —  If  the  furnace  contains  only  2  or  3  retorts,  a  simple  cylindrical  vessel 
standing  on  the  ground  half  filled  with  water,  may  serve  as  a  receiver;  into  which  the 
tube  from  the  retort  may  be  plunged.  It  should  be  provided  with  an  overflow  pipe  for  the 
tar  and  ammoniacal  liquor.  For  a  range  of  several  retortsy  a  long  horizontal  cylinder  is 
preferable,  like  that  represented  at  b  in  fig.  484.  Its  diameter  is  from  10  to  15  inches. 
This  cylinder  may  be  so  constructed  as  to  separate  the  tar  from  the  ammoniacal  liquor, 
by  means  of  a  syphon  attached  to  one  of  its  ends. 

The  Condenner. —  The  condenser,  represented  in  fig.  482,  consists  of  a  square  chest 
made  of  wrought  iron  plates  open  at  top,  but  having  its  bottom  pierced  with  a  row  of 
holes,  to  receive  a  series  of  tubes.  To  these  holes  the  upright  four-inch  tubes  h  h  are 
secured  by  flanges  and  screws,  and  they  are  connected  in  pairs  at  top  by  the  curved  or 
saddle  tubes.  The  said  bottom  forms  the  cover  of  the  chest  /,  t,  which  is  divuied  by  fcr* 
tial  iron  partitions,  into  half  as  ouuiy  compartments  ss  there  are  tubes. 
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These  [rartition  plates  are  left  open  at  bottom,  to  as  to  place  the  liquids  oF  each  eai> 
partment  in  communicatioD.  Thereby  the  gas  panes  up  and  down  the  series  of  taki^ 
in  proceeding  from  one  compartment  to  another.   The  condensed  liquids  descend  into  tti 

box  /,  /,  and  flow  over  into  the  i 
cistern,  when  they  rise  above  the  kid 
ty  t.  The  tar  maj  be  drawn  off  tm 
time  to  time  by  the  stopcock.  ThmA 
the  tube  Xr,  cold  water  flows  into  & 
condenser  chest,  and  the  warm  walff 
passes  away  by  a  pipe  at  its  vppci 
edge. 

The  extent  of  surface  which  the  gM 
requires  for  its  refrigeration  before  i 
is  admitted  into  the  washing4ime  a^ 
paratns.  depends  upon  the  tempers- 
ture  of  the  milk  of  lime,  and  Ik 
quantity  of  gas  generated  in  a  eeitak 
time. 

It  may  be  assumed  as  a  detemiialifla 
sufficiently  exact,  that  10  square  fert 
of  surface  of  the  condenser  can  cool 
a  cubic  foot  of  gas  per  minute  to  the 
temperature  of  the  cooling  walcr. 
For  example,  suppose  a  furnace  of 
arch  with  5  retorts  of  150  pounds  sf 
coal  each,  to  produce  in  5  hours  3OO0 
cubic  feet  of  gas,  or  10  cubic  feet  per  minute,  there  would  be  required,  for  the  cooUif 
surface  of  the  condenser,  100  square  feet  =  10  X  10.  Suppose  100,000  cubic  feelrf 
gas  to  be  produced  in  24  hours,  for  which  8  or  9  such  arches  must  be  employed,  the  edS- 
densine  suifacc  must  contain  from  800  to  900  square  feet. 

The  Purifier, — The  apparatus  represented  in  the  precedinjf  figure  is  composed  of  a 
cylindrical  iron  vessel,  with  an  air-ticht  cover  screwed  upon  it,  through  which  the  cyliadcr 
«  is  also  fixed  air-tieht.  The  bottom  of  this  cylinder  spreads  out  like  the  biim  of  a  hat, 
forming  a  horizontal  circular  partition,  which  is  pierced  with  holes.  Through  a  stoffiaf 
box,  in  the  cover  of  this  interior  cylinder,  the  vertical  axis  of  the  agitator  posses,  which 
is  turned  hy  wliprl  and  pinion  work,  in  order  to  stir  up  ihe  lime  fiom  the  bottom  of  the 
water  in  the  purifier.  The  vessel  o  serves  for  introducing  fre>h  milk  of  liri:e,  as  also  for 
lettinc  it  oil"  hy  a  stopcock  when  it  has  become  too  foul  for  further  use. 

The  (juanlity  of  lime  should  be  proportioned  to  the  quantity  of  sulphureted  hydrogen 
and  carbonic  acid  contained  in  the  cas.  Supposing  that  in  pood  coal  cbs  there  is  5  per 
cent,  of  tiiesf  uases,  about  one  pound  and  a  half  of  lime  will  be  requisite  for  every  hnn- 
dred  cubic  feel  of  coal  cas  generated,  which  amounts  to  nearly  one  sixteenth  of  ihf 
weight  of  coal  subjected  to  decomposition.  This  quantity  of  lin»e  mixed  with  the  proper 
quantity  of  water  will  form  about  a  cubic  foot  of  milk  of  lime.  Consequently,  the 
capacity  of  the  purifier,  that  is,  of  the  interior  space  filled  with  liquid,  may  be  taken  at 
four  sevenths  of  a  cubic  foot  for  every  hundred  cubic  feet  of  gas  passing  throurh  it  in 
one  opetntion;  or  for  17a  cubic  feel  of  pas,  one  cubic  foot  of  liquor.  After  every 
operation,  that  is,  after  every  five  or  six  hours,  the  purifier  must  be  filled  afresh.  Sap- 
pose  that  in  the  course  of  one  operation  20,000  cubic  feet  of  gas  pass  through  the 

20,000 

machine,  this  should  be  able  to  contain  =  1 14  cubic  feet  of  milk  of  lime  ;  whence 

its  diameter  should  be  seven  feet,  and  the  height  of  the  liquid  three  feet.  If  the  capacity 
of  the  vessel  be  less,  the  lime  milk  must  be  more  frequently  chanced. 

In  some  of  the  large  cas  works  of  I^ndon  the  purifier  has  the  following  construction, 
whereby  an  uninterrupted  influx  and  efflux  of  milk  of  lime  takes  place.  Three  single 
purifiers  are  so  connected  tocether,  that  the  second  vessel  stands  higher  than  the  first, 
and  the  third  than  the  second ;  so  that  the  discharge  tube  of  the  superior  vessel,  placed 
somewhat  below  its  cover,  inters  into  the  upper  part  of  the  next  lower  vessel;  conse- 
quently, should  the  milk  of  lime  in  the  third  and  uppermost  vessel  rise  above  its  onii- 
nary  level,  it  will  flow  over  into  the  second,  and  thence  in  the  same  way  into  the  first; 
from  which  it  is  let  oflT  by  the  eduction  pipe.  A  tube  introduces  the  gas  from  the  con- 
denser into  the  first  vessel,  another  tube  does  the  same  thing  for  the  second  vessel,  fcc^ 
and  the  tube  of  the  third  vessel  conducts  the  gas  into  the  gasometer.  Into  the  third 
vessel,  milk  of  lime  is  constantly  made  to  flow  from  a  cistern  upon  a  higher  Icvd. 
By  this  arrancement,  the  cas  passing  through  the  several  vessels  in  proportion  as  it 
is  purified,  comes  progressively  into  contact  with  purer  milk  of  lime,  whereby  its  purifi- 
cation becomes  more  complete.    The  agitator  c,  provided  with  two  stirring  paddles,  iB 
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ontinual  rotation.  The  pressure  which  the  gas  has  here  to  overcome  is  naturally 
M  as  great  as  with  a  single  purifier  of  like  depth. 

(5  is  a  simple  form  of  purifier,  which  has  beea  found  to  answer  well  in  practice* 
the  cover  of  the  vessel  a  b,  the  wide  cylinder  €  d  is  inserted,  having  its  lower 
ed  with  numerous  holes.  Concentric  with  that  cylinder  is  the  narrower  one  «  2, 
wve  with  the  flange  a  b,  but  open  at  top  and  bottom.  The  under  edge  g  A  of 
der  descends  a  few  inches  below  the  end  c  d  of  the  outer  one.  About  the  middle 
ssel  the  perforated  shelf  m  «  is  placed.  The  shaA  of  the  agitator  /,  passes 
I  stuffing  box  upon  the  top  of  the  vessel.  The  gas-pipe  g,  proceeding  from  the 
r,  enters  through  the  flange  a  6  in  the  outer  cylinder,  while  the  gas-pipe  h  goes 
cover  to  the  gasometer.  A  stopcock  upon  the  side,  whose  orifice  of  discharge  is 
t  higher  than  the  under  edge  ot  the  outer  cylinder,  serves  to  draw  off  the  milk 
As  the  gas  enters  through  the  pipe  g  into  the  space  between  the  two  cylinders, 
es  the  liquor  till  it  arrives  at  the  holes  in  the  under  edge  of  the  outer  cylinder, 
irkich,  as  well  as  under  the  edge,  it  flows,  and  then  pasJbs  up  through  the  aper- 
the  shelf  m  n  into  the  milk  of  lime  chamber ;  the  level  of  which  is  shown  by 
i  line.  The  stirrer,  /,  should  be  turned  by  wheel  work,  though  it  is  here  shown 
motion  by  a  winch  handle. 

*T  to  judge  of  the  decree  of  purity  of  the  gas  aAei  its  transmission  through  the 
hine,  a  slender  syphon  tube  provided  with  a  stopcock  may  have  the  one  end 
in  its  cover,  and  the  other  dipped  into  a  vessel  containing  a  solution  of  acetate 

Whenever  the  solution  has  been  rendered  turbid  by  the  precipitation  of  sulphu- 
td,  it  should  be  renewed.  The  saturated  and  fetid  milk  of  lime  is  evaporated 
X  cast-iron  troughs  placed  in  the  ash-pit  of  the  furnaces,  and  the  dried  lime 

employed  for  luting  the  apparatus,  and  partly  disposed  of  for  a  mortar  or 

I  purifier,  and  others  of  similar  construction,  the  gas  in  the  preceding  parts  of 
ratus,  as  in  the  retorts  and  the  condenser,  suffers  a  pressure  equal  to  a  column 
about  two  feet  high ;  and  in  the  last  described  purifier  even  a  greater  pressure. 
Bsure  is  not  disadvantageous,  but  is  of  use  in  two  respects;  1.  it  shows  by  a 
of  gas  when  the  apparatus  is  not  air-tight,  and  it  prevents  common  air  from 
into  the  retorts ;  2.  this  compression  of  the  gas  favors  the  condensation  of  the 
mmoniacal  liquor.  The  eflfect  of  such  a  degree  of  pressure  in  expanding  the 
the  ii^nited  retorts  is  quite  inconsiderable,  and  may  be  neglected.  Two  cootri- 
ive,  however,  been  proposed  for  taking  off  this  pressure  in  the  purifier. 
486,  m  m  are  two  similar  vessels  of  a  round  or  rectangular  form,  furnished  at 
[ler  border  with  a  groove  filled  with  water,  into  which  the  under  edge  of  the 
1,  so  as  to  make  the  vessel  air-tight.  The  cover  is  suspended  by  a  cord  or  chain, 
•es  over  a  pulley,  and  may  be  raised  or  lowered  at  pleasure.  The  vessels  them- 
ve  perforated  bottoms,  r  r',  covered  with  wetted  moss  or  hay  sprinkled  over  with 
id  sifted  quicklime.  The  gas  passes  through  the  loosely  compacted  matter  of 
vessel,  by  entering  between  its  two  bottoms,  rises*  into  the  upper  space  thence 
ids  to  the  second  vessel,  and,  lastly,  through  the  pipe  «,  into  the  gasometer. 

This  method,  however,  requires 
twice  as  much  lime  as  the  former, 
without  increasing  the  purity  of 
the  gas. 

The  seeond  method  consists  in 
compressing  the  gas  by  the  ae- 
tk>n  of  an  Archimedes  screw,  to 
such  a  degree,  before  it  is  admit- 
ted into  the  purifier,  as  that  it 
may  overcome  the  pressure  of 
the  column  of  water  in  that 
vessel.  Fig,  487  exhibits  this 
apparatus  in  section,  d  d  is  the 
Archimedes  worm,  the  axis  of 
which  revolves  at  bottom  upon 
the  gudgeon  e;  it  possesses  a 
three-fold  spiral,  and  is  turned 
in  the  opposite  direction  to  that 
in  which  it  scoops  the  water. 
The  cistern  whieh  contains  it  has 
an  air-tight  cover.  The  gas  to 
be  purified  passes  through  the 
pipe  c  into  the  space  d,  over  the 
upper  cells  of  tiie  worm  scoop  in  the  gas  at  this  point,  ud 
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earry  it  downwards,  where  it  enters  at  g  into  the  caTity  e  of  a  second  eistem.  In  order 
thai  the  gas,  aAer  it  escapes  from  the  bottom  of  the  worm,  may  not  partially  retui 
through  g  into  the  cavity  d,  an  annular  plate  g  A  is  attached  to  iis  under  edfre,  so  u  » 
turn  over  it.  The  compressed  gas  is  conducted  from  the  cavity  K  through  the  pipe  6 
into  the  purifying  machine ;  a  is  a  manometer,  to  indicate  the  elastic  tension  of  the  gai 
in  D.  On  the  top  of  the  worm  a  mechanism  is  fitted  for  keeping  it  in  oo&iUit 
rotation. 

A  perfect  purification  of  li?ht-gas  from  sulphureted  hydrogen,  either  by  milk  of  line 
or  a  solution  of  the  green  sulphate  of  iron,  is  attended  with  some  difficulty,  when  carried 
so  far  as  to  cause  no  precipitation  of  sulphuret  in  acetate  of  lead,  because  such  a  dejrree 
of  washing  is  required  as  is  api  to  diminish  its  illuminating  power,  by  abstractinsr  ibe 
vapor  of  the  rich  oily  hydrocarburet  which  it  contains.  Moreover,  the  coal  gas  obuiDcd 
towards  the  end  of  the  distillation  contains  some  sulphuret  of  carbon,  which  alfords  sil- 
phurous  acid  on  beini;  burned,  and  can  be  removed  by  no  easy  method  hitherto  knovi. 
The  lime  in  the  purifier  disensrages  from  the  carbonate  and  hydro-sulphuret  of  amiDoui 
carried  over  with  the  gas,  especially  when  it  has  been  imperfectly  cool^  in  theeondeoKC, 
a  portion  of  ammoniacal  gas,  which,  however,  is  not  injurious  to  its  illuminatinc  pover. 
The  best  agent  for  purifying  gas  would  be  the  pyrolignite  of  lead,  were  it  not  rather  ex- 
pensive, because  it  would  save  the  trouble  of  stirring,  and  require  a  smaller  mod  simpler 
apparatus. 

The  Gasometer. — The  gasometer  serves  not  merely  as  a  magazine  for  receiviag  tie 
gas  when  it  is  purified,  and  keeping  it  in  store  for  use,  but  also  for  commonicatinf  to 
the  ?as  in  the  act  of  burnine  such  a  uniform  pressure  as  mtiy  secure  a  steady  oaiid- 
trinz  flame.  It  consists  of  two  essential  parts;  ].  of  an  under  cistern,  open  at  top  tad 
filled  with  water;  and  2.  of  the  upp^r  floating  cylinder  or  chest,  which  is  a  simiitf 
cistern  inverted,  and  of  somewhat  smaller  dimensions,  called  the  gas-holder;  seer, 
Jig.  482.  The  best  form  of  this  vessel  is  the  round  or  cylindrical;  both  because nnder 
equal  capacity  it  requires  least  surface  of  metal,  and  it  is  least  liable  to  be  warped  bf  its 
own  weiaht  or  accidents.  Since  a  cylindrical  body  has  the  greatest  capacity  wiih  t 
given  surface  when  its  height  is  equal  to  its  semi-diameter,  its  din>ensions  ought  to  be 
such  that  when  elevated  to  the  highest  point  in  the  water,  the  height  may  be  eqoal  to 
the  radius  of  the  base.  For  example,  let  the  capacity  of  the  gas-holder  in  cahk 
feet  be  k,  the  semi-diameter  of  its  base  be  x,  the  height  out  of  the  water  be  k; 

h  is  =x  =        ^  .  This  height  may  be  increased  by  one  or  two  feet,  according  to  its 
314* 

ma2:nitnde,  to  prevent  the  chance  of  any  gas  escaping  beneath  its  under  edge,  when  lib 
raisf'il  to  its  hi£»hest  elevation  in  the  water. 

The  size  of  the  ffasnmeler  should  be  proportional  to  the  quantity  of  gas  to  be  coo- 
snmt-d  in  a  certain  time.  If  120,000  cubic  feet  be  required,  for  instance,  in  10  ho'ii 
for  street  illumination,  and  if  the  gas  retorts  be  charged  four  times  in  24  hours,  30.000 
feet  of  iras  will  be  generated  *in  6  hours.  Hence  the  easometer  should  have  a  ca  -tcitT 
of  at  least  70,000  cubic  feel,  supposing  the  remaining  50,000  cubic  feet  to  be  pro.loc^d 
during  the  period  of  consumption.  If  the  gasometer  has  a  smaller  capacity,  it  mu^l 
supi)liod  from  a  greater  number  of  retorts  during  the  lighting  period,  which  i*  0^*^ 
advantageous,  as  the  first  heating  of  the  supernumerary  retorts  is  wasteful  of  M. 
Some  engineers  consider  that  a  capacity  of  30,000  cubic  feet  is  the  largest  which  eta 
with  propriety  be  given  to  a  gasometer;  in  which  case  they  make  its  diameter  42  iH 
and  its  height  23.  When  the  dimensions  are  greater,  the  sheet  iron  must  be  thicker 
and  more  expensive ;  and  the  hollow  cylinder  must  be  fortified  by  strong  internal  cri*s 
braces. 

The  water  cistern  is  usually  constructed  in  this  country  with  cast-iron  plates  bolleJ  to- 
gether, and  made  tight  with  rust-cement. 

In  cnsrs  where  the  weight  of  water  required  to  fill  such  a  cistern  might  be  inconreniMt 
to  sustain,  it  may  be  made  in  the  form  represented  in  y!g.  488;  which,  however,  will  co<t 
neaily  twice  as  much.  Parallel  with  the  side  of  the  cistern,  a  second  cylinder  c,  of  the 
same  shape,  but  somewhat  smaller,  is  fixed  in  an  inverted  position  to  the  bottom  of  the 
first,  so  as  to  leave  an  annular  space  b  b  between  them,  which  is  filled  with  water,  and 
in  which  the  floating  gasometer  a  plays  up  and  down.  The  water  must  stand  above  the 
cover  of  the  inverted  cylinder,  a  and  b  are  the  pipes  for  leading  the  ?as  in  and  out. 
Thrfiniih  an  opening  in  the  masonry  upon  which  the  gasometer  apparatus  rests, the 
spacf*  c  may  be  entere<l,  in  order  to  make  any  requisite  repairs. 

Thn  water  cistern  may  also  be  sunk  in  the  ground,  and  the  sides  made  tichl  wi^ 
hydniilic  mortar,  as  is  shown  in  Jig.  488,  and  to  make  it  answer  with  less  water,  a  wa- 
centric  cylindrical  mass  of  masonry  may  be  built  at  a  distance  of  2  or  3  inches  withio  it< 

Kveiy  large  gasometer  must  be  strengthened  interiorly  with  cross  iron  rods,  to  siitf** 
both  iu  iop  and  bottom.   The  top  is  supported  by  rods  Btretehing  obdiquely  dowa  t* 
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*  the  tides,  and  to  the  under  edi^e  an  iron  ring  is  attached,  consisting  of  cnnred  cast  iroa 
^  Wrs  bolted  together  $  with  which  the  oblique  rods  arc  connected  by  perpendicular  ones. 
^  489  488 


Other  veiticai  rods  stretch  directly  from  the  top  to  the  bottom  edge.  Upon  the  periphery 
of  the  top,  at  the  end  of  the  rods,  several  rings  are  made  fast,  to  which  the  gas-holder 
is  suspended,  by  means  of  a  common  chain  which  runs  over  a  pulley  at  the  centre. 
Upon  the  other  end  of  the  chain  there  is  a  counterpoise,  which  takes  off  the  greater  part 
of  the  weiehl  of  the  gas-holder,  leaving  only  so  much  as  is  requisite  for  the  expulsion  of 
the  gas.  The  inner  and  outer  surfaces  of  the  gas-holder  should  be  a  few  times  rubbed 
OTer  with  hot  tar,  at  a  few  days'  interval  between  each  application.  The  pulley  must  be 
made  fast  to  a  strong  frame. 

If  the  water  cistern  be  formed  with  masonry,  the  suspension  of  the  gas-holder  may  be 
made  in  the  following  way.  a  a,  fig.  489,  is  a  hollow  cylinder  of  cast  iron,  standing  up 
through  the  middle  of  the  gasometer,  and  which  is  provided  at  either  end  with  another 
mail  hollow  cylinder  g,  open  at  both  ends  and  passing  through  the  top,  with  its  axil 
placed  in  the  axis  of  the  gas-holder.  In  the  hollow  cylinder  g,  the  counterweight  moves 
up  and  down,  with  its  chain  passing  over  the  three  pulleys  b,  b,  b,  as  shown  in  fig,  489. 
X  F  are  the  gas  pipes  made  fast  to  a  vertical  iron  rod.  Should  the  gasometer  be  made  to 
work  without  a  counterweight,  as  we  shall  presently  see,  the  central  cylinder  a  a,  serves 
as  a  vertical  guide. 

In  proportion  as  the  gas-holder  sinks  in  the  water  of  the  cistern,  it  loses  so  much  of 
its  weight,  as  is  equal  to  the  weight  of  the  water  displaced  by  the  sides  of  the  sinking 
Tessei;  so  that  the  gas-holder  when  entirely  immersed,  exercises  the  least  pressure  upon 
the  gas,  and  when  entirely  out  of  the  water,  it  exercises  the  greatest  pressure.  In  order 
to  counteract  this  inequality  of  pressure,  which  would  occasion  an  unequal  velocity  in 
the  efflux  of  the  gas,  and  of  course  an  unequal  intensity  of  light  in  its  flame,  the  weight  of 
the  chain  upon  which  the  gas-holder  hangs  is  so  adjusted  as  to  be  equal,  throughout  the 
length  of  its  motion,  to  one  half  of  the  weight  which  the  gas  holder  loses  by  immersion. 
Ib  this  case,  the  weight  which  it  loses  by  sinking  into  the  water,  is  replaced  by  the  por- 
tion of  the  chain  which,  passing  the  pulley,  and  hanging  over,  balances  so  much  of  the 
ehain  upon  the  side  of  the  counterweight ;  and  the  weight  which  it  gains  by  rising  out 
of  the  water,  is  counterpoised  by  the  links  of  the  chain  which,  passing  over  the  pulley, 
add  to  the  amount  of  the  counterweight.  The  pressure  which  the  gas-holder  exercises 
upon  the  gas,  or  that  with  which  it  forces  it  through  \he  first  main  pipe,  is  usually  so  reg- 
ulated as  to  sustain  a  column  of  from  one  to  two  inches  of  water;  so  that  the  water  wUl 
Stand  in  the  cistern  from  one  to  two  inches  hieher  within,  than  without  the  gas-holder. 
The  following  computation  will  place  these  particulars  in  a  clear  lieht. 

Let  the  semi-diameter  of  the  gas-holder,  equal  to  the  vertical  extent  of  its  motion  into 
and  out  of  the  water,  =x\  let  the  weight  of  a  foot  square  of  the  side  of  the  gas-holder, 
including  that  of  the  strengthening  bars  and  ring,  which  remain  plunged  under  the  water, 
be  =  p ;  then 
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1.  ihe  weight  of  the  gas-holder  in  its  highest  poeilioii  =  3    v  2t; 

2.  the  weight  of  the  sides  of  the  gas-holder  which  play  in  the  water  =  2  f  «  H; 

3.  the  cubic  contents  of  the  immersed  portion  of  the  ga»-holdar  =  £^_L?» 

112  400 

4.  ils  loss  of  weight  in  water  =  — 

5.  the  weight  of  the  gas-holder  in  its  lowest  position  = 

66 

6.  the  weight  of  n  inches,  height  of  water  =  j2  «  »  «•  i 

7.  the  amount  of  the  counterweight  =  »  x«)  3  p —       J  J 

112  ' 

8.  the  weight  of  the  chain  for  the  length  a:  =  ~ 

800  p  ir  r. 


If  we  reduce  the  weight  of  the  gas-holder  in  its  highest  and  lowest  potitionf  to  tke 
height  of  a  stratum  of  water  equal  to  the  surface  of  its  top,  this  height  is  that  of  tke 
column  of  water  which  would  press  the  gas  within  the  gasometer^  were  no  eounterraglit 
employed ;  it  consists  as  follows : — 
3  V 

9.  for  the  highest  position  =  — ^  ; 

56 

10.  for  the  lowest  J^21? ; 

50 

For  the  case,  when  the  height  of  the  gas-holder  is  different  from  its  semi^iameteri 
let  this  height  =  m  x ;  then  the  height  of  the  water  level  is— 

/  14-2  m  \ 

11.  for  the  highest  posiUon  =  p  ( — —  I ; 

12.  for  the  lowest  —  v{^^^—^—)  » 


13.  the  counterweight  =  irxa/|)(l +2m)--^\  ; 

»  12  / 


112 

14.  the  weight  of  the  equalizing  chain  =       p  n  m  xH. 

For  example,  let  the  diameter  of  the  gas-holder  be  30  feet,  the  height  15  (the  contents 
in  cubic  feet  will  be  10,597),;/  =  4  pounds;  then  the  counterweight  for  a  height  of  an 
inch  and  a  half  of  water  pressure  =  3532  pounds ;  the  weight  of  the  chain  for  a  length  of 
15  feet  =  395  pounds.  Were  no  counterweight  employed,  so  that  the  gas-holder  pressed 
with  its  whole  weii?ht  upon  the  gas,  then  the  height  of  the  equivalent  column  of  water 
in  its  highest  position  =  2-56  inches;  and  in  its  lowest,  2*33.  The  counterweight  may 
hence  be  lessened  at  pleasure,  if  the  height  of  the  pressing  water-colnmn  »  be  increased. 
The  weight  of  the  equalizing  or  compensating  portion  of  the  chain  remains  the  same. 
When  n  =  2  inches,  for  instance,  the  counterweight  =  1886  pounds. 

The  velocity  with  which  the  gas  passes  along  the  mains  for  supplying  the  various  jets 
of  light,  may  be  further  regulated  by  opening  the  main-cock  or  slide-valve  in  a  greater 
or  less  degree.  Gasometers  whose  height  is  greater  than  their  semi-diameter,  are  notoaly 
mm  costly  in  the  construction,  but  require  heavier  counterweights  and  equilibration  chains. 

The  above  estimate  is  made  on  the  supposition  of  the  gas  in  the  ga»*holder  being  of  the 
same  specific  gravity  as  the  atmospherical  air,  which  would  be  nearly  true  with  regard  to 
oil  gas  under  the  ordinary  pressure.  But  coal  gas,  whose  specific  gravity  may  be  taken 
on  an  average  at  about  0*5,  exercises  a  buoyancy  upon  the  top  of  the  gas-holder,  which 
of  course  diminishes  its  absolute  weight.  Supposing  the  cubic  foot  of  gas  to  be  r=  0'0364 
pounds,  the  buoyancy  will  be  =  0*0364  ir  x3  pounds ;  a  quantity  which  deserves  to  be 
taken  into  account  for  large  gasometers.  Hence, 

15.  the  weight  of  the  gas-holder  in  its  highest  position  =  3  p  r  xs — 0*1143  xs; 

16.  the  counterweight  =  »  «  ^3  j>—  ^j— 0*1143  xs ; 

112  0*1143x3 

17»  the  weight  of  the  chain  for  the  length  x=  —  p  n  xs  — 

18.  The  height  of  the  water  prestore  for  the  highest  podtioB.  witlumt  the 

3pir— 01I48X 

^  2*72  9 

19.  the  fame  for  the  lowest  position  =         m  ftet 


gas-light. 


m 


ing  Talaes  oCp  and  x  are, 

7;  (17)  =^  203 ;  (18)  =  2*44  inches;  (19)  =r  2-33  inches. 

columns  in  the  highest  and  lowest  situations  of  the  gas-holder  here  difo 

in  inch,  and  this  difference  becomes  stiU  less  when  p  has  a  smaller  Talne, 

I  pounds,  or  when  the  diameter  of  the  gas-holder  is  still  greater. 

as  appear  that  for  coal-gas  gasometers,  in  which  the  height  of  the  gas-holder 

Ml  its  semi-diameter,  and  especially  when  it  has  a  considerable  size,  neither 

•n  chain  nor  a  counterweight  is  necessary.   The  only  thing  requisite,  is  to 

vertical  motion  of  the  gas-holder  by  a  sufficient  number  of  guide  rods  or 

either  within  the  water  cistern,  or  round  about  it.  Should  the  pressure 
iie  pipe  proceeding  from  the  gasometer,  be  less  than  in  the  gasometer  itself, 
>guiated  by  the  main  valve,  or  by  water  valves  of  various  kinds.  Or  a  small 
egulating  gasometer  may  be  introduced  between  the  great  gas-holder,  and 
of  distribution.   With  a  diameter  of  61  feet  in  the  gas-holder,  the  pressure 

and  lowest  positions  is  the  same. 

eters  employed  in  storing  up  gas  until  required  for  use,  occupy,  upon  the 
:h  space,  and  are  attended  with  considerable  expense  in  erecting.  The 
hether  sunk  in  the  ground  or  raised,  must  be  of  equal  dimensions  with 
r,  both  in  breadth  and  depth.  The  improved  construction  which  we  are 
ibe,  affords  a  means  of  reducing  the  depth  of  the  tank,  dispensing  with  the 
ension,  and  of  increasing  at  pleasure  the  capacity  of  the  gasometer,  upon  a 
thus  rendering  a  small  apparatus  capable,  if  required,  of  holding  a  large 
IS,  the  first  cost  of  which  will  be  considerably  less  than  even  a  small  gaa- 
ucted  upon  the  ordinary  plan. 

of  Mile-End  Road,  the  inventor,  has,  we  believe,  been  for  some  yean 
h  gas  establishments,  and  is  therefore  fully  aware  of  the  practical  defects 
~  or  advantages  of  the  different  constructions  of 

gasometers  now  in  use.  Fig.  490  is  a  section 
of  Mr.  Tait's  improved  contrivance ;  a  a  is  the 
tank,  occupied  with  water,  b  b  two  iron  col- 
umns, with  pulley-wheels  on  the  top,  c  e, 
chains  attached  to  a  ring  of  iron,  d  d,  extend- 
ing round  the  gasometer,  which  chains  pass 
over  the  pulley-wheels,  and  are  loaded  at  their 
extremities,  for  the  purpose  of  balancing  the 
weight  of  the  materials  of  which  the  gasometer 
is  composed. 

The  gasometer  is  formed  by  2  or  3  cylinders, 
sliding  one  within  the  other,  like  the  tubes 
of  a  telescope ;  €,«,€,  is  the  first  or  outer  cyl- 
inder, closed  at  the  top,  and  having  the  ring 
of  iron  <£,  passing  round  it,  by  which  the  whole 
is  suspended ;//» is  the  second  cylinder,  sliding 
freely  within  the  first,  and  there  may  be  a  third 
. .  -  and  fourth  within  these  if  necessary. 

•  is  no  gas  in  the  apparatus,  all  the  cylinders  are  slidden  down,  and  remain 
»  other  immersed  in  the  tank  of  water ;  but  when  the  gas  rises  through  the 
;  against  the  top  of  the  gasometer,  its  buoyancy  causes  the  cylinder  <  to  aa- 
1  the  lower  edge  of  this  cylinder  a  groove  is  formed  by  the  turning  in  of  the 
and  as  it  rises,  the  edge  takes  hold  of  the  top  rim  of  the  cylinder/,  which  if 
'  that  purpose.  The  groove  at  the  bottom  of  the  cylinder  fills  itself  with 
cends,  and  by  the  rim  of  the  second  cylinder  falling  into  it,  an  air-tight  hy* 
B  produced. 

al  cylinders  may  be  adapted  to  act  in  a  small  tank  of  water,  by  sliding  one 
ler,  with  lapped  edges  forming  hydraulic  joints,  and  by  supporting  the  ap- 
:  way  shown,  the  centre  of  gravity  will  always  be  below  the  points  of  sua- 
^asometer  may  be  made  upon  this  plan  of  any  diameter,  as  there  will  be  no 
-work,  or  a  bridge  to  support  it ;  and  the  increasing  weight  of  the  appara- 
inders  are  raised  one  after  the  other,  may  be  counterpoised  by  loading  the 
ains  c  c. 

in  the  gasometer  need  not  be  renewed ;  but  merely  so  much  of  it  as 
leaks  out,  is  to  be  replaced.  Indeed,  the  surface  of  the  water  in  the  cistern 
vith  a  stratum  of  coal  oil,  a  few  inches  deep,  which  prevents  its  evaporation, 
:  gas  to  be  saturated  with  this  volatile  substance,  so  as  to  increase  its  illii- 
;rs. 

eter  may  be  separated  from  the  purifier  by  an  intermediate  vessel,  rash 
ited  fig.  491,  with  which  the  two  gas  pipes  are  connected.  A  ii  tbe 
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cylindrical  tcmcI  of  cast  iron  a,  the  end  of  the  gas  ]npe  tHiich  eomei  (Wmb  tin 

immersed  a  few  inches  deep  into  the  liquid  with 
which  the  Tcssel  is  ahont  two  thirds  illed;  h  a 
the  gas-pipe  which  leads  into  the  gasoaieler; 
c  is  a  perpendicular  'tohe,  placed  oTer  the  boltoa 
of  the  vessel,  and  reaching  to  within  one  third  of 
the  top,  through  which  the  liquid  is  iatrodied 
491  into  the  Tcssel,  and  through  which  it  escapes  whei 
it  overflows  the  level  d.  In  this  tuhe  the  Uqsid 
stands  towards  the  inner  level  higher,  in  propor- 
tion to  the  pressure  of  the  ns  in  the  gasoneter. 
The  fluid  which  is  condensea  in  the  gas-inpe  h,  mi 
in  its  prolongation  from  the  gasometer,  nui  of 
into  the  vessel  a  ;  and  therefore  the  latter  mast  k 
laid  so  low  that  the  said  tube  may  have  the  reqainte 
declivity.  A  straight  stopcock  may  also  be  atliekd 
to  the  side  over  the  bottom,  to  draw  off  any  sediocsL 

n.  AppucATioif  or  LroBT-Ois. 
1.  DUiribution  of  the  pipes. — The  pressure  by  which  the  motion  of  the  gas  is  Mil- 
tained  in  the  pipes,  corresponds  to  a  certain  height  of  water  in  the  dstem  of  the  gsio» 
eter.  From  the  magnitude  of  this  pressure,  and  the  quantity  of  gas  which  in  a  gives 
time,  as  an  hour,  must  be  tillnsmitted  thipigh  a  certain  length  of  pipes,  depends  tke 
width  or  the  diameter  that  they  Aould  have,  iniorder  that  the  motion  may  not  be  retarded 
by  the  friction  which  the  gas,  like  all  other  fluids,  experiences  in  tubes,  and  therebj  the 
*  gas  might  be  prevented  from  issoin^jwith  the  velocity  fbquired  for  Uie  jets  of  flsse. 
The  velocity  of  the  gas  in  the  main  pipe  increases  in  the  ratio  of  the  square  root  of  the 
pressing  column  of  water  upon  the  gasometer,  and  therefore  by  increasing  this  prasare, 
the  gas  may  be  forced  more  rapidly  along  the  remoter  and  smaller  ramifications  of  the 
pipes.  Thus  it  happens,  however,  that  the  gas  will  be  discharged  from  the  orifices  setr 
the  gasometer,  with  superfluous  velocity.  It  is  therefore  advisable  to  lay  the  pipes  is 
such  a  manner,  that  in  every  point  of  their  length  the  ^^elocity  of  discharge  may  be  aesrly 
equal.   This  may  be  nearly  eflfected  as  follows 

From  experiment  it  appears  that  the  magnitude  of  the  friction,  or  the  resistance  which 
the  air  suflcrs  in  moving  along  the  pipes,  under  a  like  primary  pressure,  that  is,  foreqval 
initial  velocity,  varies  with  the  square  root  of  the  length.  The  volume  of  gas  discharged 
from  the  end  of  a  pipe  is  directly  proportional  to  the  square  of  its  diameter,  and  in- 
versely as  the  square  root  of  its  length  ;  or,  calling  the  length  l,  the  diameter  d,  the  enbie 

Da 


feet  of  gas  discharged  in  an  hour  k ;  then  k  =  ' 


VL 


Experience  likewise  shows,  thit 


for  a  pipe  250  feet  long,  which  transmits  in  an  hour  200  cubic  feet  of  gas,  one  inch  ii 
a  suflicient  diameter.  % 

1  D«  

Consequently,  200  :  k  ::  :         ;  and  D=  v  k  xr-f 

144  V  260     V'L  ^ 

455,000 

From  this  formula  the  foUowing  table  of  proportions  is  calculated. 


Number  of  cubic  feet  per  hour. 

Length  of  pipe,  in  feet. 

Diaaeter,  in  incltte. 

50 

100 

0-40 

250 

200 

1-00 

600 

600 

1-97 

700 

1000 

2-65 

1000 

1000 

3*16 

1500 

1000 

3-87 

2000 

1000 

4-47 

2000 

.  2000 

5*32 

2000 

4000 

6*33 

2000 

6000 

7-00 

6000 

1000 

7-75 

6000 

2000 

9-21 

8000 

1000 

8-95 

8000 

2000 

16*65 

These  dimensions  are  applicable  to  the  case  where  the  body  of  gas  ti  tnuumitted  thioi|k 
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pipct  wichoat  being  let  off  in  iti  wmj  by  barnen,  that  is,  to  the  mmint  which  eondnet  the 
gu  to  the  places  where  it  is  to  be  used.  If  the  main  sends  off  branches  for  bomei^ 
thea  for  the  same  length  the  diameter  may  be  reduced,  or  for  like  diameter  the  lengtk 
may  be  greater.  For  example,  if  a  pipe  of  5-32  inches,  which  transmits  2000  cubis  feet 
tbnnigh  a  length  of  2000  feet,  gives  off,  in  this  space,  1000  enbic  feet  of  gas ;  then  the 
RuiAinder  of  the  pipe,  having  the  same  diameter,  can  continue  to  transmit  the  gas  throng 


a  length  of  2450  feet  =  (     '     )«  with  nndiminished  presiare  for  the  purposes  of  lift- 


ing. Inversely,  the  diameter  should  be  progressively  reduced  in  proportion  to  the  niimber 
of  jets  sent  off  in  the  length  of  the  pipe. 

Si^ipoie,  for  instance,  the  gasometer  to  discharge  2000  cubic  feet  per  hour,  and  the  last 
point  of  the  jets  to  be  at  a  distance  of  4000  feet.  Suppose  also  that  from  the  gasometer 
to  the  first  point  of  lighting,  the  gas  proceeds  through  1000  feet  of  dose  pipe^  the 
diameter  of  the  pipe  will  be  here  4*47  inches;  in  the  second  1000  feet  of  lengthy  sup- 
pose the  pipe  to  give  off,  at  equal  distances,  1000  cubic  feet  of  gas,  the  diameter  m 
this  length  (calculated  at  1500  cubic  feet  for  1000  feet  long)  =  3*87  inches;  in  the 
third  extent  of  1000  feet,  600  cubic  feet  of  gas  will  be  given  off,  and  the  diameter 
{reckoning  700  cubic  feet  for  1000  feet  long)  will  be  2*65  inches ;  in  the  fourth  and 
laat  space  (for  200  cubic  feet  in  1000  feet  long)  the  pipe  has  a  diameter  of  only  an 
inch  and  a  half,  for  which,  in  practice,  a  two-inch  cast  iron  pipe  is  substituted ;  this 
being  the  smallest  used  in  mains,  into  which  branch  pipes  can  be  conveniently  in- 
serted. 

The  same  relations  hold  with  regard  to  Ivanch  pipes  through  which  the  gas  is  trans- 
mitted into  buildings  and  other  places  t»  be  illuminated.  If  such  pipes  make  frequent 
anirular  turnings,  whereby  they  retard  the  motion  of  the  gas,  they  most  be  a  third  or  a 
half  larger  in  diameter.  The  smallest  tubes  of  distribution  are  never  less  than  ont 
fourth  of  an  inch  in  the  bore. 

Where,  from  one  central  gas  work,  a  very  great  quantity  of  light  is  required  in  partie- 
nlar  localities,  there  ought  to  be  placed  near  theseapots  gasometers  of  distribution,  which, 
being  filled  during  the  slack  hours  of  the  day,  are  ready  to  supply  the  burners  at  night, 
without  making  any  considerable  demand  upon  the  original  main  pipe.  Suppose  the  first 
main  be  required  to  supply  8000  cubic  feet  in  the  hour,  for  an  illumination  of  8  hours,  at 
the  distance  of  2000  feet,  a  pipe  lOf  inches  in  diameter  would  be  necessary ;  but  if  two 
or  three  mometers  of  distribution,  or  station  gasometers,  be  had  recourse  to,  into  which 
the  gas  during  the  course  of  24  hours  would  flow  through  the  same  distance  continuoosly 
from  the  central  gas  works,  the  quantity  required  per  hour  from  them  would  be  only  one 
third  of  8,000  =  2666-6  cubic  feet;  consequently  the  diameter  for  such  a  pipe  is  only  6*15 
inches. 

All  the  principal  as  well  as  branch  pipes,  whose  interior  diameter  exceeds  an  inch  and 
a  half;  are  made  of  cast  iron  from  6  to  8  feet  long,  with  elbow  pipes  cast  in  them  where 
it  is  necessary.  These  pipe  lengths  are  shown  in  fig,  492,  having  at  one  end  a  wide 
socket  a,  and  at  the  other  a  nozzle  6,  which  fits  the  former.  AAer  inserting  the  one  in 
the  other  in  their  proper  horizontal  position,  a  coil  of  hemp  soaked  with  tar  is  driven 
home  at  the  junction  ;  then  a  luting  of  clay  is  applied  at  the  mouth,  within  which  a  ring 
of  lead  is  cast  into  the  socket,  whidi  is  driven  tight  home  with  a  mallet  and  hlont  chiaeL 


The  pipes  should  be  proved  by  a  force  pump  before  being  received  into  the  gas  works; 
two  or  three  lengths  of  them  should  be  joined  before  laying  them  down,  and  they  should 
be  placed  at  least  two  feet  below  the  surface,  to  prevent  their  being  affected  by  changes 
iif  temperature,  which  would  loosen  the  joints.  The  tubes  for  internal  distributioD^  w£ui 
•f  smaU  size,  are  made  of  lead,  copper,  wrought  iron^  or  tin. 
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•A  €r«  ilopeock  ftr  kttiBg  cff  |w  It  rqiiklal 
IT,  a  i^eenlbrijr  ftrmed  waler  or  Bcreorwl  mhre  It 


OB  Tend,  IB  the  OMiife  nf  vfcw  ■ 
V  ttid  m  the  oihcr,  OM  wilh  dMBriiii 


1%.  « 

ilMi  tlM  mode  of  eoMtneCioa  ibr  a  WBler  trap 
oneter  in  minktare.  c  p  «  r  ft  a  iqiiare  ctit  iroa  ^ 
A  It  pheed  in  eoaunmiettioii  with  the  gttonetery  ai 

The  BMifceble  ooifcr  orlidBoishata  putitk»9 1,    In  in  nidilleu    IT  lUt  eoftr  li 
nindbjrilBeQmterweiffht^thegMCtnpMtwilhoatian^  batifte 
eonterweif  ht  be  dtaiiiiithed  lo  as  to  lei  the  portUioa  plaie  l  m  tiak  iato  the  ^ 
mnmaieatioB  of  the  two  plpet  it  thcfehj  laterraptcd.    la  thit  ette  ibe  ^ 
ttaadt  ia  the  eompartoieat  ▲  to  much  lower  thta  oattide  of  il»  aad  ia  ike  4 
%  at  It  eqmakat  to  the  prcttare  ia  the  gitOBieter  i  thertftre  the  pipca  A  t 

a'eet  that  fhr  above  the  water.  Ia  order  to  keep  the  water  alwayt  at  the  ai 
to  prereat  It  from  flowiag  Iato  the  moalht  of  thete  pipety  the  rim  c  d  of  theavlw 
tettel  ttaadt  tomewhat  knrer  thaa  the  oriiect  A  a  i  aad  theaet  tha  fcatd  m^btlH|l 
ahnqrt  fUl  of  water. 
If  a  qaldoihrer  Tahre  be  pnlbrredy  it 


ABi 


dlTlded 
iaterral 


at  thowaia  Jig.  4M. 
the  tonyaatioM  of  the  two 
whkh  are  awde  ihtt  la  the 
iroa  Tcttel  tu  xltaalm^ 
tuae  Ana,  whidi  It  filed  with  < 
ap  to  the  kfd  a,  aad  whki^  by  1 
the  terew  e,  whieh  pre« 
bottom,  aad  wwfct  la  the  find  fieanle  tenv 
c^tp^mty  be  morrf  a|^ 

the  qaiektilver.  The  Tettd  m  it  Ibiaidwi 
wlt|iaverticelpaititioaM|  thcitiwurf 
the  gat  ftom  a  to  a  It  therefbre  ohttiaelti 
whea  thIt  pertitioa  dipt  Iato  the  qmck- 
tttrer,  aad  from  the  gnuhml  drpifite  if 
the  Ttttd  a  bf  itt  terew,  the  fatetre]  be* 
twcea  the  qaidiihrer  aad  the  lower  elfi 
of  the  partitloa,  throag h  which  the  |« 
matt  eater,  amy  beealarfed  at  p^Btt^p^ 
whereby  the  premnre  of  the  gas  la  a  imj 
be  regulated  to  any  degree.  The  trtm- 
Terte  section  of  that  intenral  it  cqnal  to 
the  area  of  the  pipe  or  rather  greater;  tke 
breadth  of  the  vessel  u  from  a  to  b 
amounts  to  the  double  of  that  space^  aad 
its  length  to  the  mere  diameter  of  a  or  s. 
The  greatest  height  to  which  the  paititioa 
m  can  rise  out  of  the  quicksilver,  is  abo 
equal  to  the  above  diameter,  and  in  thii 
ease  the  line  a  comes  to  the  place  of  k 
The  vertical  movement  of  the  outer  vettd 
B,  is  secured  by  a  rectangular  rim  or  hoop 
which  surrounds  it,  and  is  oiade  fast  to  the 
upper  part  of  the  vessel  m,  within  whiek 
guide  it  moves  up  and  down.  Instead  of 
the  lever  d  d,  an  index  with  a  gradnsted 
plate  may  be  employed  to  tura  the  scrfv> 
and  to  indicate  exactly  the  magnitude  ii 
the  opening  of  the  valve. 

In  order  to  measure  the  quantity  of  gsi 
which  passes  through  a  pipe  for  lighting  t 
factory,  theatre,  &c,  the  gas-meter  b  en- 
ployed,  of  whose  construction  a  saffidesUy 
precise  idea  may  be  formed  from  the  con- 
sideration of  yig.  495,  which  shows  the  in- 
strument in  a  section  perpendiealar  to  itt 
axis. 

Within  the  cylindrical  cete  a,  there  if 
a  shorter  cylinder  b  shut  at  both  eedii 
and  DioveaMe  round  an  exit,  whiek  is 
into  fbur  compardneatt,  that  eonmiunlcate  by  the  opening  d,*  with  tke 
between  thit  cylinder  and  the  outer  case      The  mode  la  which  tkii 
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cylinder  tuns  rpand  iti  axis  it  ts  follows The  end  of  the  tabe  e»  which  it  made  fast  to 
the  side  of  the  case,  and  hj  which  the  gas  enters,  carries  a  pivot  or  f^dgeon,  upon  which 
the  centre  of  its  prop  turns ;  the  other  end  of  the  axis  mns  in  the  cover,  which  here  forms 
the  side  of  a  superior  open  vessel,  in  which,  upon  the  same  axis,  there  is  a  toothed  wheeL 
The  vessel  is  so  far  filled  with  water,  that  the  tube  c  just  rises  above  it,  which  position 
is  secured  by  the  level  of  the  side  vessel.  When  the  gas  enttts  through  the  tube  e,  hj 
its  pressure  upon  the  partition  e  (Jig.  495),  it  turns  the  cylinder  from  right  to  leA  upon 
iu  axis,  till  the  exterior  opening  d  rises  above  the  water,  and  the  gat  expands  itself  in 
the  exterior  space,  whence  it  passes  off  through  a  tube  at  top.  At  every  revolution,  a 
certain  volume  of  gas  thus  goes  through  the  cylinder,  proportional  lo  its  known  capa- 
city. The  wheel  on  the  axis  works  in  other  toothed  wheels,  whence,  by  means  of  an 
index  upon  a  graduated  disc  or  dial,  placed  at  the  top  or  in  front  of  the  gas-meter, 
the  number  of  cubic  feet  of  gas,  which  pass  through  this  apparatus  in  a  given  time,  is 
registered. 

B.  Employment  of  the  ga$  for  lighting, — The  illuminating  power  of  different  gases 
Imrned  in  the  same  circumstances,  is  proportional,  generally  speaking,  to  their  specific 
gravity,  as  this  is  to  the  quantity  of  carbon  they  hold  in  combination.  The  following 
taUe  exhibits  the  different  qualities  of  gases  in  respect  to  illnmination. 


1 

Density  or  ipeoifie  gnwity. 

Proportion  of  light  affonUd  by  eoni 

Coal  gas. 

gas  to  oil  gas. 

Oil  gas. 

0-659 

0-818  • 

100  :  140 

0-578 

0-910 

100  :  226 

0-605 

1-110 

100  :  260 

0-407 

0-940 

100  :  364 

0-429 

0-966 

100  :  356 

0-508 

M76 

100  :  310 

Mean  0.529 

0-96 

loo  :  272  J 

In  the  last  three  proportions,  the  coal  gas  was  produced  from  coals  of  middle  quality ; 
in  the  first  three  proportions,  from  coals  of  good  quality ;  and  therefore  the  middle  pro- 
portion of  100  to  270  may  be  taken  to  represent  the  fair  average  upon  the  great  scales 
On  comparing  the  gas  from  had  coals,  with  good  oil  gas,  the  proportion  may  become 
100  to  300.  Nay,  coal  gas  of  specific  gravity  0-4,  compared  to  oil  gas  of  1-1,  gives  the 
proportion  of  1  to  4.  A  mould  tallow  candle,  of  6  in  the  pound,  burning  for  an  hour, 
is  equivalent  to  half  a  cubic  foot  of  ordinary  coal  gas,  and  to  four  tenths  of  a  foot  of- 
good  gas.  The  Aame  of  the  best  arsand  lamp  of  Carcel,  in  which  a  steady  supply  of  oil*  , 
is  maintained  by  pump-work,  consuming  42  grammes  =  649  grains  English  in  an  hour, 
and  equal  in  light  to  9*38  such  candles,  is  equivalent  to  3*75  cubic  feet  of  coal  gas  per 
hour.  The  sinumbra  lamp,  which  consumes  50  grammes  =  772  grains  English,  of  oil 
per  hour,  and  gives  the  light  of  8  of  the  above  candles,  is  equivalent  to  the  light  emitted 
by  3-2  cubic  feet  of  coal  gas  burning  for  an  hour.  A  common  argand  lamp,  equal  to  4 
candles,  which  consumes  30  grammes  =  463  grains  English  per  hour,  is  represented  by 
1*6  cubic  feet  of  gas  burning  during  the  same  time.  A  common  lamp,  with  a  flat  wick 
mnd  glass  chimney,  whose  light  is  equal  to  1*13  tallow  candles,  and  which  consumes  11 
grammes  =  169*8  grains  English  per  hour,  is  represented  by  0*452  of  a  cubic  foot  of 
gas  burning  for  the  same  time. 

Contiruction  of  the  Burners. — The  mode  of  burning  the  gas  as  it  issues  from  the  jets 
has  a  great  influence  upon  the  quantity  and  quality  of  its  light.  When  carbureted 
hydrogen  gas  is  transmitted  through  ignited  porcelain  tubes,  it  is  partially  decomposed 
with  a  precipitation  of  some  of  its  carbon,  while  the  resulting  gas  burns  with  a  feebler 
flame.  Coal  gns,  when  kindled  at  a  small  orifice  in  a  tube,  undergoes  a  like  decompo- 
sition and  precipitation,  its  hydrogen,  with  a  little  of  its  carbon,  burns  whenever  it 
comes  into  contact  with  the  atmospherical  air,  with  a  bluish  colored  flame;  but  the 
carlMnaceous  part  not  being  so  accendible,  takes  fire  only  when  mixed  with  more  air ; 
therefore  at  a  greater  distance  from  the  beak,  and  with  a  white  light  from  the  vivki 
ignition  of  its  solid  particles.  Upon  this  principle  pure  hydrogen  gas  may  be  made  to 
iMirn  with  a  white  instead  of  its  usual  blue  flame,  by  dusting  into  it  particles  of  lamp 
black,  or  by  kindling  it  at  the  extremity  of  a  tube  containing  finely  pulverized  zinc. 
The  metallic  particles  become  ignited,  and  impart  their  bright  light  to  the  pale  blue 
flame.  Even  platinum  wire  and  asbestos,  when  placed  in  the  fiame  of  hydrogen  gas, 
serve  to  whiten  it.  Hence  it  has  been  concluded,  that  the  intensity  of  light  whi^  a 
gas  is  capable  of  affording  is  proportional  to  the  quantity  of  solkl  particles  which  it 
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eontains,  and  caa  precipitate  in  the  tet  of  boniiiir.  Carboaie  osyde  gtm  iMrat  witb  Un 

feeblest  light  next  to  hydrogen,  because  It  deposites  no  carbon  in  the  act  of  baranf 
Phosphnreted  hydrogen  gives  a  brilliant  light,  because  the  phosphoric  acid,  iato  whi^ 
its  base  is  conTcrted  during  the  combustion,  is  a  solid  substance,  capable  of  bdif 
ignited  in  the  flame.  Olefiant  gas,  as  also  the  yapor  of  hydro-carbon  oil,  emiu  a 
Dire  vivid  light  than  common  coal  gas ;  for  the  first  is  composed  of  two  oteasarcs  of 
hydrogen  and  two  measures  of  the  vapor  of  carbon  condensed  into  one  volume ;  while 
the  last  conuins  only  one  neasure  of  the  vapor  of  carbon  in  the  same  balk,  aid 
combined  with  the  same  proportion  of  hydrogen.  Olefiant  gas  may  therefore  be  ex- 
pected to  evolve  a  double  quantity  of  carbon  in  its  flame,  which  should  emit  a  doaUe 
light. 

The  flluminating  power  of  the  flame  of  coal  gas  isT,  on  the  contrary,  impaired,  who, 
by  admixture  with  other  species  of  gas  which  precipitate  no  carbon,  its  own  ignited  par- 
ticles are  difiused  over  a  greater  surface.  This  happens  when  it  is  mixed  with  hydroga, 
carbonic  oxyde,  carbonic  acid,  and  nitrogen  gases,  and  the  diminution  of  the  light  is  pro- 
portional to  the  dilution  of  the  coal  gas. 

In  like  manner  the  illuminating  power  of  coal  gas  is  impaired,  when  it  is  coniaBed 
too  rapidly  to  allow  time  for  the  separation  and  ignition  of  its  carbonaceous  matter;  it 
bums,  in  this  case,  without  decomposition,  and  with  a  feeble  blue  flame.  1.  llii 
occurs  when  the  light-gas  is  previously  mixed  with  atmospherical  air,  because  tke 
combustion  is  thereby  accelerated  throughout  the  interior  of  the  flame,  so  as  to  prercM 
the  due  separation  of  carbon.  A  large  admixture  of  atmospherical  air  makes  the  flaflM 
entirely  blue.  2.  When  it  issues,  with  considerable  velocity,  from  a  minute  orifio^ 
whereby  the  gas,  by  expansion,  gets  intimately  mixed  with  a  large  proportion  of  ataxa- 
pherical  air.  If  the  jet  be  vertical,  the  bottom  part  of  the  flame  is  blue,  and  the  won 
to  the  less  carbon  is  contained  in  the  gas.  The  same  thing  may  be  observed  in  the  flaae 
of  tallow,  wax,  or  oil  lights.  The  burning  wick  acts  the  part  of  a  retort,  in  decoD- 
posing  the  fatty  matter.  From  the  lower  part  of  the  wick  the  gases  and  vapors  of  the 
fat  issue  with  the  greatest  velocity,  and  are  most  freely  mixed  with  the  air ;  while  the 
gases  disengaged  from  the  upper  part  of  the  wick  compose  the  interior  of  the  flame,  aad 
being  momentarily  protected  from  the  action  of  the  atmosphere,  acquire  the  proper  higk 
temperature  for  the  deposition  of  carbon,  which  is  then  diffused  on  the  outer  sur/ace  ii 
an  ignited  state,  and  causes  its  characteristic  white  light.  Hence  with  coal  gas,  the  lifkt 
increases  in  ■  certain  ratio  with  the  size  of  the  flame  as  it  issues  from  a  larger  orificf, 
because  the  intermixture  of  air  becomes  proportionately  less.  3.  If  by  any  means  too 
great  a  draught  be  given  to  the  flame,  its  light  becomes  feebler  by  the  rapidity  and  con- 
pleteness  with  which  the  gas  is  burned,  as  when  too  tall  a  chimney  is  placed  over  an 
argand  burner,  see  Jig.  496.  Fif^.  497,  c,  is  a  view  of  the  upper  plate,  upon  which  the 
glass  chimney  b  rests.  The  gas  issues  through  the  smaller  openings  of  the  inner  nog, 
and  forms  a  hollow  cylindrical  flame,  upon  the  outside  as  well  as  the  inside  of  which  Ibe 
atmospherical  air  acts.  The  illuminating  power  of  this  flame  may  be  diminished  it 
pleasure,  according  as  more  or  less  air  is  allowed  to  enter  through  the  orifices  beneatk. 
With  a  very  full  draught  the  light  almost  vanishes)  leaving  only  a  dull  blue  flame  of 
great  heating  power,  like  that  of  the  blowpipe,  corresponding  to  the  perfect  combustioi 
of  the  gas  without  precipitation  of  its  carbon.  4.  On  the  other  hand,  too  small  a  draught 
of  air  is  equally  prejudicial ;  not  merely  because  a  portion  of  the  carbon  thus  escapcf 
unconsumed  in  smoke,  but  also  because  the  highest  illuminating  power  of  the  flame  is 
obtained  only  when  the  precipitated  charcoal  is  heated  to  whiteness;  a  circumstance 
which  requires  a  considerable  draught  of  air.  Hence  the  flame  of  dense  oil  gas,  or  of 
oil  in  a  wick,  burns  with  a  yellow  light  without  a  chimney ;  but  when  it  is  increased  ii 
intensity  by  a  chimney  draucht,  it  burns  with  a  brilliant  white  flame. 

^  From  the  consideration  of  the  preceding  facts,  it  is  possible  to  give  to  coal  gas  iti 
highest  illuminating  power.  The  burners  are  either  simple  beaks  perforated  with  t 
small  round  hole,  or  circles  with  a  series  of  holes  to  form  an  argand  flame,  as  shown  ii 
fig.  497,  or  two  holes  drilled  obliquely,  to  make  the  flame  cross,  like  a  swallow's  tail,  or 
with  a  slit  constituting  the  sheet  of  flame  called  a  bat's  wing,  like  most  of  the  lamps  ii 
the  streets  of  London.  These  burners  are  mounted  with  a  stopcock  for  regulating  the 
quantity  of  gas. 

The  height  of  the  flame,  which  with  like  pressure  depends  upon  the  size  of  the  orific^r 
and  with  like  orifice  upon  the  amount  of  pressure,  the  latter  being  modified  by  the  slop- 
cock,  is,  for  simple  jets  in  the  open  air,     follows : — 

Length  of  the  flame                2  3  4  5  6  inches. 

Intensity  of  the  light         -  55-6  100  150  197-8  247.4 

Volume  of  gas  consumed   -  60-5  101-4  126-3  143-7  182-2 

Light  with  equal  consumption    100  109  131  150  150 

When  the  length  exceeds  five  inches,  nothing  is  gained  in  respect  to  light.  For  ofl 
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MS  ikm  mat  HfttemeBts  will  tcnre,  only  on  aeeoiuit  of  its  tnperim  neham  in  ctrteo.  it 
^•ct  nol  benr  so  loos  <l  flMne  wiUurat  smoke.   Thus : 

Length  of  the  flame       -       1         2  3  4  5  inehef. 

Intensity  of  the  light  -  22  63*7  96*5  141  178 
Gas  consumed        -      -  33*1      78-5  90        118  153 

Light  with  equal  consumption  100       122  159        181         174  s» 

The  diameter  of  the  orifice  for  single  jets,  or  for  several  jeU  from  the  same  beak,  it 
oie  twenty-eighth  of  an  inch  for  coal  gas,  and  one  forty-fiAh  for  oil  gas. 

VThen  several  jets  issue  from  the  same  burner,  the  light  is  improved  by  making  all  the 
flames  unite  into  one.  In  this  case  the  heat  becomes  greater,  for  the  combined  flame 
pfesents  a  smaller  surface  to  be  cooled,  than  the  sum  of  the  smaller  flames.  The  advan- 
tnge  gained  in  this  way  may  be  in  the  ratio  of  3  to  2,  or  50  per  cent  In  an  argand 
burner  the  distances  of  the  orifices  for  coal  gas  should  be  from  to  of  an  inch, 
and  for  oil  gas  -j^.  If  the  argand  ring  has  10  orifices,  the  diameter  of  the  central  open* 
iag  should  be  =  ^  of  an  inch;  if  25  orifices,  it  should  be  one  inch  for  coal  gas ;  but 
for  oil  gas  with  10  orifices,  the  central  opening  should  have  a  diameter  of  half  an  inch, 
and  for  20  orifices,  one  inch.  The  pin  holes  should  be  of  equal  size,  otherwise  the  U^ger 
ones  will  cause  smoke,  as  in  an  argand  flame  with  an  uneven  wick.  The  glass  chimney 
is  not  necessary  to  promote  the  combustion  of  an  argand  coal  gas  flame,  but  only  to  pre- 
Tent  it  from  flickering  with  the  wind,  and  therefore  it  should  be  made  sq  wide  as  to 
eiereise  little  or  no  influence  upon  the  draught.  A  narrow  chimney  is  necessary  merely 
Co  prevent  smoke,  when  a  very  strong  li;^ht  with  a  profusion  of  gas  is  desired.  Oil  gas 
burned  in  an  argand  beak  requires  a  draught  chimney,  like  a  common  argand  lamp,  on 
account  of  the  large  quantity  of  carbon  to  be  consumed.  The  most  suitable  mode  of 
regulating  the  degree  of  draught  can  be  determined  only  by  experiment,  and  the  best 
«OBStruction  hitherto  ascertained  is  that  represented  in  fig.  498.  Fig.  499  exhibiu  the 
rn  above,  of  the  rim  or  ring  c,  upon  which 

the  chimney  6  stands,  and  which  surrounds  the  per-* 
forated  beak.  The  ring  is  made  of  open  fretwork, 
to  permit  the  free  passage  of  air  upwards  to  str^e 
the  outside  of  the  flame.  The  thin  annular  dsic  d, 
a  -     -  a        which  is  laid  over  its  fellow  disc  c,  in  the  bottom 

Vft<->i/   1  ffffJl ®^      chimney-holder,  being  turned  a  little  one  way 

or  other,  will  allow  more  or  less  air  to  pass  through 
for  promoting,  more  or  less,  the  draught  or  ven- 
tilation. The  draught  in  the  central  tube  of  the 
burner  may  be  regulated  by  the  small  disc  e,  whose 
diameter  is  somewhat  smaller  than  that  of  the  ring 
of  the  burner,  and  which,  by  turning  the  miDed 
head  /,  of  the  screw,  may  be  adjusted  with  the  greatest  nicety,  so  as  to  admit  a  greater 
or  smaller  body  of  air  into  the  centre  of  the  cylindrical  flame. 

In  mounting  gas-lights,  and  in  estimating  beforehand  their  illuminating  effects,  we 
must  keep  in  mind  the  optical  proposition,  that  the  quantity  of  light  is  inversely  as  the 
■quare  of  the  distance  from  the  luminous  body,  and  we  must  distribute  the  burners 
accordingly.  When,  for  example,  a  gas-light  placed  at  a  distance  of  ten  feet,  is  required 
for  reading  or  writing  to  aflford  the  same  light  as  a  candle  placed  at  a  distance  of  two 
feet;  squaring  each  distance,  we  have  100*4;  therefore  =  25,  shows  us  that  25 
•oeh  lights  wUl  be  necessary  at  the  distance  of  10  feet. 

Concerning  portable  gas-light,  with  the  means  of  condensing  it,  and  carrying  it  from 
the  gas  works  to  the  places  where  it  is  to  be  consumed,  we  need  say  nothing,  as  by  the 
improvements  lately  made  in  the  purification  and  distribution  of  coal  gas,  the  former 
system  has  been  superseded. 

It  is  well  known  that  light  gas  deteriorates  very  considerably  by  keeping,  especially 
when  exposed  to  water  over  an  extensive  surface ;  but  even  to  a  certain  degree  over  oil, 
or  in  dose  vessels.  An  oil  gas  which  when  newly  prepared  has  the  specific  gravity  of 
1-054,  will  give  the  light  of  a  candle  for  an  hour,  by  consuming  200  cubic  inches ;  will, 
after  two  days,  give  the  same  light  by  consuming  215  cubic  inches  per  hour ;  and  after 
four  days,  by  consuming  240  cubic  inches  in  the  like  time.  With  coal  gas  the  deteriora 
tion  appears  to  be  more  rapid.  When  newly  prepared,  if  it  affords  the  light  of  a  candle 
with  a  consumption  of  400  cubic  inches  per  hour,  it  will  not  give  the  same  light  after 
being  kept  two  days,  except  with  a  consumption  of  430  inches ;  and  after  four  days,  of 
460.  Oil  gas  three  weeks  old  has  become  so  much  impaired  in  quality  that  600  inches^ 
of  it  were  required  per  hour  to  furnish  the  light  of  a  candle.  All  light  gas  shoukl  be 
used  therefore  as  soon  as  possible  after  it  is  properly  purified. 

Economical  considerations, — The  cost  of  gas-light  depends  upon  so  many  local  eir- 
comstances,  that  no  estimate  of  it  can  be  made  of  general  application ;  only  a  few 


cSflSS/oftbe  qa— Uty  reqaired  for  cfaurgif  tiw  iHarti  thinliM,  Wtailit  ilM 
wm  k«alcd  hf  one  fire,  the  ezpenditure  for  fiiel  it  mUf  one  tUid  «f  IhM  wkca  eadi  rM 
1mm  a  lire.  The  eoke  whieh  renuiiBt  in  the  retorts  conititntci  uteit  00  per  cent  if  Iht 
veifht  of  the«rigtnal  eonl;  hot  the  Tolane  ii  incremcd  hy  tlw  eokfaif  im  the  piiiflii 
ori00to75.  When  the  eoke  wvted  for  henting  theretorti^  nboat  OM  kiir  of  Ike  «Mr 
kreooired.  If  we  cetimnte  the  coke  by  ite  eoin|wuntife  hwithig  pwper,  ft  wprenentig 
per  eent.  of  the  eonb  eonsnmed.  One  hnndred  ponndi  of  good  eonl  Mi  in  ditMiIlM 
10  ponndi  of  nmmonUenI  lM|oor,  from  whieh  enlphnte  or  mwinte  ef  nMWiin  Mf  ht 
nede^  by  ■ntnmiion  with  salphorie  or  mnrintie  ndd,  nnd  empontien*  Tkn  Utnor  o» 
Inine  NkewiM  tome  eynnide  of  amBonity  whieh  any  he  conTerled  into  VkHrinn  Une  If 
the  tddition  of  tnlpkate  of  iron,  aAer  tttnntion  wiib  mnrintie  ncid. 

Two  hmidred  poondt  of  eonl  nlibrd  lAont  17  ponndt  of  tnr.  Thin  aMtoit  In  111 
ponndt  S6  p&nndt  of  eonl  oil,  nnd  48  ponndt  of  pitch.  Thntni  InioBWlimnnf  |it|i*m 
n  pnint  to  pretenre  wood  nnd  wnlb  fWnn  the  infinenee  of  moiitnrtp  hnt  its  din^tnttHi 
tmeU  limiu  iu  nte.  The  eonl  oil,  when  reetlfled  hy  dittillnlion»  it  extflBtmly  cmplif^ 
ibr  dteWiog  eaonteboiie  in  ranking  the  rnmiih  of  wnterproof  clolh»nMl  nlio  lor  bnote 
in  n  peculiar  kiD4^  lampt  nnder  the  nnme  of  nnpthn*  Oil  of  tnipentine^ hoiwcv&i 
often  told  and  nted  ibr  this  porpote,  1^  the  tnme  nnM  If  the  eenl  ofl  be  mini  wMh 
Htfolameof  wnter^and  the  mizlnre  be  nwde  to  boil  in  n  kettle,  the  mingM  vnpnctwkn 
pntted  thraogh  n  peribrated  noitle  may  be  kindled;  nnd  employed  na  n  pomniU  mami 
of  nrtifieinl  hent.  The  water  it  not  decompoted,  bnt  il  tenet  by  lla  Tnpor  to  erpnnl  Iht 
bnlk  of  the  volatile  oil,  aad  lo  make  H  thereby  eoae  into  ccntnel  wfth  n  inqrcr  lelM 
of  ntmoepherienl  air,  to  at  to  bom  without  MBoke^  nnder  n  boiler  or  aaf  otiher  imL 
The  pitch  may  be  deeompoted  inio  n  Bght-gat. 

The  lelatiTe  cott  of  light  from  coal  gat  and  oil  gat  mny  be  fUfmntrf  nn  od«  to  tis 
kntL  Rotin  gnt  it  ehenper  than  oil  gat.  See  Bxitiir. 

I  thall  eondndf  thit  article  wich  a  tnmmary  of  the  coapnmtifn  apeme  of  dttnifi 
■odet  of  Olomioation,  aad  tome  ttatittical  tablet. 

Oae  ponnd  of  taUow  will  latt  40  hourt  in  six  monld  enndlet  bnmed  in  ■ngr  ettic%  ani 
eotU  8i.;  n  galton  of  oil,  caoable  of  affofding  the  light  of  15  eandlet,  Ibr  40  honnk 
eottt  Of.  s  Img  therefore  |  of  the  price  of  monld  enndlet,  aad  of  the  priee  if  di|ift 
The  cott  of  wax  it  about  3i  timet  that  of  laUow  i  aad  eonl  gnt,  nt  told  nt  the  nlc  if 
Oi.  Ibr  1000  cubic  feet,  will  be  one  tizth  the  price  of  monM  enndlet  i  Ibr  500  cnbic  Inchei 
of  coal  gat  giTC  a  light  equal  to  the  aboTC  candle  Ibr  an  honri  therefbfv  40  X  500  3 
20,000  cubic  ioches  =  11  57  cubic  feet,  worth  Ifd.,  which  multiplied  by  6giTCt7)i, 
the  average  price  of  mould  candles  per  poand. 

The  author  of  the  article  GasMght  in  the  Encyclopedia  Britannica,  obsenres,  in  refer- 
ence to  the  economy  of  this  mode  of  illumination,  that  while  the  price  of  coal,  in  coaie- 
quence  of  the  abundant  and  regular  supply  of  that  artide,  is  liable  to  little  Aucluatioi, 
the  cost  of  wax,  tallow,  and  oil,  on  account  of  the  more  precarious  nature  of  the  sooreei 
from  which  theyare  obtained,  varies  exceedingly  in  different  seasons.  Assuming  tkat 
a  pound  of  tallow  candles,  which  last  when  burned  in  succession  forty  hours,  costs  aise- 
pence''  (seven-pence  halfpenny  is  the  average  priee),  **  that  a  gallon  of  oil,  yielding  the 
light  of  600  candles  for  an  hour,  costs  two  shillings'*  (five  shillings  is  the  lowest  price  of 
a  galk)n  of  such  oil  as  a  gentleman  would  choose  to  bum  in  his  lamp),  that  the  ezpeaii 
of  the  light  from  wax  is  three  times  as  great  as  from  tallow,  and  that  a  thousand  cubic 
feet  of  coal  iras  cost  nine  shillings;"  he  concludes  the  relative  cost  to  be  (or  the  sane 
quantity  of  light, — from  wax,  100 ;  tallow,  25 ;  oil,  5 ;  and  coal-gas,  3.  I  conceive  the 
estimate  given  above  to  be  much  nearer  the  truth ;  when  referred  to  wax  called  100,  it 
becomes,  for  tallow,  28-6 ;  oil,  14*3  ;  coaUgas,  4*76. 

Gas-lighting  has  received  a  marvellous  development  in  London.  In  the  year  1834,  thi 
nnmber  of  gas  lamps  in  this  city  was  168,000,  which  consumed  dafly  about  4,200,000 
cubic  feet  of  gas.  For  the  purpose  of  generating  this  gas,  more  than  200,000  chaldrooi, 
or  10,800,000  cubic  feet  of  coals  were  required. 

For  the  following  valuable  statistical  details  upon  gas-light,  my  readers  an 
indebted  to  Joseph  Hedley,  Esq.,  engineer,  of  the  Alliance  Gas  Works,  Dublin ;  a 
gentleman  who  to  a  sound  knowledge  of  chemistry,  joins  such  mechanical  talent  and 
indefatigable  diligence,  as  qualify  him  to  conduct  with  success  any  great  undertakiof 
committed  to  his  care.  He  has  long  endeavored  to  induce  the  directors  of  the  London 
gat- works  to  employ  a  better  coal,  and  generate  a  more  richly  carbureted  gas,  which  ia 
much  smaller  quantity  would  give  as  brilliant  a  light,  without  heating  the  apartnwnii 
^mpleasantly,  as  their  highly  hydrogenated  gas  now  does.  Were  his  judicious  views 
adopted,  coal  gas  would  soon  tnpertcdc  oil,  and  even  wax  candles,  for  Uluminnting  pri* 
vate  mansions. 


sm 


€  a  ptper  kU  befixe  «  Cnmmfttce  of  the  House  of  Gommoiif^  ihowMlg  not  oolf 
ye  values  of  the  G«ses  prodneed  at  the  niidermentioned  plae«o»  bat  showing  in 
Her  the  relative  economy  of  Gat,  as  prodaeol  at  the  different  places,  over 
r  Joseph  Hedley,  Esq. 
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NDUM. — It  will  not  fail  to  be  observed  that  in  deducing  the  comparative  value 
in  candles  and  gas  by  these  experiments,  the  single  jet  (and  in  every  instance, 
rse,  it  was  the  same)  has  been  the  medium.  This,  however,  though  decidedly 
St  correct  way  of  making  the  comparative  estimate  of  the  illuminating  power  of 
reral  gases,  is  highly  disadvantageous  in  the  economical  comparison,  inasmuch 
burnt  in  a  properly  regulated  argand  burner,  with  its  proper  sized  glass,  air 
re,  and  sufficient  number  of  holes,  gives  an  advantage  in  favor  of  gas  consumed 
irgand,  over  a  jet  burner,  of  from  30  to  40  per  cent.  At  the  same  time  it  must 
overlooked,  that  in  many  situations  where  great  light  is  not  required,  it  will  be 
far  more  economical  to  adopt  the  use  of  single  jets,  which,  by  means  of  swing 
ts  and  light  elegant  shades,  become  splendid  substitutes  for  candles,  in  banking 
ihments,  offices,  libraries,  Jtc.  &c. 

[n  Glasgow,  Edinburgh,  Dundee,  Perth,  and  the  Scotch  towns  generally,  the 
or  Scotch  Cannel  coal  is  used ;  in  illuminating  power  and  specific  gravity  the 
oduced  is  equal  to  that  from  the  best  description  of  Cannel  coal  in  England, 
ice  per  1000  cubic  feet  ranges  about  9«.,  with  from  5  to  30  per  cent,  off  for  dis- 
t  leaving  the  net  price  about  9s.  to  be  equal  in  the  above  table  to  100  lbs.  of 
I. 

le  of  Experiments  made  in  Gas  produced  from  different  qualities  of  Coal,  and 
1  in  different  kinds  of  Burners: 

the  Sheffield  Gas  Lieht  Company's  Works,  and  laid  before  a  Committee  of  the 
House  of  Commons.   By  Joseph  Hedley,  Esq. 

pill 


_5* 

h 
V 

m 

V  1 

*  £  It 

a  «  ^ 

1 

^  s 

p  1 
it:; 

Dw^p  Pit 

■410 

n 

Miirtonnlty 

4^ 

74 

C«Atl«l 

CGO 

7 

Dmp  Pit 

110 

14 

31 

■4W 

» 

>I 

to 

1*0 

C5 


IncAtt 
4 
4 
4 

n 


CanJiet. 
3434 

11-53 

ja^ 

15^ 


o  5 

ih 

"'a 

h.  r.  4^ 

on  0} 

im 

0  0  0  i 

1631 

0  13  0* 

J44S 

0  IJ  t\ 

m 

0  7 

mo 


of  KipcrimeBtf  made  at  the  ABiaace  Gflt  Conpuy^t  WodsteBiMiayMiiai 
^  .        past  year  1837.  Sy  Joaeph  HeiUey,  £iq. 

Rtftnht  of  experimeDts  oa  the  qaalitiet  of  Tarioiis  eoalt  for  the  produetioa  ef  gas;  li 
Talue  in  illaminating  power ;  produce  of  coke,  and  quality ;  aad  other  particalaii  imp» 
tant  in  gas-making : — 

1«/  Experiment,  Saturday^  May  27,  IR37.— Deane  coal  (Caraberiaiid),  2  ewtt.  cf  112 
lbs.  each  (or  224  lbs.)  prodaced  970  cubic  feet  of  gas ;  4  boshds  of  coke  of  Biddlii| 
quality ;  specific  gravity  of  the  gas,  475.  Consumed  in  a  single-jet  burner,  iaae  4 
inches  high,  lyMhs  cubic  feet  per  hour;  distance  from  shadow  76  inches,  or  f% 
■x>uld  candles.  Average  quantity  of  gas  made  from  the  charge  (6  honis)  4-33  cobie  ftn 
per  lb.,  or  9,700  cubic  feet  per  too  of  20  cwts.  Increase  of  coke  over  coal  in  measare^iol 
quite  30  per  cent.  Loss  in  weight  between  eoal,  coke,  and  breixe  56  IbSi,  eoavotd 
into  £as,  tar,  amoxmia,  &c. 

2d  Experiment,  May  28.— Carlisle  coa]  (Blenkinsopp).  224  lbs.  produced  1010  cikie 
ftet  of  gas,  4  bushels  of  coke  of  good  quality  though  small;  increase  of  coke  over  eoal  ii 
measure  not  quite  30  per  cent.  Loss  in  weight,  same  as  foregoing  experiment.  Avenge 
quantity  of  gas  made  from  the  charge  (6  hours)  4-5  cubic  feet  per  lb.  or  10/180  per  loa. 


Dlumiuaiing  power  of  the  Ga$, 


COMOflMd 

per  boor, 
UBfla  j«t. 

DtetMM 

tocMdlet. 

8p«iB 

granif. 

At  the  end  of  the  first  hour    •  - 
Ditto       ditto       with  20-hole  > 

argand  burner     -      -  ) 
When  charge  nearly  off    -  - 
When  charge  quite  off,  with  20-  ) 

hole  argand  burner      -      -  ^ 

feet. 

5 

9 

iuehet. 
70 

25 

85 

100 

2-72 
21-33 
1-84 
not! 

•475 
•475 
•442 
•266 

Zd  Experiment,  May  29. — Carlisle  coal  (Blenkinsopp).  112  lbs.  produced  566  eokie 
feet  of  gas.  Other  products,  loss  of  weight,  Slc.,  same  proportion  as  foregoing  experi- 
ment. Average  quantity  of  gas  made  from  the  charge  (6  hours)  4*96  cubic  feet  per  Ib^ 
or  11,120  per  ton. 

In  this  experiment  the  quantity  of  gas  generated  every  hour  was  ascertained;  the 
illuminating  power,  the  specific  gravity,  and  the  quantity  of  gas  consumed  by  the  nofle 
jet  with  a  flame  4  inches  high,  was  tried  at  the  end  of  each  hour,  with  the  respedivt 
gases  generated  at  each  hour ;  and  the  following  is  a  table  of  results. 

RESULTS. 


Hour. 

Gas  produced. 

CoDBumad 
pfi  hour, 
per  tingle  jet, 
4  inches  high. 

Specific  gniTity. 

DisUace  of 
candle  from 
shadow. 

llIvaiaatiBf 
power  ^aal  te 
muuJd  candles. 

1st. 

2d. 

3d. 

4th. 

6th. 

6th. 

Total 

cubic  feel. 

150  ^ 

120 
95 
95 
80 
16 

cubic  feet. 
lll'IOths  ) 
or  M5  S 
11 
12 
15 
17 
29 

•534 

•495 
•344 
•311 
•270 
•200 

feet  9  inches. 

inches. 

70 

76 
76 
80 
86 
100 

2^72 

2-36 
2-36 
2-08 
1-81 
not  one 

556  or 

92t  or  2 

Average  of  the  above  gas,  6-hour  charge. 
92i         16.10ths,  nearly      ^359  81  2*03 

Average  of  the  above  gas  at  4-hour  charce. 
116         I2i.l0ths,  -421  75  2-36 

Prodnction  of  gas  in  6  hours  556  feet,  or  at  the  rate  of  11,120  cubic  feet  per  toa. 
Ditto        in  4  hours  460  feet,  or  at  the  rate  of  9,200  ditto 


GAS-LIGHT. 


Hie  reUtite  rtJxu  of  theie  prodnetioiis  of  gis  Is  u  foDowi,  Tix. : 
11,120  at  ]6-10th8  per  lioar  nearly  (or  1*6916  accurately),  and  equal  to  203  eandlctj 
tbe  11,120  feet  would  be  equal  to  and  last  as  long  as  1597  candles,  or  2661  lbs.  of 
candles. 

9S00  at  12i.l0th8  per  hour  (or  1*2375  accurately),  and  equal  to  236  candles;  the 
MOO  feet  would  be  equal  to  1949  candles,  or  324^  lbs.  candles. 

Now  2661  lbs.  of  mould  candles,  at  7f.  6d.  per^ dozen  lbs.,  will  cost  SI.  6«.  4i<i.,  whilst 
324$  lbs.  of  do.      do.     at  7«.  6d,  per   do.         do.       10/.  3«. 

Showing  the  value  of  4-hour  charges  over  6*hour  charges ;  and  of  9,200  cubic  feet 
OiTer  11,120  cubic  feet. 

Not*. — 9500  cubit:  feet  of  Winn  cannel  coal  gas  an  equal  in  illnniinatinir  power  to  850  l-6th  Iba.  of  can- 
diM,  which  at  7t.  M.  per  doxan  Tba.  will  cdtt  251.  lOt.  5^d.  It  it  also  found  that  any  banier  with  aupmior 
gaa  will  cooauine  only  about  half  the  quantity  it  woald  do  with  oommon  faa. 

4th  Experiment,  May  30th, — Cannel  and  Cardiff  coal  mixed  |  and  i,  together  112  lbs., 
produced  460  feet  of  gas;  2  bushels  of  coke  of  good  quality ;  increase  of  coke  over  coal 
in  measure,  about  30  per  cent. ;  loss  in  weight,  41  lbs. ;  coke  weighed  71  lbs.,  no  breize. 
Average  quantity  of  gas  made  from  the  charge  (4  hours),  4-1  cubic  feet  per  lb.,  or  9*200 
per  ton. 

Uluminating  power, — At  the  end  of  the  first  hour. 

Candlea.  Cnbio  fiMt 

Distance  of  candle  from  )  -«      «      <  Consumed  per  hour,  single  >  -o  *a*u- 
shadow    -      .      _  J  7d  or  z  4y  ^    .^^  ^  .^^j^^  ^^^^       _  ^  IZ-lOths. 

At  end  of  2J  hour,  do.     70  or  2*72    Do.      do.      do.  ll^-lOths. 
At  end  of  3d  hour.      This  gas  very  indifferent. 

Average  of  the  three    -   70  or  2*72    Do.      do.      do.  ll|-10ths. 
Specific  gravity  3*44 ;  6  feet  per  hour,  with  a  20-hole  argand  burner,  equal  to  14*66 
candles. 

bth  Experiment,  May  3  1j/.— Carlisle  coal,  112  lbs.  produced  410  feet  of  gas;  other 
products,  same  as  in  furmer  experiments  with  this  coal,  but  heat  very  low. 
Illuminating  power  and  produce  of  gas. 

f  Avenge  of  this  gas:  specific  gravity,  540; 


410  ft. 


r  1st  hour  120  cubic  feet 

I  2d  100 
I  3d  90 
1 4th  100 


distance  of  candle  from  shadow,  55  inches, 
or  4*4  candles  consumed  per  single  jet, 
9-lOths  of  a  cubic  foot  per  hour.  20-hole 
argand  burner,  4  feet  per  hour,  equal  to 
21-33  candles. 

It  is  possible,  from  the  superior  quality  of  this  gas,  that  a  little  of  the  cannel  gas  made 
for  a  particular  purpose,  may  have  got  intermixed  with  it  in  the  experimental  gasholder 
ud  apparatus. 

A  variety  of  other  experiments  were  tried  on  different  qualities  of  coal,  and  mixtures 
of  ditto,  too  tedious  to  insert  here,  though  extremely  valuable,  and  all  tending  to  show 
the  superior  value  of  gas  produced  at  short  over  long  charges ;  and  also  showing  the  im- 
portance and  value  of  coal  producing  gas  of  the  highest  illuminating  power ;  among 
which  the  cannel  coal  procured  in  Lancashire,  Yorkshire,  and  some  other  counties  of 
England  and  Wales,  and  the  Parrot  or  splent  coal  of  Scotland,  stand  pre-eminent. 

NoM. — Id  all  the  foregoing  ozpehmenta  the  laBio  einglo-jet  burner  was  naed  ;  its  flame  in  all  iaataacias 
aoMtly  4  inches  high. 

Tha  coal  when  drawn  from  tha  retort  was  slaked  with  water,  aad  after  allowing  aoao  abort  time  for 
drjimgf  was  wsighed. 

A  Table  of  the  number  of  hours  Gas  is  burnt  in  each  month,  quarter,  and  year. 
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bsing  a  SynoiMit  of  the  pww)<ii>Hingi  of  Ao  mideniientioMd  prineiiMl  GM-Lurtit  EiteUithmenti 
EipeinMnto  bUtinua  the  Yoon  l5i  end  1837.  By  JoMph  Hedloy,  E«i. 
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OEimiAL  StTMMAltT. 

For  lighting  London  and  its  suburbs  with  gas,  there  are — 
18  public  gas  works. 
12      do.  companies. 

2,800,000/.  capital  employed  in  works,  pipes,  tanks,  gas-holders,  apparatus. 

450,0<)0/.  yearly  revenue  derived. 

180,000  tons  of  coals  used  in  the  year  for  making  gas. 

1,460,000,000  cubic  feet  of  gas  made  in  the  year. 

134,300  private  burners  supplied  to  about  40,000  consumers. 

30,400  public  or  street  do.   N.  B.  about  2650  of  these  are  in  the  city  of  London. 

380  lamplighters  employed. 

176  gas-holders ;  several  of  them  double  ones,  capable  of  storing  5,500,000  cubic  feet. 
890  Ions  of  coals  used  in  the  retorts  on  the  shortest  day,  in  24  hours. 
7,120,000  cubic  feet  of  gas  used  in  longest  night,  say  24th  December. 
About  2500  persons  are  employed  in  the  metropolis  alone,  in  this  branch  of  manti- 
fiictare. 

Between  1822  and  1827  the  quantity  nearly  doubled  itself,  and  that  in  5  years. 
Between  1827  and  1837  it  doubled  itself  again. 

Mr.  Kirkharo,  engineer,  obtained  a  patent,  in  June,  1837,  for  an  improved  mode  of  re» 
moring  the  carbonaceous  incrustation  from  the  internal  surfaces  of  gas  retorts.  He  em- 
ploys a  jet  or  jets  of  heated  atmospheric  air,  or  other  gases  containing  oxygen,  which  he 
impels  with  force  into  the  interior  of  such  retorts  as  have  become  incrusted  in  conse- 
quence of  the  decomposition  of  the  coal.  The  retort  is  to  be  kept  thorMghly  red  hot 
daring  the  application  of  the  proposed  jet«.  An  iron  pipe,  coniliucted  with  several  flexi  t 
Ue  joints,  leading  from  a  blowing  machine,  is  bent  ia  such  a  way  as  to  allow  its  nozzle 
end  to  be  introduced  within  the  retort,  and  directed  to  any  point  of  its  surface. 

I  should  suppose  that  air,  even  at  common  temperatures,  applied  to  a  retort  ignited  to 
the  pitch  of  making  gas,  would  burn  away  the  incrustations;  but  hot  air  will,  no  doubt, 
be  more  powerful. 

GAS-HOLDER ;  a  vessel  for  containing  and  preserving  gas,  of  which  various  forms 
are  described  by  chemical  writers. 

GASOMETER  means  properly  a  measurer  of  gas,  though  it  is  employed  oAen  to  denote 
a  recipient  of  eas  of  any  kind.   See  the  article  Gas-Light. 

GAUZE  WIRE  CLOTH  is  a  textile  fabric,  either  plane  or  tweeled,  made  of  brass, 
iron,  or  copper  wire,  of  very  various  degrees  of  fineness  and  openness  of  texture.  Its 
chief  uses  are  for  sieves,  and  safety-lamps. 

GAY-LUSSITE  is  a  white  mineral  of  a  vitreous  fracture,  which  crystallizes  in  oblique 
rliomboidal  prisms;  specific  gravity  from  1-93  to  1*95;  scratches  gypsum,  but  is  scratched 
by  calc«par ;  affords  water  by  calcination ;  it  consists  of  carbonic  acid,  28*66 ;  soda, 
20-44;  lime,  17*70 ;  water,  32  20;  clay,  1*00.  It  is,  in  fact,  by  my  analysis,  a  hydrated 
loda-carbonate  of  lime  in  atomic  proportions.  This  mineral  occurs  abundantly  in  insu- 
lated cr}'stals,  disseminated  through  the  bed  of  clny  which  covers  the  urao,  or  native  sea- 
qaicarbonate  of  soda,  at  Lagunilla  in  Colombia. 

GELATINE  (Eng.  and  Fr.;  Galleri,  Leim,  Germ.)  is  an  animal  product  which nia 
never  fonnd  in  the  humors,  but  it  may  be  obtained  by  boiling  with  water  the  soft  *nd 
aolid  parts;  as  the  muscles,  the  skin,  the  cartilages,  bones,  ligaments,  tendons,  and 
membranes.  Isinglass  consists  almost  entirely  of  gelatine.  This  substance  it  very 
aolable  in  boiling  water ;  the  solution  forms  a  tremulous  mass  of  jelly  wheft  it  cools. 
Cold  water  has  Utile  action  upon  gelatine.  Alcohol  and  tanpin  (tannic  acid,  see  Gajx- 
iruTs)  precipitate  gelatine  from  its  solution ;  the  former  by  abstracting  the  water,  the 
latter  by  combining  with  the  substance  itself  into  an  insoluble  compound,  of  the  nature 
of  leather.  No  other  acid,  except  the  tannic,  and  no  alkali  possesses  the  property  of 
precipitating  eelatine.  But  chlorine  and  certain  salts  render  its  solution  more  or  less  tnr- 
Ind ;  as  the  nitrate  and  bi-chloride  of  mercury,  the  proto-chloride  of  tin,  and  a  few  others. 
SoJpharic  acid  converts  a  solution  of  gelatine  at  a  boiling  heat  into  sugar.  See  Lionb- 
oua  Fibre.  Gelatine  consists  of  carbon,  47*88;  hydrogen,  7*91 ;  oxygen,  27*21.  See 
Gx.us  and  Isinglass. 

GEMS  are  precious  stones,  which,  by  their  color,  limpidity,  lustre,  brilliant  polish,  pa- 
rity, and  rarity,  are  sought  after  as  objects  of  dress  and  decoration.  They  form  the  prin- 
cipal part  of  the  crown  jewels  of  kings,  not  only  from  their  beauty,  but  because  they  are 
•apposed  to  comprise  the  greatest  value  in  the  smallest  bulk ;  for  a  diamond,  no  larger 
tlian  a  nut  or  an  acorn,  may  be  the  representative  sign  of  the  territorial  value  of  a  whole 
conntry,  the  equivalent  in  commercial  exchange  of  a  hundred  fortunes,  acquired  by  se- 
fere  toils  and  privations. 

Among  these  beautiful  minerals  mankind  have  agreed  in  forming  a  select  class,  to  which 
the  title  of  gemt  or  jeweh  has  been  appropriated ;  while  the  term  preci(m$  stont  is  more 
particularly  eiven  to  substances  which  often  occur  under  a  more  considerable  yolnma 
than  Jmt  ttonu  ever  do. 
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Diamonds,  sapphires,  emeralds,  rabies,  topaxes,  hyacinths,  and  ehjrjsoberyls,  are  reck- 
oned the  most  valuable  gems. 

Cyrstalline  quartz,  pellucid,  opalescent,  or  of  yarions  haes,  amethyst,  lapis  kssli, 
malachite,  jasper,  agate,  &c.,  are  ranked  in  the  much  more  numeroas  and  inferior  ckm 
of  ornamental  stones.  These  distinctions  are  not  founded  upon  any  strict  phihnophial 
principle,  but  are  re?u1ate<l  by  a  conventional  agreement,  not  very  well  defined;  for  it 
is  impossible  to  subject  these  creatures  of  fashion  and  taste  to  the  rigid  subdivisioos ef 
science.  We  have  only  to  consider  the  value  currently  attached  to  them,  and  take  eve 
not  to  confound  two  stones  of  the  same  color,  but  which  may  be  very  differently  prized 
by  the  uirtuoso. 

Since  it  usually  happens  that  the  true  gems  are  in  a  cnt  and  polished  state,  or  even  Kt 
in  gold  or  silver,  we  are  thereby  unable  to  apply  to  them  the  criteria  of  mineralogical  sad 
chemical  science.  The  cutting  of  the  stone  has  removed  or  masked  its  crystalline  ekar- 
acter,  and  circumstances  rarely  permit  the  phenomena  of  doable  or  single  refraetios  to 
be  observed ;  while  the  test  by  the  blowpipe  is  inadmissible.  Hence  the  only  sdeitiie 
resources  that  remain  are  the  trial  by  electricity,  which  is  of\en  inconclasive ;  the  dcfree 
of  hardness,  a  criterion  requiring  great  experience  in  the  person  who  employs  it;  and, 
lastly,  the  proof  by  specific  gravity,  unquestionably  one  of  the  surest  means  of  distiagoiih- 
ing  the  really  fine  gems  from  ornamental  stones  of  similar  color.  This  proof  eaa  betp- 
plied  only  to  a  stone  that  is  not  set ;  but  the  richer  gems  are  usually  dismounted,  vkci 
offered  for  sale. 

This  character  of  specific  gravity  may  ie  applied  by  any  person  of  common  istelfi- 
eence,  with  the  aid  of  a  small  hydrostatic  balance.  If,  for  example,  a  stone  of  a  fiie 
crimson-red  color  be  offered  for  sale,  as  an  oriental  ruby ;  the  purchaser  must  aseertait 
li  it  be  not  a  Siberian  tourmaline,  or  ruby  spinel.  Supposing  its  weight  in  air  to  be  100 
grains,  if  he  finds  it  reduced  to  69  grains,  when  weighed  in  water,  he  concludes  tkat  id 
bulk  is  equal  to  that  of  31  grains  of  water,  which  is  its  loss  of  weight.  Now,arcil 
sapphire  which  weighs  100  grains  in  air,  would  have  weighed  76*6  in  water;  aipiad 
ruby  of  100  grains  would  have  weished  72*2  in  water,  and  a  Siberian  tourmaline  of  100 
grains  would  have  weighed  only  69  grains  in  water.  The  quality  of  the  stone  ia  qacs- 
tion  is,  therefore,  determined  beyond  all  dispute,  and  the  purchaser  may  be  thus  protected 
from  fraud. 

The  sard  of  the  English  jewellers  (Sardaine,  French)  is  a  stone  of  the  naiare  d 
agate,  having  an  orange  color  more  or  less  deep,  and  passing  by  insensible  shades  into 
yellow,  reddish,  and  brown ;  whence  it  has  been  agreed  to  unite  under  this  denominalioi 
all  the  agates  whose  color  verges  upon  brown.  It  should  be  remarked,  however,  that  ilie 
sard  presents,  in  its  interior  and  in  the  middle  of  its  ground,  concentric  zones,  or  tmill 
nebulosities,  which  are  not  to  be  seen  in  the  red  cornelian,  properly  so  called.  The 
ancients  certainly  knew  our  sard,  since  they  have  left  us  a  great  many  of  them  engrsTed, 
but  they  seem  to  have  associated  under  the  title  sarda  both  the  sardoine  of  the  French, 
and  our  cornelians  and  calcedonies.  Pliny  says  that  the  sarda  came  from  the  neighbor- 
hood of  a  city  of  that  name  in  Lydia,  and  from  the  environs  of  Babylon.  Atnons  the 
engraved  sards  which  exist  in  the  collection  of  antiques  in  the  Bibliotheque  Royalerf 
Paris,  there  is  an  Apollo  remarkable  for  its  fine  color  and  great  size.  When  the  rtoie 
forms  a  part  of  the  agate-onyx,  it  is  called  sardonyx.  For  further  details  upon  Geoi, 
and  the  art  of  cutting  and  engraving  them,  See  Lapidary. 

GEOGNOSY,  means  a  knowledge  of  the  structure  of  the  earth ;  Geology,  a  descrip- 
tion of  the  same.  The  discussion  of  this  subject  does  not  come  within  the  province  of 
this  Dictionary. 

GERMAN  SILVER.    See  the  latter  end  of  the  article  Copper. 

GERMINATION  (Eng.  and  Fr. ;  Das  Keimen,  Germ.)  is  the  first  sprouting  of  a 
seed  after  it  is  sown,  or  when,  after  steeping,  it  is  spread  upon  the  malt  floor.    See  Bed. 

GIG  MACHINES  are  rotatory  drums,  mounted  with  thistles  or  wire  teeth  for  teazliag 
cloth.    See  Woollen  Manufacture. 

GILDING  (DorurCi  Fr. ;  Vergoldungy  Germ.)  is  the  art  of  coatini^  surfaces  with  a 
thin  film  of  sold.  For  a  full  discussion  of  this  subject.  See  Gold.  Mr.  Elkington,  gilt 
toy  maker,  obtained  a  patent  in  June,  1836,  for  gilding  copper,  brass,  &c.,  by  meani  of 
potash  or  soda  combined  with  carbonic  acid,  and  with  a  solution  of  gold.  Dissolve,  sajs 
he,  5  oz.  troy  of  fine  gold  in  52  oz.  avoirdupois  of  nitro-muriatic  acid  of  the  fultowiag 
proportions :  viz.  21  oz.  of  pure  nitric  acid,  of  spec.  grav.  1*45,  17  oz.  of  pure  moriatie 
acid,  of  spec.  grav.  M5 ;  with  14  oz.  of  distilled  water. 

The  gold  being  put  into  the  mixture  of  acids  and  water,  they  are  to  be  heated  ia  a 
glass  or  other  convenient  vessel  till  the  gold  is  dissolved ;  and  it  is  usual  to  continue  the 
application  of  heat  after  this  is  effected,  until  a  reddish  or  yellowish  vapor  ceases  to  rise. 

The  clear  liquid  is  to  be  carefully  poured  ofif  from  any  sediment  which  generally 
appears  and  results  from  a  small  portion  of  silver,  which  is  generally  found  in  ^loy  with 
gold.  The  clear  liquid  is  to  be  placed  in  a  suitable  vessel  of  stone,  pottery  ware  is  pre* 
ferred.   Add  to  the  solution  of  gold  4  gallons  of  distilled  water^  and  SO  pcnuidi  of  bic•^ 
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koMte  of  poUsh  of  the  best  quality  ;  let  the  whole  boil  moderately  for  two  hours,  the 
■iitare  will  then  be  ready  for  use. 

The  articles  to  be  gilded  having  been  firm  perfectly  rieaned  from  scale  or  grease,  they 
■re  to  be  suspended  on  wires,  conveniently  for  a  workman  to  dip  them  in  the  liquid,  which 
k  kept  boiling.  The  time  required  for  gilding  any  particular  article  will  depend  on  cir- 
eoBSUnces,  partly  on  the  quantity  of  gold  remaining  in  the  liquid,  and  partly  on  the  size 
aad  weight  of  the  article ;  but  a  little  practice  will  readily  give  sufficient  guidance  to  the 
workman. 

Supposing  the  articles  desired  to  be  gilded  be  brass  or  copper  buttons,  or  small 
articles  for  gilt  toys,  or  ornaments  of  dress,  such  as  ear-rings  or  bracelets,  a  considerable 
■amber  of  which  may  be  strung  on  a  hoop,  or  bended  piece  of  copper  or  brass  wire,  and 
din*^  into  the  vessel  containing  the  boiling  liquid  above  described,  and  moved  therein, 
Ike  requisite  gilding  will  be  generally  obtained  in  from  a  few  seconds  to  a  minute;  this 
it  when  the  liquid  is  in  the  condition  above  described,  and  depending  on  the  quality  of 
tke  gilding  desired;  but  if  the  liquid  hai  been  used  some  time,  the  quantity  of  gold  will 
be  iesteoed,  which  will  vnry  the  time  of  operating  to  produce  a  given  effect,  or  the 
eok>r  required,  all  which  will  quickly  be  observed  by  the  workman;  and  by  noting 
tke  appearance  of  the  articles  from  time  to  time,  he  will  know  when  the  desirc^l  object 
is  obuined,  though  it  is  desirable  to  avoid  as  much  as  possible  taking  the  articles  out  of 
tke  liquid. 

When  the  operation  is  completed,  the  workman  perfectly  washes  the  articles  so  gilded 
wiik  elean  water;  they  may  then  be  submitted  to  the  usual  process  of  coloring. 

If  the  articles  be  cast  figures  of  animals,  or  otherwise  of  consideiable  weight,  comparA 
with  the  articles  above  mentioned,  the  time  required  to  perfocm  the  process  will  be 
gmler. 

In  ca«e  it  is  desired  to  produce  what  is  called  a  dead  appearance,  it  may  be  performed 
by  several  processes:  the  one  usually  employed  is  to  dead  the  articles  in  the  proce^  of 
cioioing,  as  practised  by  brass-founders  and  other  trades ;  it  is  produced  by  an  acid,  pre- 
pared for  that  purpose,  sold  by  the  makers  under  the  term  **  deading  aquafortis,"  which 
ii  well  understO(xl. 

It  nay  also  be  produced  by  a  weak  solution  of  nitrate  of  mercury,  applied  to  the 
artieles  previous  to  the  gilding  process  as  is  practised  in  the  process  of  gildins  with 
mercury,  previous  to  spreading  the  amalgam,  but  generally  a  much  weaker  solution;  or 
tke  articles  having  been  gilded  may  be  dipped  in  a  solution  of  nitrate  of  mercury,  and 
lebaitted  to  heat  to  expel  the  same,  as  is  practised  in  the  usual  process  of  gilding. 

Ic  is  desirable  to  remork,  that  much  of  the  beauty  of  the  result  depends  on  the  well 
denning  of  the  articles,  and  it  is  better  to  clean  them  by  the  ordinary  processes,  and  nt 
Mee  pass  them  into  the  liquid  to  be  gilded.    See  Gold,  towards  the  end. 

GIN,  or  Geneva,  from  Genttvrt  (juniper),  is  a  kind  of  ardent  spirits  manufactured  in 
Holland,  and  hence  called  Hollands  gin  in  this  country,  to  dUitinguish  it  from  British 
fin.  The  materials  employed  in  the  distilleries  of  Schiedam,  are  two  parts  of  unmalted 
rye  from  Riga,  weighing  about  54  lbs.  per  bushel,  and  one  part  of  malted  bigg, 
weighing  about  37  lbs.  per  bushel.  The  ma^h  tun,  which  serves  also  as  the  fermenting 
tan,  has  a  capacity  of  nearly  700  gallons,  beine  about  five  feet  in  diameter  at  the  mouth, 
ntker  narrower  at  the  bottom,  and  4}  feet  deep ;  the  stirring  apparatus  is  an  oblong 
nelnngnlar  iron  grid,  made  fost  to  the  end  of  a  wooden  pole.  About  a  barnel,  =  36 
gnUons  of  water,  at  a  temperature  of  from  16*^  to  168°  (the  former  heat  beinic  best  for 
tkemoet  hiehly  dried  rye),  are  put  into  the  mash  tun  for  every  \\  cwt.  of  meal,  after 
wkieh  tke  malt  is  introduced  and  stirred,  and  lastly  the  rye  is  added.  Powerful  atcitation 
Ji given  to  the  magma  till  it  becomes  quite  uniform;  a  process  which  a  vigorous  work- 
ami  piqoes  himself  upon  executing  in  the  course  of  a  few  minutes.  The  mouth  of  the 
M  u  immediately  covered  over  with  canvass,  and  further  secured  by  a  close  woo<len  lid,  to 
CMiflne  the  heat;  it  is  left  in  this  state  for  two  hours.  The  contents  being  then  stirred 
ip  ooce  more,  the  irann/partnt  spent  wash  of  a  preceding  mashing  is  first  added,  and  next 
••  mneh  cold  water  as  will  reduce  the  temperature  of  the  whole  to  about  85°  F.  The 
hoc  FhuiderB  yeast,  which  had  been  brought,  for  the  sake  of  carriage,  to  a  doughy  eon- 
Mteace  by  pressure,  is  now  iutroduced  to  the  amount  of  one  pound  for  every  100  gallons 
'<tf  the  mashed  materials. 

Tke  gravity  of  the  frosh  wort  is  usually  from  33  to  38  lbs.  per  Dicas'  hydrometer ;  and 
the  fermentation  is  carried  on  from  48  to  60  hours,  at  the  end  of  which  time  the  attenun- 
tiM  it  from  7  to  4  lbs.,  that  is,  the  specific  gravity  of  the  supernatant  wash  is  from  1007 
to  1-004. 

Tke  distillers  are  indnced  by  the  scarcity  of  beer-barm  in  Holland,  to  skim  off  a  qon»- 
%  of  the  yenst  Uom  the  fermenting  tuns,  and  to  sell  it  to  the  bakers,  whereby  they  ob- 
Hrvet  materially  the  production  of  spirit,  though  they  probably  improve  its  quality,  bf 
psvealinff  its  impregnatifm  with  yeasty  particles ;  an  unpleasant  result  whieh  seidon 
Is  take  ptaoe  in  tke  wkiskey  distilleries  of  tke  United  Kingdom. 
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On  the  third  day  aAer  the  fermenting  tan  is  Mt,  the  wash  containing  the  grains  is  tnas* 

ferred  to  the  still,  and  convened  into  low  wines.  To  every  100  gallons  of  this  liquor,  two 
pounds  of  juniper  herries,  from  3  to  5  yeais  old,  beinff  added  along  with  aboat  one  quarter 
of  a  pound  of  salt,  the  whole  are  put  into  the  low  wine  still,  and  the  fine  Hollands  npirit 
is  drawn  off  by  a  gentle  and  welUregnlatcd  heat,  till  the  magma  becomes  exhausted;  the 
first  and  the  last  products  being  mixed  together;  whereby  a  spirit,  2  to  3  per  cent  aboie 
our  hydrometer  proof,  is  obtained,  posse$9insr  the  peculiar  fine  aroma  of  gin.  The  qua- 
tity  uf  spirit  varies  from  18  to  21  gallons  per  quarter  of  grain;  this  large  prodnct  beiif 
partly  due  to  the  employment  of  the  spent  wash  of  the  preceding  fermentation;  an  widi- 
tion  which  contributes  at  (he  same  time  to  improve  the  flavor. 

For  the  above  instructive  details  of  the  manuricture  of  genuine  Hollands,  I  am 
indebted  to  Robert  More,  Esq.,  formerly  of  Underwood,  distiller,  who,  after  ttndyi^ 
the  art  at  Schiedam,  tried  to  introduce  that  spiiit  into  general  consumption  in  this 
country,  but  found  the  palates  of  our  gin-drinkers  too  much  corrupted  to  relish  so  pure 
a  beverage. 

GINNING,  is  the  name  of  the  operation  by  which  the  filaments  of  cotton  aresepartled 
from  the  seeds.    See  Cotton  Manufacture. 
GLANCE  COAL,  or  anthracite,  of  which  there  are  two  varieties,  the  tlaiytad  the 

conchoidal.   See  Anthracite. 

GLASS  (Verre,  Fr. ;  G/as,  Germ.)  is  a  transparent  solid  formed  by  the  fnucmef 
silicious  and  alkaline  matter.  It  was  known  to  the  Phenicians,  and  constituted  fort 
long  time  an  exclusive  manufacture  of  that  people,  in  consequence  of  its  ingiedieati^ 
natron,  sand,  and  fuel,  abounding  upon  their  coasts.  It  is  probable  that  the  more  ancicot 
Egyptians  were  unacquainted  with  glass,  for  we  find  no  mention  of  it  in  the  writiagi  of 
Moses.  But  according  to  Pliny  and  Strabo,  the  glass  works  of  Sidon  and  Alexudrii 
were  famous  in  their  times,  and  produced  beautiful  articles ;  which  were  ent,  engrared, 
ffilt,  and  stained  of  the  most  brilliant  colors,  in  imitation  of  precious  stones.  The 
Romans  employed  glass  for  various  purposes;  and  have  leA  specimens  in  HercnlaoeqD 
of  window.glass,  which  must  have  been  blown  by  methods  analogous  to  the  modcis. 
The  Phenician  processes  seem  to  have  been  learned  by  the  Crusaders,  and  transferred  to 
Venice  in  the  13lh  century,  where  they  were  long  held  secret,  and  formed  a  loentire 
commercial  monopoly.  Soon  aAer  the  middle  of  the  17th  centur}',  Colbert  enriched 
France  with  the  blown  mirror  glass  manufacture. 

Chance  undoubtedly  had  a  principal  share  in  the  invention  of  this  curious  fabrication, 
but  there  were  circumslRnces  in  the  most  ancient  arts  likely  to  lead  to  it;  such  «5  the 
fusinjj  and  vitrifying  heats  required  for  the  formation  of  pottery,  and  for  the  extraction  of 
metnis  from  their  ores.  Pliny  ascribes  the  origin  of  glass  to  the  fulKiwine  accidwL 
A  mercliant-ship  laden  with  natron  beini?  driven  upon  the  coast  at  the  month  of  the  rivet 
Belus,  in  tempest  nous  weather,  the  ciew  were  compelled  to  cook  their  victuals  a«hof, 
and  hiivini;  placed  lumps  of  the  natron  upon  the  sand,  as  supports  to  the  kettles,  foond 
to  their  surprise  masses  of  transparent  stone  among  the  cinders.  The  sand  of  ihi*  snail 
stream  of  Galilee,  which  runs  from  the  foot  of  Mount  Carmel,  was  in  consequence  sup- 
posed to  possess  a  peculiar  virtue  for  mnkinc  glass,  and  continued  for  ages  to  be  sought 
after  and  exported  to  distant  countries  for  this  purpose. 

Asricola,  the  oldest  auilifr  who  has  written  technically  upon  glass,  describes  furatca 
and  processes  closely  resembling  those  employed  at  the  present  day.  Neri,  Kunck^rl, 
Henckel,  Pott,  Achard,  and  some  other  chemists,  have  since  then  composed  treatises  upoa 
the  subject ;  but  Neri,  iJosc,  Antic,  Loysel,  and  Allut,  in  the  Encyclopedic  Methodiqoet 
are  the  best  of  the  elder  authorities. 

The  window-^lass  manufacture  was  first  begun  in  England  in  1.557,  in  Cnitched  Friirs, 
London  ;  and  fine  articles  of  flint-glass  were  soon  afterwards  made  in  the  Savoy  House, 
Strand.  In  1635  the  art  received  a  great  improvement  from  Sir  Robert  Mansell,  by 
use  of  coal  fuel  instead  of  wood.  The  first  sheets  of  blown  glass  for  lookine  glasses  ao^ 
coach  windows  were  made  in  1(573  at  Lambeth,  by  Venetian  artisans  employed  under  the 
palronaije  of  the  Duke  of  Buckingham. 

The  casting  of  mirror-plates  was  commenced  in  France  about  the  year  1688,  by  Ahft- 
ham  Thevart;  an  invention  which  gave  rise  soon  afterwards  to  the  establishment  of  the 
celebrated  works  of  St.  Gobin,  which  continued  for  neaily  a  century  the  sole  place  where 
this  hiuhly  prized  object  of  luxury  was  well  made.  In  excellence  and  cheapness^ 
French  mirror-plate  has  been,  however,  for  some  time  rivalled  by  the  English. 

The  analysis  of  modern  chemists,  which  will  be  detailed  in  the  course  of  this  article, 
and  the  liirht  thrown  upon  the  manufacture  of  glass  in  general  by  the  accurate  mean<  i»o* 
possessed  ol  purifying  its  several  ingredients,  would  have  brought  the  art  to  the  highest 
state  of  perfection  in  this  country,  but  for  the  vexatious  interference  and  obstmctiun*  of 
our  excise  laws. 

The  researches  of  Berzelius  having  removed  all  doubts  coaeeming  the  acid  eharsettf 
of  silica,  the  general  composition  of  glass  presents  now  no  difficulty  of  eoncepuo** 
This  substance  conustft  of  one  oi  moi«  «t\v^^Vd<(.Vv.  ajre  silioUes  with  bates  of  potii* 
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«Dda,  lime,  oxyde  of  iron,  alumina,  or  oxyde  of  lead ;  in  any  of  which  compounds  we 
can  substitute  one  of  these  bases  for  another,  provided  that  one  alkaline  base  be  left. 
Silica  in  its  turn  may  be  replaced  by  the  boracic  acid,  without  causing  the  glass  to  lose  its 
principal  characters. 

Under  the  title  glass  are  therefore  comprehended  various  substances  fusible  at  a  high 
temperature,  solid  at  ordinary  temperatures,  brilliant,  generally  more  or  less  transparent, 
and  always  brittle.    The  following  chemical  distribution  of  elasses  has  been  proposed. 

1.  Soluble  glass;  a  simple  silicate  of  potash  or  soda;  or  of  both  these  alkalis. 

2.  fiohemian  or  crown  glass ;  silicate  of  potnsh  and  lime. 

3.  Common  window  and  mirror  glass;  silicate  of  soda  and  lime;  sometimes  also  of 
potash. 

4.  Bottle  glass;  silicate  of  soda,  lime,  alumina,  and  iron. 

5.  Ordinary  crystal  glass ;  silicate  of  potash  and  lead. 

6.  Flint  glass;  silicale  of  potash  and  lead ;  richer  in  lead  than  the  preceding. 

7.  Strass ;  silicate  of  potash  and  lead ;  still  richer  in  lead. 

8.  Enamel ;  silicate  and  stannate  or  antimoniate  of  potash  or  soda  and  lead. 

The  glasses  which  contain  several  bases  are  liable*  to  suffer  different  changes  whea 
they  are  melted  or  cooled  slowly.  The  silica  is  divided  among  these  bases,  forming  new 
compounds  in  definite  profwrtions,  which  by  crystallizins:,  separate  from  each  other,  so 
that  the  general  mixture  of  the  ingredients  which  constituted  glass  is  destroyed.  It  be- 
comes then  very  hard,  fibrous,  opaque,  much  less  fusible,  a  better  conductor  of  electricity 
and  of  heat ;  forming  what  Reaumur  styled  devUriJied  glass ;  and  what  is  called  aAer 
him,  Reaumur's  porcelain. 

This  altered  slass  can  always  be  produced  in  a  more  or  less  perfect  state,  by  melting 
the  glass  and  allowini;  it  to  cool  very  slowly;  or  merely  by  heating  it  to  the  softening 
pitch,  and  keepinL'  it  at  this  heat  for  some  time.  The  process  succeeds  best  with  the 
most  complex  vitreous  compounds,  such  as  bottle  glass ;  next  with  ordinar)'  window  glass; 
aod  Ufrtly  with  gla5s  of  potash  and  lead. 

This  property  ought  to  be  kept  constantly  in  view  in  manufacturing  glass.  It  shows 
why  in  makins:  bottles  we  should  fashion  them  as  quickly  as  possible  with  the  aid  of  a 
mould,  and  reheat  them  as  seldom  as  may  be  absolutely  necessar)'.  If  it  be  ofiea  heated 
and  cooled,  the  glass  loses  its  ductility,  becomes  refractory,  and  exhibits  a  multitude 
of  stony  granulations  throusjhout  its  substance.  When  coarse  glass  is  worked  at  the 
cnaineller's  lamp,  it  is  apt  to  change  its  nature  in  the  same  way,  if  the  workman  be  not 
quick  and  expert  at  his  business. 

From  these  faccs  we  perceive  the  importance  of  making  a  careful  choice  of  the  glass 
intended  to  be  worked  in  considerable  masses,  such  as  the  larire  object  glasses  of  tele* 
scopes ;  as  their  annealing  requires  a  very  slow  process  of  refrigeration,  which  is  apt  to 
cause  devitrificd  specks  and  clouds.  For  such  purposes,  therefore,  no  other  species  of 
glass  is  well  adapted  except  that  with  basis  of^  potash  and  lead ;  or  that  with  basis 
of  potash  and  lime.  These  two  form  the  best  flint  class  and  crown  glass;  and  they 
should  be  exclusively  employed  for  the  constructiim  of  the  object  glasses  of  achromatic 
telescopes. 

GLASS-MAKING,  s^nfral  prhiciples  of.  Glass  may  be  defined  in  technical  phrase- 
ology, to  be  a  transparent  homogeneous  com|>ound  formed  by  the  fusion  of  silica  with 
ozydes  of  the  alkaline,  earthy,  or  common  metals.  It  is  usually  colorless,  and  then  re- 
sembles rock  crystal,  but  is  occasionally  stained  by  accident  or  desien  with  colored  me- 
tallic oxydes.  At  common  temperatures  it  is  hard  and  brittle,  in  thick  pieces;  in  thin 
plates  or  threads,  flexible  and  clastic;  sonorous  when  struck;  fracture  conchoidnl,  and 
of  that  peculiar  lustre  cnlled  vitreous;  at  a  red  heat,  becoming  soft,  ductile,  and  plavlic. 
Besides  glass  properly  so  called,  other  bo<lies  are  capable  of  entering  into  vitreous  fusion, 
as  plK»sphoric  acid,  boracic  acid,  arsenic  acid,  as  also  certain  metallic  oxydes,  as  of  lead 
and  antimony,  and  several  chlorides;  some  of  which  are  denominated  glasses.  Impure 
and  opaque  viiriform  masses  are  called  slags ;  such  are  the  productions  of  blast  iron  fur- 
naces and  many  metnllursic  operations. 

Silica,  formerly  styled  the  earth  of  flints,  which  constitutes  the  basis  of  all  commercial 
glass,  is  infusible  by  itself  in  the  strongest  fire  of  our  furnaces;  but  its  vitreous  fusion  is 
easily  effected  by  a  competent  addition  of  potash  or  soda,  either  alone  or  mixed  with 
lime  or  litharge.  The  silica,  which  may  be  regarded  as  belonging  to  the  class  of  acids, 
combines  at  the  heat  of  fusion  with  these  bases,  into  saline  compounds;  and  hence 
glass  may  be  viewed  as  a  siiicafe  of  certain  oxydes,  in  wiiich  the  acid  and  the  base?  exist 
in  equivalent  proportions.  Were  these  proporticms  or  the  quantities  of  the  ba<>es  which 
silica  requires  for  its  saturation  at  the  melting  point,  exactly  ascertained,  we  mi«ht 
readily  determine  beforehand  the  best  proportions  of  materials  for  the  class  manufacture. 
But  as  this  is  far  from  bein?  the  cas#»,  and  as  it  is,  moreover,  not  improbable  that  the 
capacity  of  saturation  of  the  silica  varies  with  the  temperature,  and  that  the  properties 
of  glass  also  vary  with  the  bases,  we  must,  in  the  present  state  of  our  knowledee,  rega- 
late  the  proportions  rather  by  practice  than  by  theory,  though  the  latter  may  throw  an 
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iadinet  liglit  upon  tk»  ratgcct  For  exwB|ile^  a  food  eohriiw  glm  km  bm  faiilf 
wMtHjwm  to  consist  of  72  puis  of  siKcs,  13  parts  of  potash,  aad  10  paita  of  1hm»  ■  Ift 
parts.  If  we  redaee  these  oambers  to  the  eqaivaleat  imtioi^  w  shall  hata  tha  Mkaifaf 
lesttlls  I  taldnf  the  atomie  weighis  as  gi? en  by  BeraeUas. 


This  glass  woald  therefore  hsTe  beea  prohaUy  hetler  eonpaoaded  with  Ifca  Jail  Hoak 
proportions,  to  whieh  it  nearly  approaches*  via.  71*49  siUea,  14-67  palnsh,  awl  •'84  Umi, 
iastead  of  those  gifen  above  as  iu  actnal  coaslHneais. 

The  proportions  in  which  silica  nnites  with  tlia  nlkaliae  aad  other  osydes  «e 
dified  by  the  temperatnre  as  above  staledt  tbe  lower  the  heat,  the  less  tilka  wS  cnto 
ialo  the  ghiss,  and  the  soore  of  the  base  will  hi  general  be  rcqaired.  If  a  glav  wUch 
aoatains  aa  excess  of  alkali  be  exposed  to  a  aineh  higher  temperatan  than  that  sf  is 
ftrBalion,  a  portion  of  the  base  will  be  set  free  to  act  apoa  the  nateriala  of  the  asrtki 
pot,  or  to  be  dissipated  in  fuiaes,  aatil  snch  a  silieale  renauM  as  to  eoostitate  a  po- 
Maeat  glass  eorrespoaduMT  to  that  temperatare.  Heace  the  laaie  Buture  of  HbriUtk 
mtetials  will  yield  very  dilTerent  resalis,  aeeording  to  the  heats  ia  which  it  is  fascd  sol 
wofhed  in  the  glass-hoose )  and  therefore  the  conpositioa  should  ahvaya  he  rcfenihlc  tt 
the  going  of  the  fnraace.  When  a  species  of  glass  which  at  a  high  teaaperatare  AtbsI 
a  transparent  eonbinatioa  with  a  considernble  qanatity  of  lime,  is  kept  for  sow  tiae  li 
fiMoa  at  a  tower  tenperataro,  a  portk>a  of  the  lipie  aniics  with  the  siSea  iato  ansihv 
ooBihinatioa  of  a  scni-Titreons  or  even  of  a  stoay  aspect,  so  as  to  spoQ  the  transpveacy 
of  the  glsss  altogether.  There  is  probably  a  supeisilicnte  and  a  snb^ilieate  Anacd  is 
each  cases ;  the  latter  beiag  aiaeh  the  sMice  fasihie  of  the  two  enapoonds.  Tha  Ben- 
ana's  porcelnia  prodoeed  by  exposbg  bottle  ghtfs  to  a  red  heat  for  94  hoars,  ia  aa  cn» 
pk  of  this  species  of  vitreoas  ehaage,  ia  which  aaw  afllaities  are  exercised  at  a  laa« 
t— psiatara.  Aa  excess  of  siliea,  caascd  by  tha  vaktiliiatkNi  of  aftaliae  aMtter  wlA 
too  strong  iring,  will  bring  on  sanihur  appearsaccs. 

The  specific  gravity  of  glass  varies  from  2*3  to  3-6.  That  of  least  spedfle  gravity  can 
sittx  of  merely  silica  and  potash  fused  together;  that  with  lime  is  somewhat  denser,  sstf 
with  oxrde  of  lead  denser  still.  Plate  glass  made  from  siliea,  soda,  and  lime,  has  a  speci- 
fic cravity  which  varies  Trom  2*50  to  2*6  ;  crystal  or  flint  glass  from  3*0  to  3-6. 

The  power  of  glass  to  resist  the  action  of  water,  alkalis,  acidtt,  air,  and  light,  is  is 
general  the  greater,  the  higher  the  temperature  employed  in  its  manafaclure,  the  nudlet 
the  proportidn  of  its  fluxes,  and  the  more  exact  the  equivalent  ratios  of  its  const itaests. 
When  glass  contains  too  much  alkali,  it  is  partially  soluble  in  water.  Most  crystal  uka 
is  nflected  by  having  water  boiled  in  it  for  a  considerable  time ;  but  crown  glass  beisf 
poorer  in  alkali,  and  containing  no  lead,  resists  that  action  much  longer,  and  is  therefore 
better  adapted  to  chemical  operations.  The  aflSnity  of  glass  fur  water,  or  its  hygrooetrie 
attraction,  is  also  proportions!  to  the  qusntity  of  alkali  which  it  contains.  In  general 
also  potash  glass  is  more  apt  to  become  damp  thsn  soda  glass,  agreeably  to  the  respective 
hf  grometric  properties  of  these  two  alkalis,  and  also  to  the  smaller  proportion  of  sodi 
than  of  potash  requisite  to  form  glass. 

Air  and  light  operate  upon  glass  probably  by  their  oxydising  property.  BInish 
greenish  colored  glasses  become  by  exposure  colorless,  in  consequence  andoaM- 
edly  of  the  peroxydizement  of  the  iron,  to  whose  protoxyde  they  owe  their  tist; 
other  glasses  become  purple  red  from  the  peroxydizement  of  the  manganese.  The  gfaMO 
which  contain  lead,  suffer  another  kind  of  change  in  the  air,  if  solphnreted  hydroces 
be  present ;  the  oxyde  of  lead  is  converted  into  a  solphuret,  il^iih  the  effect  of  rendenig 
the  surface  of  the  glass  opaque  and  iridescent.  The  more  lead  is  in  the  glassy  (kt 
qaicker  does  this  iridescence  supervene.  By  boiling  concentrated  solphnrie  acid  m  s 
gkss  vessel,  or  upon  glass,  we  can  ascertain  its  power  of  resisting  ordinary  me^ 
stnia.  Good  glass  will  remain  smooth  and  transparent ;  bad  glass  will  become  rosgk 
aad  dim. 

The  brittleness  of  nnannealed  glass  by  eban^e  of  temperatnre  Is  sometimes  veiy 
areaf .  I  have  known  a  thick  vessel  to  fly  by  vicissitudes  of  the  atmosphere  alone.  Thii 
defect  may  be  corrected  by  slowly  heating  the  vessel  in  salt  water  or  oil  to  the  hiebest 
pitch  consistent  with  the  nature  of  these  liquids,  and  letting  it  cool  very  slowly.  Withis 
the  limits  of  that  range  of  heat,  it  will,  in  consequence  of  this  treataien^  hear  allenwtioai 
of  temperature  without  cracking  as  bdbre. 

It  has  beea  said  that  glass  made  from  silica  and  nlkalis  nloae  will  not  resist  the  actioi 
of  water,  hat  that  the  additaoa  of  a  little  liaie  it  necessary  for  this  dSetL  la  geasrti 
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pftTts  of  qnartzose  Mnd  require  33  parts  of  dry  carbonate  of  aoda  for  their  Titrifiei- 
and  45  paru  of  dry  carbonate  of  potash.  But  to  make  unchangeable  alkaline  glan^ 
eially  with  potash,  a  smaller  quantity  of  this  than  the  above  should  be  used,  with  a 
▼iolent  heat.  A  small  proportion  of  lime  increases  the  density,  hardness,  and  lustre 
lass ;  and  it  aids  in  decomposing  the  alkaline  sulphates  and  muriates  always  present 
lie  pearlash  of  commerce.  From  7  to  20  parts  of  dry  slaked  lime  have  been  added 
00  of  silica,  with  advantge,  it  is  said,  in  some  German  glass  manufactories,  where 
alkaline  matter  is  soda  ;  for  potash  does  not  assimilate  well  with  the  calcareous 
1. 

many  glass  works  on  the  Continent,  sulphate  of  soda  is  the  form  under  which  alkaline 
er  is  introdoced  into  glass.  This  salt  requires  the  addition  of  8  per  cent,  of  char- 
Co  decompose  and  dissipate  its  acid;  a  result  which  takes  place  at  a  high  heat,  with- 
llie  addition  of  any  lime.  88  pounds  of  quartz-sand,  44  pounds  of  dry  glauber  salt, 
3  pounds  of  charcoal,  properly  mixed  and  fused,  afford  a  limpid,  fluent,  and  workable 
i;  with  the  addition  of  17  pounds  of  lime,  these  materials  fuse  more  readily  into  a 
ie  mass.  If  less  carbon  be  added,  the  fusion  becomes  more  tedious.  The  two  follow- 
iormuls  afford  good  glauber  salt  glass. 

1.  2. 


Sand   100  60*3 

Calcined  sulphate  of  soda     .      .  50  26*8 

Lime   20  10  8 

Charcoal   2-66  2  1 


he  first  mixture  has  been  proved  in  the  looking-glass  manufactory  of  Neuhaus  near 
ina,  and  the  second  by  the  experiments*  of  Kirn.  The  fusion  of  the  first  requires 
if  the  second  21  hours.  The  bluish  green  tinge  which  these  otherwise  beautiful  and 
iant  glasses  possess,  is  not  renrx)veable  by  the  ordinary  means,  such  as  manganese  or 
nic,  which  decolor  alkaline  glass.  When  the  sulphate  of  soda  and  charcoal  are  used 
sailer  proportions,  the  glass  becomes  more  colorless.  The  tinge  is  no  doubt  owing 
le  sulphur  combining  with  the  oxyde  of  sodium,  in  some  such  way  as  in  the  pigment 
tmarint. 

f  a  proper  addition  of  galena  (the  native  sulphuret  of  lead),  to  glauber  salt  and  quarts 
,  without  charcoal,  it  is  said  a  tolerably  good  crystal  glass  may  be  formed.  The 
huric  acid  of  the  salt  is  probably  converted  by  the  reaction  of  tb^sulphuret  of  lead 
sulphurous  acid  ^as,  which  is  disengaged. 

■e  atom  of  sulphuret  of  lead  =  1495*67,  is  requisite  to  decompose  3  atoms  of  sulphate 
Ida  =  2676.  It  is  stated,  on  good  authority,  that  a  good  colorless  glass  may  be  ob- 
id  by  using  glauber  salt  without  charcoal,  as  by  the  following  formula. 


Quartz-sand   ....  100  pounds 

Calcined  glauber  salt      .      .  24 

Lime   20 

Cullet  of  soda  glass       -      -  12 


he  melting  heat  must  be  continued  for  26^  hours.  A  small  quantity  of  the  sand  is 
rved  to  be  thrown  in  towards  the  conclusion  of  the  process,  in  order  to  facilitate  the 
ilsion  of  air  bubbles.  The  above  mixture  will  bear  to  be  blanched  by  the  additioa 
lan^anese  and  arsenic.  The  decomposition  of  the  salt  is  in  this  case  effected  by  the 
,with  which  the  sulphuric  acid  first  combines,  is  then  converted  into  sulphurous  ackL 
dissipated.  Glass  made  in  this  way  was  found  by  analysis  to  consist  of  79  parts  of 
a,  12  lime,  and  9*6  soda,  without  any  trace  of  gypsum  or  sulphuric  acid, 
lauber  salt  is  partially  volatilized  by  the  heat  of  the  furnace,  and  acts  npon  the  arch 
he  dven  and  the  tops  of  the  i>ots.  This  is  best  prevented  by  introducing  at  first  into 
^ts  the  whole  of  the  salt  mixed  with  the  charcoal,  the  lime,  ami  one  fourth  part  of 
saad ;  fusing  this  mixture  at  a  moderate  heat,  and  adding  gradually  aAerwards  the 
tinder  of  the  sand,  increasing  the  temperature  at  the  same  time.  If  we  put  in  the 
Je  ingredients  together,  as  is  done  with  potash  i^lass,  the  sand  and  lime  soon  fall  to 
liottom,  while  the  salt  rises  to  the  surface,  and  the  combination  becomes  difficult  and 
inal. 

itphate  of  potash  acts  in  the  same  way  as  sulphate  of  soda. 

[ariate  of  soda  also,  according  to  Kim,  may  be  used  as  a  glass  flux  with  advantage, 
most  suitable  proportions  are  4  parts  of  potash,  2  of  common  salt,  and  3  of  lime^ 


«ftbly  to  the  following  compositions 

1.  2. 

Quartz-sand                                        60*0  76*1 

Calcined  carbonate  of  potash     -      -       17-8  19-1 

Common  salt  8-9  9*5 

Lime  13*8  l^t 
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Fm  No.  1,  die  ndtmg  bemt  urnft  be  10  howB,  whiek  tmt  o«t  a  vcrj  porcy 
g|aM{  for  No.  2,  23  hoora  of  the  fanuiee  are  required.  Isitefld  of  the 
tall  may  be  sabttimted ;  ihe  proporiioos  being  thea  19*1  glaabcr  nit,  9-5 
•oda,  14-3  lime,  76*1  sand,  and  1-3  eharcoal. 

The  oiyde  of  lead  it  an  etteniial  eoottitaeat  of  the  denter  flnte%  aad  mtj 
ad  at  replacinf  the  lime,  to  as  to  form  with  Ihe  qoarta-mnd  a  tOfieale  oT  lead, 
ktct  bett  with  imrified  pearlnth,  oa  aceooat  eT-lhe  freedoM  of  tUi 
whieh  it  preteat  in  mott  todat. 

lit  atomac  eonttitution  may  be  nt^retented  at  foUowi 


SQicieacad  ... 

OxydeofLead- 

Potath  .... 

Oiydet  of  iron  and  mtngtafte. 

6  atoBt     =  2877- 
1  1394-5 
1               :=  600-0 

66-19 
28-68 
12-13 

69-20 
28-20 

1-40 

4861-5 

100-00 

The  above  annlytit  by  Bertbier  relatet  to  a  tpeeimen  of  the  bett  Eagiith  cnital  ^km, 
perfectly  colorlett  and  free  from  air-bnbblet.  Thit  kind  of  $ltm  may  however  take  lev- 
enl  different  proporliont  of  potath  and  tiliea  to  the  ozyde  of  lead. 

The  compotition  of  minxNT  plate,  at  made  oa  the  Coatiaeat,  it  at  foDowa  >^ 

White  qnarti-tand    800  poaada 

Dry  earbonate  of  toda  -100 

Lime  slaked  in  the  air*  -  -  •  •  -  -  •  48 
Collet,  or  old  glaat       •      -  300 

The  manjcanese  should  not  exceed  one  half  per  cent,  of  the  weight  of  the  toda. 

Optical  giast  reqniret  to  be  made  with  very  peculiar  care.  It  it  of  two  difevat  kiadi; 
aamely,  eroum  gloMM  and  JHtit  gt&u.  The  latter  contaiat  a  considerable  ptoportioa  cf 
lead,  in  order  to  give  it  an  increased  dispersive  power  apoa  the  rays  of  light,  ia  prapir- 
tkm  to  itt  mean  refractive  power. 

Optical  crown  glass  should  be  perfectly  limpid,  and  have  to  little  color,  that  a  pretty 
thick  piece  of  it  niiiy  give  no  appreciable  tinge  to  the  rayt  of  light.  It  shoald  be  ncm|it 
from  strioe  or  veins  as  well  as  air-bubbles,  and  have  not  the  slightest  degree  of  milkioes. 
It  should  moreover  preserve  these  qualities  when  worked  in  considerable  quantities. 
Potash  is  preferable  to  soda  for  making  optical  crown  glass,  because  the  latter  alkali  is 
apt  to  make  a  glass  which  devitiifies  and  becomes  opalescent,  by  long  exposure  to  best 
in  the  annealing  process.  A  simple  potash  silicate  would  be  free  fiom  thi^  defect,  bat  it 
would  be  too  attractive  of  moisture,  and  apt  to  decompose  eventually  by  the  humidity  of 
the  atmosphere.  It  should  therefoie  contain  a  small  quantity  of  lime,  and  as  little  potash 
as  suffices  for  making  a  perfect  slass  at  a  pretty  high  temperature.  It  is  probabh  owisfr 
to  the  high  heats  used  in  the  English  crown  glass  woiks,  and  the  moderate  qnanlity 
alkali  (suda)  which  is  employed,  that  our  crown  glass  has  been  found  to  answer  so  well 
for  optical  purposes. 


Practical  Details  or  the  Manupacture  or  Glass. 

The  Yrnetians  were  the  first  in  modern  times  who  attained  to  any  degree  of  excelteoee 
in  the  art  of  working  i^lass,  but  the  French  became  eventually  so  zealous  of  rivalliai 
them,  particularly  in  the  construction  of  mirrors,  that  a  decree  was  issued  by  the  court 
of  France,  declaring  not  only  that  the  manufacture  of  glass  should  not  derogate  from  the 
dignity  of  a  nobleman,  but  that  nobles  alone  should  be  masters  of  glass-works.  Within 
the  last  30  or  forty  years.  Great  Britain  has  made  rapid  advances  in  this  important  ail, 
and  at  the  present  day  her  pre-eminence  in  every  department  hardly  admits  of  dispute 

There  are  five  different  species  of  glass,  each  requiring  a  peculiar  mode  of  fabrication, 
and  peculiar  materials  :  1.  The  coarsest  and  simplest  form  of  this  manufacture  isbottk 
glass.  2.  Next  to  it  in  cheapness  of  material  may  be  ranked  broad  or  sprtad  icm^ 
g/at«.  An  improved  article  of  this  kind  is  now  made  near  Birmingham,  under  the  name 
of  British  or  German  plate.  3.  Crown  glass  comes  next,  or  window  glass,  formed  in 
large  circular  plates  or  discs.  This  glass  is  peculiar  to  Great  Britain.  4.  Flint  glitf» 
crystal  glass,  or  glass  of  lead.    5.  Plate  or  fine  mirror  glass. 

The  materials  of  every  kind  of  glass  are  vitrified  in  pots  made  of  a  pore  refractofT 
day  ;  the  best  kind  of  which  is  a  species  of  shale  or  state  clay  dug  out  of  the  coal-fonn- 
ation  near  Stourbridge.  It  contains  hardly  any  lime  or  iron,  and  consists  of  silies 
and  alumina  in  nearly  equal  proportions.  The  masses  are  carefully  picked,  bruslied, 
and  groaad  under  edge  iron  wheelt  of  considerable  weighty  and  tifted  throiigh  tiem 
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haTing  20  meshes  in  the  square  inch.  This  powder  is  moistened  with  water  (best  hot), 
mnd  kntfaded  by  the  feet  or  a  loam-mill  into  a  uniform  smooth  paste.  A  lar^^e  body  of 
this  ilough  should  be  made  up  at  a  time,  and  laid  by  in  a  damp  cellar  to  ripen.  Pre- 
▼iously  to  working  it  into  shapes,  it  should  be  mixed  with  about  a  fourth  of  its  weight  of 
cement  of  old  pots,  ground  to  powder.  This  mixture  is  sufficiently  plastic,  and  being 
less  contractile  by  heat,  forms  more  solid  and  durable  vessels.  Glass-liouse  pots  have 
the  fixure  of  a  truncated  cone,  with  the  narrow  end  undermost ;  those  for  bottle  and 
window-slass  being  open  at  top,  about  30  inches  diameter  at  bottom,  40  inches  at  tke 
mouth,  and  40  inches  deep;  but  the  flint-glass  pots  are  covered  in  at  top  with  a  dome-cap, 
having  a  mouth  at  the  side,  by  which  the  materials  are  introduced,  and  the  class  is  ex- 
tracted. Bottle  and  crown-house  pots  are  from  3  to  4  inches  thick ;  those  for  flint-houses 
are  an  inch  thinner,  and  of  proportionally  smaller  capacity. 

The  well-mixed  and  kneaded  dough  is  first  worked  upon  a  board  into  a  cake  for 
the  bottom ;  over  this  the  sides  are  raised,  by  laying  on  its  edges  rolls  of  clay  above 
each  other  with  much  manual  labor,  and  careful  condensation.  The  clay  is  made 
into  lumps,  is  equalized,  and  slapped  much  in  the  same  way  as  for  making 
PoTTKRY.  The  pots  thus  fashioned  must  be  dried  very  prudently,  first  in  the 
atmospheric  temperature,  and  finally  in  a  stove  floor,  which  usually  borrows  its  heat 
directly  from  the  glass-house.  Before  «€//tag  iht  pot$  in  the  furnace,  they  are  annealed 
during  4  or  5  days,  at  a  red  heat,  in  a  small  reverberatory  vault,  made  on  purpose. 
When  completely  annealed,  they  are  transferred  with  the  utmost  expedition  into  their 
seat  io  the  fire,  by  means  of  powerful  tones  supported  on  the  axle  of  an  iron-wheel 
carriage  frame,  and  terminating  in  a  lone  lever  for  raising  th^m  knd  swinging  them 
round.  The  pofsetiing  is  a  desperate  service,  and  when  unskilfully  conducted  without 
due  mechanical  aids,  is  the  forlorn  hope  of  the  glass-founder. — Quaqiu  ipie  iniierrima 
vidL  The  celebrated  chemist,  Dr.  Irvine,  caught  his  last  illness  by  assisting  imprudently 
at  this  formidable  operation.  The  working  breast  of  the  hot  furnace  must  be  laid  bare 
■o  as  to  open  a  breach  for  the  extraction  of  the  faulty  pot,  and  the  insertion  of  the  fresh 
one,  both  in  a  state  of  briuht  incandescence.  It  is  frightful  to  witnesji  the  eyes  and 
fuminc  visages  of  the  workmen,  with  the  blackening  and  smoking  of  their  scorched  wool- 
Jea  clothes,  exposed  so  long  to  the  direct  radiations  of  the  flame.  A  light  mask  and  sack 
dref>s  coated  with  tinfoil,  would  protect  both  their  faces  and  persons  from  any  annoyance, 
at  a  very  cheap  rate. 

The  elass-houses  are  usually  built  in  the  form  of  a  cone,  from  00  to  100  feet  high, 
and  from  50  to  80  feet  in  diameter  at  the  base.  The  furnace  is  constructed  in  the  centre 
of  the  area,  above  an  arched  «»r  groined  gallery  which  extends  across  the  whole  space,  tfnd 
terminates  without  the  walls,  in  large  folding  doors.  This  cavern  must  be  sufiliciently  high 
to  allow  laborers  to  wheel  out  the  cinders  in  their  barrows.  The  middle  of  the  vaulted 
top  is  leA  open  in  the  building,  and  is  covered  over  with  the  grate-bars  of  the  furnace. 

1.  Bo'tU  glass. — The  bottle-house  and  its  furnace  resemble  nearly  /ig,  505.  The  fur- 
nace is  usually  an  oblong  square  chamber,  built  of  large  fire-bricks,  and  arche<l  over  with 
fire-stone,  a  silicious  grit  of  excellent  quality  extracted  from  the  coal  measures  of  New- 
castle. This  furnace  stands  in  the  midiJIe  of  the  area;  and  has  its  base  divided  into  three 
Cftmpartments.  The  central  space  is  occupied  by  the  grate-bars ;  and  on  either  side  is 
the  platform  or  fire-brick  siege  ( seat),  raised  about  12  inches  above  the  level  of  the  ribs 
upon  which  the  pots  rest.    Each  siege  is  about  3  feet  broad. 

In  the  sides  of  the  furnace,  semi-circular  holes  of  about  a  foot  diameter  are  left  oppo- 
site to,  and  a  little  above  the  top  of  each  pot,  called  working  holes,  by  which  the  work- 
men shovel  in  the  material*,  and  take  out  the  plastic  glass.  At  each  aneleof  the  furnace 
there  is  likewise  a  hole  of  about  the  same  size,  which  communicates  with  the  calcining 
furnace  of  a  cylindrical  form,  dome-shaped  at  top.  The  flame  that  escapes  from  the  found- 
iog  or  pot-furnace  is  thus  economically  brought  to  reverberate  on  the  raw  materials  of  the 
bottle  glass,  so  as  to  dissipate  their  carbonaceous  or  volatile  impurities,  and  convert  them 
into  a  frit.  A  bottle-house  has  generally  eight  other  furnaces  or  fire-arches;  of  whish 
six  are  used  (or  annealing  the  bottles  after  they  are  blown,  and  two  for  annealing  the 
pots  before  setting  Ihetn  in  the  furnace. 

The  laws  of  this  country  idl  lately  prohibited  the  use  for  making  common  bottles  of 
any  fine  materials.  Nothine  but  the  common  river  sand,  and  soap-boilers'  waste,  was 
allowed.  About  3  parts  of  waste,  consisting  of  the  insoluble  residuum  of  kelp,  mixed 
with  lime  and  a  little  saline  substance,  were  used  for  1  part  of  sand.  This  waste  was  first 
of  all  calcined  in  two  of  the  fire  arches  or  reverberatories  reserved  for  that  purpose,  called 
the  coarse  arches,  where  it  was  kept  at  a  red  heat,  with  occasional  stirring,  from  24  to  30 
hours,  being  the  period  of  a  jt»urney  or  jountie,  in  which  the  materials  could  be  melted 
and  worked  into  bottles.  The  roasted  soap-waste  was  then  withdrawn,  under  the  name 
of  ashes,  from  its  arch,  coarsely  ground,  and  mixfd  with  its  proper  proportion  of  sand. 
This  mixture  was  now  put  into  the  fine  arch,  and  calcined  during  the  working  joar- 
ney,  which  extended  to  10  or  12  hours.   Whenever  the  poU  were  worked  oat,  that  frit 
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wm  maMdisldy  tnuiferred  uto  ihcm  im  Hs  iniled  ftale,  nd  Ike  famm^w  fntm 
proceeded  with  tiicb  despatch  thmt  this  first  charge  of  ■Mterials  was  cocapletelj 
down  ia  6  hoars,  so  that  the  poU  might  admit  to  be  filled  ap  acaia  with  the  secoad  rkarip 
of  frit,  which  was  foondcd  in  4  boon  more.  The  heat  was  brvkfr  eoatiaaed,  and  in  tk 
eonrae  of  from  12  to  18  boars,  aceordiag  to  the  siie  of  the  poCs,  the  qaalify  of  tk 
fod,  aad  the  draught  of  the  fornaee,  the  TitrificatioB  was  eoatplrte.  Belure  blovmff  Ike 
bottles,  howe?er,  the  class  mast  be  left  to  settle,  aad  to  cool  dowa  to  the  bkiwias  eoa- 
sistencr,  by  shotting  the  cave  doors  and  feeding  holes,  so  as  to  esclode  the  air  fran  the 
fire-graie  and  the  bottom  of  the  hearth.  The  glass  or  meUl  becomes  more  dea«e,  tsd 
by  its  sabsideace  throws  ap  the  foreign  lighter  earthy  aad  saline  matters  ia  the  fura  d 
a  scorn  on  the  sorface,  which  is  removed  with  skimmine  irons.  The  fnraace  '»  wow 
ehanred  with  coal,  to  enable  it  to  afford  a  working  heat  for  4  or  5  hoars,  at  the  eul  of 
which  time  more  foel  is  cautiously  added,  to  preserre  adeqoate  heat  for  finishiag  the 
ymmey. 

It  is  hardljr  possible  to  eonTeyin  words  alone  a  correct  idea  of  the  manipalations  ■ecef> 
sary  to  the  fomidtion  of  a  wine  bottle ;  bat  as  the  manofacturers  make  no  myMery  of  Ihii 
mailer,  any  person  may  have  an  opportoniiy  of  inspecting  the  operation.  Six  people  uc 
empkiyed  at  this  task  ;  one,  called  a  gatherer,  dips  the  end  of  aa  iron  tube,  aboat  f  tc  fcet 
long,  preTioasly  made  red-hot,  into  the  pot  of  melted  me/a/,  tarns  the  rod  roand  m  » II 
sorrouod  it  with  glass,  lifts  it  out  to  cool  a  little,  and  then  dips-and  tarns  it  roand  agiia; 
and  so  in  saccession  till  a  ball  is  formed  on  its  end  saffident  to  make  the  required  botlk. 
He  then  hands  it  to  the  blower,  who  rolls  the  plastic  lamp  of  glass  on  a  smooth  stoae  « 
casi-iron  plate,  till  he  brings  it  to  the  Tery  end  of  the  tube ;  be  nest  inirodoeet  the 
pear-shaped  ball  into  an  open  brass  or  cast-iron  moaM,  shots  this  together  by  pressing  • 
pedal  with  his  foot,  and  holding  hb  tube  Tertically,  blows  through  it,  so  as  to  expasd  the 
coolinir  elass  into  the  form  of  the  mouki.  WhencTcr  he  takes  his  foot  from  the  pedal-lem, 
the  mould  spontaneously  opens  out  into  two  halves,  and  falls  ssunder  by  its  bottf>m  hiife. 
He  then  lifts  the  bottle  up  at  the  end  of  the  rod,  and  transfers  it  to  the  finisher,  who^ 
touching  the  glass  tube  at  the  end  of  the  pipe  with  a  coM  iron,  cracks  off  the  hoilk 
smoothly  at  its  mouth-ring.  The  finished  bottles  are  immediately  piled  ap  in  the  hot  aa- 
nealing  arch,  where  they  are  afterwards  allowed  to  cool  slowly  for  24  boors  at  least.  Set 
Bottle  Mould. 

2.  Broad  or  spread  window-glass, — ^This  kind  of  glass  is  called  inferior  window-gkai^ 
in  this  country,  because  coarse  in  texture,  of  a  wavy  wrinkled  surface,  and  very  chetp, 
but  on  the  Conlinent  spread  window-glass,  being  made  with  more  care,  is  moeh 
better  than  ours,  though  still  far  inferior  in  transparency  and  polish  to  crown  class, 
which  has,  therefore,  nearly  superseded  its  use  amone  us.  But  Messrs.  Chance  and 
Hartley,  of  West  Bromwich  near  Birmingham,  have  of  late  years  mounted  a  spread  slass 
work,  where  they  make  British  sheet  glass^  upon  the  best  principles,  and  turn  out  aa  ar- 
ticle quite  equal,  if  not  superior,  to  anything  of  the  kind  made  either  in  France  or  Bel- 
gium. Their  materials  are  those  used  in  the  crown-glass  manufacture.  The  Titriftiag 
mixture  is  fritted  for  20  or  30  hours  in  a  reverberatory  arch,  with  considerable  stirriag 
and  puddling  with  long-handled  shovels  and  rakes;  and  the  frit  is  then  transferred  by 
shovels,  while  red  hot,  to  the  melting  pots  to  be  founded.  When  the  glass  is  richtiy 
vitrifird,  settled,  and  broucht  to  a  working  heat,  it  is  lifted  out  by  iron  tubes,  as  will  be 
described  under  the  article  Crown  Glass,  blown  into  pears,  which  being  donated 
into  cylinders,  are  cracked  up  along  one  side,  parallel  to  the  axis,  by  touching  them  with 
a  cold  iron  dipped  in  water,  and  are  then  opened  out  into  sheets.  Glass  cylinders 
are  spread  in  PVance,  and  at  West  Bromwich,  on  a  bed  of  smooth  stone  Paris-plaster, 
or  laid  on  the  bottom  of  a  reverberator}'  arch ;  the  cylinder  being  placed  on  its  side 
horizontally,  with  the  cracked  line  uppermost,  eradually  opens  out,  and  flattens  os  the 
hearth.  At  one  time,  thick  plates  were  thus  prepared  for  subsequent  polishing  into  mir- 
rors; but  the  glass  was  never  of  very  good  quality  ;  and  this  mode  of  making  mirror-pkte 
has  accordingly  been  generally  abandoned. 

The  spreading  furnace  or  oven  is  that  in  which  cylinders  are  eipanded  into  table*  or 
plates.  It  ought  to  be  maintained  at  a  brisk  red  heat,  to  facilitate  the  softenine  of  tie 
glass.  The  oven  is  placed  in  immediate  connexion  with  the  annealing  arch,  so  that  the 
tables  may  be  readily  and  safely  transferred  from  the  former  to  the  latter.  Sometiaief 
the  cylinders  are  spread  in  a  large  mufRe  furnace,  in  order  to  protect  them  from  beiif 
tarnished  by  sulphureous  and  carbonaceous  fumes. 

Fig.  500  represents  a  ground  plan  of  both  the  spreading  and  annealing  furnace;  jff> 
501  is  an  oblonif  profile  in  the  direction  of  the  dotted  line  x  x,/g.  500. 

a  is  the  fire-place;  b  b  the  canals  or  flues  through  which  the  flame  rises  intobodi 
fornaces ;  c  the  spreading  furnace,  upon  whose  sole  is  the  spreading  slab,  d  is  the  cool- 
ing and  annealing  oven ;  e  e  iron  bars  which  extend  obliquely  across  the  annealiaf  arch, 
and  serve  for  resting  the  glass  tables  asainst,  during  the  cooling,  //the  cbania 
akmg  which  the  previously  cracked  cylinders  are  slid,  so  as  to  be  gntdwily  wanned} 
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Ike  opening  io  the  spreading  farnaee,  for  enabling  the  workmen  to  regulate  the  peo^ 


n ;  A  a  door  in  the  annealing  arch,  for  introducing  the  tools  requisite  for  raising  up 
id  removing  the  tables. 

In  furming  glass-plates  by  the  extension  of  a  cylinder  into  a  plane,  the  workman  iSret 
ywi  the  lump  of  glass  into  the  shape  of  an  oblong  pear,  the  length  of  which  must  be 
erly  equal  to  the  length  of  the  intended  plate,  and  its  diameter  such,  that  the  circum- 
rence,  when  develops,  will  be  equal  to  the  breadth  of  the  plate.  He  now  rests  the 
)wiog  iron  on  a  stool  or  iron  bar,  while  an  assistant,  with  a  pointed  iron,  pierces  a  hole 
Io  the  extreme  end  of  the  pear,  in  the  line  of  the  blowing-pipe.  This  opening  is  then 
Urged,  by  introducing  the  blade  of  a  pair  of  spring-long?,  while  the  glass  is  turned 
■nd;  and  by  skilful  management,  the  end  of  the  pear  is  eventually  opened  out  into  e 
liedrical  mouth.  The  workman  next  mounts  upon  a  stool,  and  holds  the  blowintr-iron 
rpendicularly.  The  blown  cylinder  is  now  cracked  off,  a  punto  rod  of  iron  havinsrbeen 
mously  stuck  to  its  one  end,  to  form  a  spindle  fur  working  the  other  by.  Thi»  rod  has 
let  disc  on  its  end,  or  three  prongs,  which  being  dipped  in  melted  glass,  are  applied  to 
t  mouth  of  the  cylinder.  By  this  as  a  handle,  the  glass  cone  is  carried  to  the  fire,  and 
i  narrow  end  being  heated,  is  next  opened  by  spring  tongs,  and  formed  into  a  cylinder 
the  same  size  as  the  other  end.  The  cylinder,  thus  equalized,  is  next  cracked  or  slit 
«n  in  its  side  with  a  pair  of  shears,  laid  on  a  smooth  copper  plate,  detached  from  the 
a  rod,  spread  out  by  heat  into  a  plane  surface,  and  finally  annealed.  This  series  of 
jisformatiuns  is  represented  in  fig,  50*2,  at  a,  b,  c,  d,  b,  p,  g,  h. 
Ftg4.  503  and  504  represent  a  Bohemian  furnace  in  which  excellent  white  window 
M  is  founded.  Ftg.  503  is  a  longitudinal  section  of  the  glass  and  annealing  furnace, 
f.  504  is  the  ground  plan,  a  is  the  ash-pit  vaulted  under  the  sole  of  the  furnace ;  the 
splace  itself  is  divided  into  three  compartments ;  with  a  middle  slab  at  d,  which  is  hol- 
red  in  the  centre,  for  collecline  any  split  glass,  and  two  hearth  tiles  or  slabs  b  b,   c  e 


iag  and  annealing  the  new  pots  before  they  are  set. 
The  cooling  or  annealing  arch,  or  leer,  is  oAen  built  independent  of  the  glass-houie 
uce,  is  then  heated  by  a  separate  fire-place,  and  constructed  like  a  very  long  rever- 
mtory  furnace.   See  Copper. 

rhe  leer  pans  or  trays  of  sheet-iron,  are  laid  upon  its  bottom  in  an  oblong  series,  and 
iked  to  each  other. 

L  Croum^lass. — ^The  crown-glass  houae  with  its  furnace  is  represented  in  fig,  O0ft» 
ere  the  blowing  operation  is  shown  on  the  one  side  of  the  figure,  and  the  fiashing  oa 
other.   The  furnace  is  usually  constructed  to  receive  4  or  6  pots,  of  such  dimeiu 
u  Co  make  about  a  ton  of  glass  each  at  a  time.  There  are,  however,  aeveral  gi^ 


are  the  draught  or  air  holes ;  e  e  are 
arches  upon  which  the  bearing  slabs 
/ /  partly  rest.  In  the  middle  be- 
tween these  archef:,  the  flame  strikes 
upwards  upon  the  pots  g  g,  placed 
as  closely  together  as  possible,  lor 
economy  of  room.  A  is  the  breast 
wall  of  the  furnace;  Ufig-  ^04,  the 
opening  through  which  the  pots  are 
introduced;  it  is  bricked  up  as  soon 
as  they  are  set.  k  k,  in  the  base  of 
the  cone  or  dome  of  the  furnace; 
/  /  /,  the  working  orifices,  which 
are  made  larger  or  smaller  accord- 
ing to  the  size  of  the  glass  articles 
to  be  made,  m  is  the  Sue  which 
leads  to  the  annealing  stove  n,  with 
an  aiched  door.  Exterior  to  this, 
there  is  usually  a  drying  kiln  not 
shown  in  the  figure ;  and  there  are 
adjoining  stoves  called  arches^  for 
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sidiary  fanaces  to  «  crown-Konse.  1. 


505 


A  reverberatory  fornaee  or  calcar,  for  ealeiaiogv 
fritting  the  materials ;  2.  a  blov- 
ing faroace,  for  blowing  the  peir- 
shaped  balls,  made  at  the  pot- 
holes, into  large  globes;  3.  a 
flashing  furnace,  and  bottoming 
hole  for  oommanicating  a  soAcs- 
ing  heat,  in  expanding  the  elobe 
into  a  circular  plate;  4.  the 
annealing  arch  for  the  finished 
tables ;  5.  the  reverberator)-  0Te> 
for  annealing  the  pots  prior  to 
their  being  set  upon  the  fouodiog 
fiege. 

The  materials  of  crown  eltsi 
used  to  be,  fine  sand,  by  met$are 
6  parts,  or  by  weight  10 ;  gruoiid 
kelp  by  measure  11  parts,  or  bf 
weight  16i;  but  instead  of  kdp, 
soda  ash  is  now  generally  eoiplojei 
From  6  to  8  cVu.  of  sand,  lioe, 
and  soda-ash,  mixed  together  n 
wooden  boxes  with  a  shovel,  are  thrown  on  the  sole  of  a  large  reverberatory,  such  ai  ii 
represented  in  the  article  Copper.  Here  the  mixture  is  well  worked  t«igether,  with  iniB 
paddles,  flat  shovels,  and  rakes  with  long  handles ;  the  area  of  this  furnace  beinf^  aboat 
6  feet  9quare,  and  the  height  2  feet.  The  heat  soon  brings  the  materials  to  a  pasty  coa- 
sislence,  when  they  must  be  diligently  turned  over,  to  favor  the  dissipation  of  the  carboa, 
sulphur,  and  other  volatile  matters  of  the  kelp  or  soda  ash,  and  to  incorporate  the  fixed 
ingredients  uniformly  with  the  sand.  Towards  the  end  of  three  hours,  the  fire  is  con- 
siderably raised,  and  when  the  fourth  hour  has  expired,  the  fritting  operation  is  finished. 
The  mass  is  now  shovelled  or  raked  out  into  shallow  cast-iron  square  cases,  smoothed 
down,  and  divided,  before  it  hardens  by  cooling,  into  square  lumps,  by  cross  sections  with 
the  spade.  These  frii-bricks  are  afterwards  piled  up  in  a  large  apartment  for  use;  aad 
have  been  supposed  to  improve  with  age,  by  the  efi9orescence  of  their  saline  constilueati 
into  carbonate  of  soda  on  their  surface. 

The  foundins-pols  are  filled  up  with  these  blocks  of  frit,  and  the  furnace  is  powerfully 
urged  by  opening?  ail  the  sublerranem  passages  to  its  grate,  and  closing  all  the  doocs 
and  windows  of  the  glass-house  itself.  After  8  or  10  hours  the  vitrification  has  ojtde 
such  progress,  and  the  blocks  first  introduced  are  so  far  melted  down,  that  another  charge 
of  frit  can  be  thrown  in,  and  thus  the  pot  is  led  with  frit  till  the  proper  quantity  is  used. 
In  about  16  hours  the  vitrification  of  the  frit  has  taken  place,  and  a  considerable  quaoti- 
ty,  amounting  often  to  the  cwt.  of  liquid  saline  matter,  fl  ats  over  the  glass.  This  salt  is 
carefully  skimmed  olf  into  iron  pots  with  long  ladles.  It  is  called  Sandiver  or  Gla$s-)|:all, 
and  consists  usually  of  muriate  of  soda,  with  a  little  sulphate.  The  \toi  is  now  ready  for 
receiving  the  topping  of  cullef,  which  is  broken  pieces  of  window  glass,  to  the  amount  of 
3  or  4  cwis.  This  is  shovelled  in  at  short  intervals;  and  as  its  pressure  foices  up  the 
residuary  saline  matter,  this  is  removed;  for  were  it  allowed  to  remain,  the  body  of  the 
glass  would  be  materially  deteriorated. 

The  heat  is  siiil  continued  for  several  hours  till  the  glass  is  perfect,  and  the  extricalioo 
of  gas  called  the  twil,  which  accompanies  the  fusion  of  crown  glass,  has  nearly  terminated, 
when  the  fire  is  abated,  by  shutting  up  the  lower  vault  doors  and  every  avenue  to  the 
grate,  in  order  that  the  glass  may  settle  fine.  At  the  end  of  about  40  hours  altogether, 
the  fire  being  slightly  raised  by  adding  some  coals,  and  opening  the  doors,  the  glass  it 
carefully  skimmed,  and  the  working  of  the  pots  commences. 

Before  describing  it,  however,  we  may  state  that  the  marginal  figure  506  shows  the 

506    base  of  the  crown-house  cone,  with  the 

four  open  pots  in  two  ranges  on  opp««ite 
sides  of  the  furnace,  sitting  on  their  railed 


*i€ge.v,  at  each  side  of  the  grate.  At  one 
side  of  the  base  the  door  of  the  vaolt  b 
shown,  and  its  course  is  marked  by  the 
doited  lines. 

Detailed  description  of  the  crown-glass  fumacfyfign.  507,  508. — It  is  an  obk)ng  jqi«rt> 
built  in  the  centre  of  a  brick  cone,  large  enough  to  contain  within  it,  two  or  three  pott 
at  each  side  of  the  grate  room,  which  is  either  divided  as  shown  in  the  plan,  or  mos  tht 
whole  lenjflh  of  tho  furnace,  as  the  manufacturer  chooses.  Fig.  607  is  a  ground  plaa,  aid 
Jig.  508  a  front  elevation,  of  a  six-pot  furnace.    1,  2,  3,yig.  507,  are  the  workiag  hoki 
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for  the  parposes  of  Tentilation,  of  pultinsr  in  the  materials,  and  of  taking  out  the  metal 
to  be  wrought.  4,  5,  6,  7,  are  pipe  holes  for  warming  the  pipes  before  beginning  to  work 
with  them.  8,  9,  10,  are  foot  holes  for  mending  the  pots  and  sieges.  11  is  a  bar  of  iron 
for  binding  the  furnace,  and  keeping  it  from  swelling. 
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The  arch  is  of  an  elliptic  form ;  though  a  barrel  arch,  that  is,  an  arch  shaped  like  the 
half  of  a  barrel  cut  longwise  through  the  centre,  is  sometimes  used.  But  this  soon  gives 
way  when  used  in  the  manufacture  of  crown  glass,  although  it  does  very  well  in  the  clay- 
furnace  used  for  bottle  houses. 

The  best  stone  for  building  furnaces  is  fire-stone,  from  Coxgreen  in  the  neiRhbor> 
liood  of  Newcastle.  lis  quality  is  a  close  grit,  and  it  contains  a  greater  quantity  of 
talc  than  the  common  fire-stone,  which  seems  to  be  the  chief  reason  of  its  resisting  the 
fire  better.  The  great  danger  in  building  furnaces  is,  lest  the  cement  at  the  top  should 
give  way  with  the  excessive  heat,  and  by  dropping  into  the  pots,  spoil  the  metal.  The  top 
should  therefore  be  built  with  stones  only,  as  loose  as  they  can  hold  together  after  the  cen- 
tres are  removed,  and  without  any  cement  whatever.  The  stones  expand  and  come  quite 
dose  together  when  annealing ;  an  operation  which  takes  from  ei?ht  to  fourteen  days  at 
most.   There  is  thus  less  risk  of  any  thing  dropping  from  the  roof  of  the  furnace. 

The  inside  of  the  square  of  the  furnace  is  built  either  of  Stourbridge  fire-clay  annealed, 
or  the  Newcastle  fire-stone,  to  the  thickness  of  sixteen  inches.  The  outside  is  built  of 
eommon  brick  about  nine  inches  in  thickness. 

The  furnace  is  thrown  over  an  ash-pit,  or  cave,  as  it  is  called,  which  admits  the  atmo- 
spheric air,  and  promotes  the  combustion  of  the  furnace.  This  cave  is  built  of  stone 
until  it  comes  beneath  the  grate  room,  when  it  is  formed  of  fire-brick.  The  abutments 
are  useful  for  bindine  and  keeping  the  furnace  together,  and  are  built  of  masonry.  The 
furnaces  are  stoutly  clasped  with  iron  all  round,  to  keep  them  tight.  In  four-pot  furnaces 
this  is  unnecessary,  provided  there  be  four  good  abutments. 

Fig,  509  is  an  elevation  of  the  flashing  furnace.  The  outside  is  built  of  common  brick^ 
the  inside  of  fire-brick,  and  the  mouth  or  nose  of  Stourbridge  fire-clay. 

Fig.  510  is  the  annealing  kiln.  It  is  built  of  common  brick,  except  round  the  grate 
loom,  where  fire-brick  is  used. 

Few  tools  are  nee<led  for  blowing  and  flashing  crown-glass.  The  requisite  ball  of 
plmstic  glass  is  gathered,  in  successive  layers  as  for  bottles,  on  the  end  of  an  iron  tube,  and 
rolled  into  a  pear-shaiie,  on  a  cast-iron  plate ;  the  workman  taking  care  that  the  air 
blown  into  its  cavity  is'surrounded  with  an  equal  body  of  glass,  and  if  he  perceives  any 
side  to  be  thicker  than  another,  he  corrects  the  inequality  by  rolling  it  on  the  sloping 
iron  table  called  marver,  (marbre).   He  now  heats  the  bulb  in  the  fire,  and  roUs  it  so  at 


to  tbrm  the  gUm  vpon  tbe  end  oT  tbe  tote^  ud     a  datOMi  twtaf  «r  It 

kttgthens  it,  as  shown  w  i,  /If.  611.  To  eiteiid  the  aedk  oT  Hutt  vwr»  be  ant  nil  A 
•vcr  a  MBOoth  iron  rud,  taraed  roand  ia  a  horiaoatal  difaetioa»iBto  the  ehape  J^/f- 
By  faitber  exi>ansioB  ai  the  blowiag-lamaee,  he  now  fariagi  it  to  the  ihapa  i,  it|»> 
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This  sphmid  haTioir  heeome  eool  aad  Moievhat  ittlT,  It  aeil  eanM  to  the  hoMMrilg 
hole  (like  Jig.  509),  to  be  ezpoeed  to  the  actioB  of  flame.  A  Alfikl  vail  credcd  hdhn 
oae  half  of  this  bole,  terceae  the  woriunaa  fhna  the  heat,  bat  leaw  room  ibr  the  |Mi» 
pass  beiweea  it  end  the  poeteriorwall.  The  bhivta|t-plpe  it  BMrieto  net  a  little  aai  %m 
tbe  neck  of  the  globe,  oa  a  book  fixed  ia  the  ihnt  valli  aad  thas  wKf  be  nade  eariN  l»» 
▼dve  on  its  axis,  aad  by  giying  eeatriTngal  foree  to  the  ghibe,  while  the  bottoB  er  |L« 
part  opposite  to  the  pipe,  is  tofteaed  hf  tha  heat,  il  ma  aMmes  the  Ibrai  exhOiMk 
M,  yig.  611. 

In  this  state  the  flattened  globe  is  maored  fttn  the  fire,  aad  its  rod  beiag  rcHelei 
the  easier  box  coTered  with  eoal  eiaderi,aBotlier  worioaaa  aow  applies  the  eiA  of  a  ariU 
iroB  rod  tipped  with  melted  ghiMy  called  a  ptmto^  to  tbe  aipple  or  promiaeBce  ia  the 
Diddle ;  and  thus  atUches  it  to  the  eeatre  of  tbe  globe,  while  tbe  first  workmaa  etacbs 
eff  the  globe  by  toaehiag  its  tabolar  aeck  with  an  iroa  ehisel  dipped  ia  aoU  water.  The 
workman  hsTing  thereby  taken  pofsetsion  of  tbe  globe  by  its  bottom  ot  knobbed  pok 
attached  to  his  panty  rod,  be  now  carries  it  to  eaotber  cirealar  opeaiag,  where  he  eipoM 
it  to  the  actioo  of  BMiderate  flame  with  regular  rotation,  and  thas  skmly  beaU  the  tkicfc 
projecting  remains  of  the  former  neck,  and  opens  it  slightly  oat,  as  shown  at  H,  is 
fig,  611.  He  next  hands  it  to  the  fiather,  who,  resting  the  iron  rod  in  a  hook  pisecd 
near  the  side  of  the  orifice  a,  fig.  509,  wheels  it  rapidly  round  opposite  to  a  powcifal 
flame,  till  it  assumes  first  the  ficuie  o,  and  finally  that  of  a  flat  circular  table. 

The  flashrr  then  walks  off  with  the  table,  keeping  up  a  slight  rotation  as  he  mo?a 
along,  and  when  it  is  sufficiently  cool,  he  turns  down  his  rod  into  a  Tertical  positioS) 
and  lays  the  table  flat  on  a  dry  block  of  fire-clay,  or  bed  of  sand,  when  an  assistait 
aipe  it  off  from  the  punio  with  a  pair  of  long  iron  shears,  or  cracks  it  oflT  with  a  toad 
of  cold  iron.  The  lr)Ose  table  or  plate  is  lastly  lifted  up  horisontally  on  a  double  pronged 
iron  fork,  introduced  into  the  annealinenrch^g.  510 and  raised  on  edge;  an  assistant  witk 
a  long-kneed  folk  preventine  it  from  falling  too  rapidly  backwards.  In  this  arch  a  great 
many  tables  of  slass  are  piled  up  in  iron  frames,  and  slowly  cooled  from  a  heat  of  aboal 
600°  to  100°  F.,  which  takes  about  24  hours;  when  they  are  remoTcd.  A  circular  plats 
or  table  of  about  5  feet  diameter  weighs  on  an  average  9  pounds. 

4.  Flivi  glaxM. — This  kind  of  glass  is  so  called  because  originally  made  with  calcined 
flints,  as  the  silicious  ingredient.  The  materials  at  present  employed  in  this  country 
for  the  finest  flint  class  or  cr)-stal,  are  first,  Lynn  sand,  calcined,  sifted,  and  washed; 
second,  an  oxyde  of  lead,  either  red  lead  or  litharee;  and  third,  pearlash.  The  pearl- 
ash  of  commerce  must  however  be  purified  by  digesting  it  in  a  very  little  hot  water, 
arhich  dissolves  the  carbonate  of  poiash,  and  leaves  the  foreisn  salts,  chiefly  sulphate  of 
potash,  muriate  of  potash,  and  muriate  of  soda.  The  solution  of  the  carbonate  beiag 
allowed  to  cool  and  become  clear  in  lead  pans,  is  then  run  off  into  a  shalk>w  iron  boiler, 
and  evaporated  to  dryness.  Nitre  is  generally  added  as  a  fourth  ingredient  of  the  body 
of  the  glass;  and  it  serves  to  correct  any  imperfections  which  might  arise  from 
accidental  combustible  particles,  or  from  the  lead  being  not  duly  oxjdixed.  The  dm 
four' substances  constitute  the  main  articles;  to  which  we  may  add  arsenic  aad  bms- 
ganese,  introduced  in  very  small  quantities,  to  purify  the  color  and  clear  ap  the 
transparency  of  the  glass.  The  black  oxyde  of  manganese,  when  used  in  sneh  qnastiiy 
only  as  to  peroxydize  the  iron  of  the  sand,  simply  removes  the  green  tinge  caused  by  tks 
iron ;  but  if  more  manganese  be  added  than  accomplishes  that  purpose,  it  will  give  a 
purple  tinge  to  the  itlass;  and  in  fact,  most  manufacturers  prefer  to  have  an  excctf 
rather  than  a  defect  of  mane anese,  since  cut  glass  has  its  brilliancy  increased  by  a  faint 
Iflaeh  hue.  The  arsenic  is  supposed  to  counteract  the  iajnry  arisiag  from  excess  of  tosa- 
faaese,  but  is  itself  very  apt  oa  the  other  band  to  eommanicate  some  degree  of  opaleaeeaci» 
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If  least,  to  iminir  the  lastre  of  the  glass.  When  too  mach  man^nese  has  been 
sd,  the  purple  tinge  may  indeed  be  removed  by  any  carbonaceous  matter,  as  hf 
itling  a  wooden  rod  down  into  the  liquid  glass ;  but  this  cannot  be  done  with  good 
Bt  in  practice,  since  the  final  pivple  tin?c  is  not  decided  till  the  glass  is  perfectly 
Md,  and  then  the  introduction  of  charcoal  would  destroy  the  uniformity  of  the  whole 
mts  of  the  pot. 

lie  raw  materials  of  flint  glass  are  always  mixed  with  about  a  third  or  a  fourth  of 
r  weight  of  broken  crystal  of  like  quality;  this  mixture  is  thrown  into  the  pot 
i  a  shovel ;  and  more  is  added  whenever  the  preceding  portions  by  melting  subside ;  the 
let  being  to  obtain  a  pot  full  of  glass,  to  facilitate  the  skimming  off  the  impurities 

and  sandiver.  The  mouth  of  the  pot 
is  now  shut,  by  applying  clay-lute  round 
the  !»topper,  with  the  exception  of  n 
small  orifice  below,  for  the  escape  of 
the  liquid  saline  matter.  Flint  glass 
requires  about  48  hours  for  its  complete 
vitrification,  though  the  materials  be 
more  fusible  than  those  of  crown  glass ; 
in  consequence  of  the  contents  of  the 
pot  being  partially  screened  by  its  cover 
from  the  action  of  the  fire,  as  also  from 
the  lower  intensity  of  the  heat. 

Fig,  512  represenU  a  flint  glass 
house  for  6  pots,  with  the  arch  or  leer 
on  one  side  for  annealini;  the  crystal 
ware.  In  fig.  513,  the  base  of  the 
cone  is  seen,  and  the  class  pots  m  «t/ii 
on  their  platform  ranged  round  the  cen- 
tral fire  grate.  The  dotted  line  denotes 
the  contonr  of  the  furnace,  yig.  512. 

Whenever  the  glass  appears  fine, 
and  is  freed  from  its  air  bubbles,  which 
it  usually  is  in  about  36  hours,  the 
heat  is  suffered  to  fall  a  little  by  closing 
the  bottom  valves,  &.C.,  that  the  pot 
may  settle ;  but  prior  to  working  the 
metal  the  hehi  la  tomewhat  raitsi  again. 

It  would  be  useless  to  describe  the 
manual  operations  of  fashioning  the. 
ons  articles  of  the  flint-glass  manufacture,  because  they  are  indefinitely  varied  to  suit 
conveniences  and  caprices  of  human  society. 

Tery  different  flint-house  has  a  peculiar  proportion  of  glass  materials. 
t  been  offered  as  good  practical  mixtures. 

1,  Fine  white  sand  - 
Red  lead  or  litharge  - 

Reflned  pearlashes  ..... 

Nitre  ....... 

Arsenic  and  manganese,  a  minute  quantity. 
I  my  opinion,  the  proportion  of  lead  is  too  great  in  the  above  reeipe,  which  is  given 
tbe  authority  of  Mr.  James  Geddes,  of  Leith.    The  glass  made  with  it  wouM  be 
lably  yellowish  and  duIL 

2.  Fine  sand  60*5 

Litharge  27-2 

Refined  pearlashes  (carbonate  of  potash,  with  5  per  cent,  of  water)  17*5 
Nitre      -         .         .         :       \         r      .         -  4-8 

100-0 

aHiese  qnantities  from  30  to  50  parts  of  broken  glass  or  enllec  are  added :  with  about 
iMhoasandth  part  of  manganese,  and  a  three4housandth  part  of  arsenic.    But  maa- 
me  varies  so  extremely  in  its  purity,  and  contains  often  so  much  oxyde  of  iron,  that 
tng  can  be  predicated  as  to  its  quantity  previously  to  trial. 

Payen,  an  eminent  raanufaeturiag  chemist  in  France,  says  that  the  composilioa  of 
Ni  idoef  not  deviate  much  from  the  following  proportions 

Wood  trt.  Catl  tin. 

Silieioas  sand    .....      S  8 

Minium    ......2  2| 

Carbonate  of  potash  •      -      -      -      li  Iff 


The  following 

300  parts. 

200 
80 
20 


BOO  OLABB-MljairG. 

I  eoneeiTe  tliftt  thu  fjltm  eoBteins  too  much  h&A  mwA  polMk.  ftwh  a  nuttrnwiUp^ 
dace  a  dall  metal,  yaj  aUractiTe  of  noistiire  i  dcfeett  to  wluek  llw  Fmeh  tnwm^jim 
alto  it  snfajeeL 

The  flint-glatt  ter  for  annealing  glaat,  it  aa  arehad  gallery  or  large  flac^  aboat  31 
long,  3  feet  hixhy  4  wide ;  having  iu  floor  raited  ahove  2  feet  above  iIm  gnaadef  thi 
glaM-hooiie.  The  hoi  air  and  tmoke  of  a  fire-plaee  at  one  ead  paat  mkmg  thit  gilkq^ 
and  are  diteharged  hf  a  chimney  8  or  10  feet  abort  of  the  otberead.  Oft  the  itarcf  ihi 
Tanlt,  large  iron  traytare  laid  and  hooked  toeaeb  other  iaa  aeriei^ which  are dimva  tea 
the  fire  end  towardt  the  other  by  a  ehaia,  woand  aboat  a  cyliader  liy  a  wiaeb  htadle  p» 
jeeting  through  the  tide.  The  flint-^att  articles  are  placed  ia  their  liot  atale  fartttli 
tray  next  the  fire,  which  it  mored  oowardt  to  a  cooler  ttatioo  whenever  it  it  ilM,  ttl 
an  empty  tray  it  tet  in  itt  place.  That,  ia  the  cowie  of  about  90  hmui^  the  gltH  ai> 
Taocet  to  the  cool  end  thoroaghly  aaaealed. 

Be^idet  colorlett  traatpareot  glatt,  which  formt  the  BMWt  important  pait  ef  tha 
mannfnctore,  Tarioaa  colored  glattet  are  made  to  tait  the  tatte  of  the  pnUic  Tki 
tatte  at  Parit  wat  lately  ibr  opaliae  cryttal  i  which  amy  be  prepared  by  adding  It  tin 
above  composition  (No.  2)  photphate  of  lime,  or  well  bomt  bone  aah  ia  ftae  ponia^ 
wathed  aiid  dried.  The  article  matt  be  at  uniform  ia  thickacaa  at  poatibit^  aid 
tpe«dily  worked  into  thape,  with  a  moderate  heat.  Oxyde  of  tia,  jmlly,  wat  fiamtrlf 
ttted  for  making  opaletcent  glatt,  but  the  lottre  of  the  body  waa  always  ImpaM  by  lb 
meant. 

Cryrtal  vettelt  have  been  made  recently  of  which  the  inner  surface  ia  ealoricsi,aad  il 
the  external  faeett  colored.  Such  workt  are  eatily  neented.  The  end  of  the  Uoviif- 
rod  mutt  be  dipped  firtt  in  the  pot  containing  culorleta  glatt,  to  form  a  bulb  of  a  ctflut 
tize,  which  being  cooled  a  little  it  then  dipped  for  an  iaataat  iato  the  pot  of  eoloiai  gkii. 
The  two  layers  are  astociated  without  intermixtores  aad  when  the  article  is  flniahed  ii 
itt  form,  it  it  white  within  and  culored  without.  Fluted  lines,  somewhat  deeply  cut,  pnt 
through  the  colored  coat,  and  enter  the  colorless  one;  so  that  when  they  eioes^  their  eaii 
atone  are  colored. 

Fur  tome  time  patt,  Ukewite,  variont  cryttal  articlet  have  beea  exhibited  In  the  muket 
with  colored  enamel-fignret  on  their  turfaee,  or  with  white  incruttationt  of  a  ulfery 
luttre  in  their  interior.  The  former  are  prepared  by  placinr  the  enamel  object  ia  tk 
bratt  mouki,  at  the  place  where  it  it  tooght  to  be  attached.  The  bulb  of  glam  beiog  pot 
iato  the  mould,  and  blown  while  very  hot,  the  tmall  plate  of  enamel  gett  cemented  lo  the 
surface.  For  making  the  white  ari^entine  incrustations,  small  figures  are  prepared  vitk 
an  impalpable  powder  of  dry  porcelain  phsle,  cemented  into  a  solid  by  means  of  a  litUe 
gypsum  plaster.  When  these  pieces  are  thoroughly  dried,  they  are  laid  on  the  glas 
while  it  it  rod  hot,  and  a  lar^e  patch  of  very  liquid  glass  is  placed  above  it,  so  as  toenca« 
it  and  form  one  body  with  the  whole.  In  this  way  the  incrustation  is  completely  encJosd; 
and  th"  polished  surface  of  the  crystal,  which  scarcely  touches  it,  giret  g  brilliant  uped, 
pleasini?  to  the  eye. 

A  uniform  llint-glots,  free  from  strife,  or  wreath,  is  much  in  demand  for  the  opticiuL 
It  would  appear  that  such  an  article  was  much  more  commonly  made  by  the  EagltA 
manufacturers  many  years  ago,  than  St  present ;  and  that  in  improving  the  briiliaaej  of 
c^yslal-^'lass  they  have  injured  its  fitness  for  constructing  optical  lenses,  which  depends 
not  so  u.uch  on  its  whitc/iess  and  lustre  as  on  the  layers  of  different  densities  l>eing  parallel 
to  each  other.  The  oxy<|c  of  lead  existing  in  certain  parts  of  a  potful  of  glass  in  greater 
pn)p</r(ion  than  in  other  parts,  inci  eases  the  density  unequally  in  the  same  mass,  so  tiiit 
the  adjoining  strata  are  often  very  different  in  this  respect.  Even  a  potful  of  pretty 
uniform  i;lass,  when  it  stands  some  time  liquid,  becomes  eventually  unequable  by  the  satK 
sidence  of  the  denser  portions;  so  that  striseand  gelatinous  appearances  begin  tomaaifest 
themselves,  and  the  glass  becomes  of  little  value.  Glass  allowed  to  cool  slowly  in  mass  in 
the  pot  is  particularly  full  of  wreath  ;  and  if  quickly  refrigerated,  that  is,  in  two  or  three 
hour<,  it  is  apt  to  split  into  a  multitude  of  minute  splinters,  of  which  no  use  can  be  made. 
For  optical  purposes,  the  glass  must  be  taken  out  in  its  Uquid  state,  being  gathered  oa 
the  end  of  the  iron  rod  from  the  central  portion  of  a  recently  skimmed  pot,  aifter  the  upper 
layers  have  been  worked  off  in  general  articles. 

M.  Guinand,  of  Brennets  near  Geneva,  appears  to  have  hit  upon  processes  that  far- 
nished  almost  certainly  pieces  of  flint-sriass  capable  of  formiog  good  lenses  of  remarkable 
dimensions,  even  of  11  inches  diameter;  of  adequate  density  and  transparency,  and 
nearly  free  from  struB.  M.  Cauchoix,  the  eminent  French  optician,  says,  that  otft  of 
ten  object  glasses,  4  inches  in  diameter,  made  with  M.  Guioand's  flint  glass,  eight  or 
nine  turned  out  very  good,  while  out  of  an  equal  number  of  object  glasses  made  of  the 
flint  u'Ihss  of  the  English  and  French  manufactories,  only  one, or  twoai  most,  were  found 
serviceable.  The  means  by  which  M.  Guinand  arrived  at  these  resultt  have  not  beea 
published.  He  has  lately  died,  and  it  it  not  known  whether  his  ton  be  in  postestkmof 
hit  secret. 
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latic  object  glass  for  telescopes  and  microscopes  consists  of  at  least  two 
le  made  with  glass  of  lead,  or  flint  glass,  and  the  other  with  crown-glass; 
^^essing  a  power  of  dispersing  the  colored  rays  relatively  to  its  mean  refrac- 
uch  greater  than  the  latter;  upon  which  principle  the  achromatism  of  the 
need,  by  reuniting  the  different  colored  rays  into  one  focus.  Flint-glass  to 
delicate  purpose  must  be  perfectly  homogeneous,  or  of  uniform  density 
i  substance,  and  free  from  wavy  veins  or  wreaths ;  for  every  such  inequal- 
asion  a  corresponding  inequality  in  the  refraction  and  dispersion  of  the 
lai  is  perceived  in  l(K>king  through  a  thick  and  thin  solution  of  gum-arabic 
ixed.  Three  plans  have  been  prescribed  for  obtaining  homogeneous  pieces 
ss  :  1.  to  HA  a  mass  of  it  in  laree  ladles,  and  let  it  cool  in  them ;  2.  to 
>m  the  pots  into  moulds;  3.  to  allow  it  to  cool  in  the  pots,  and  afterwards 
1  horizontal  strata.  The  last  method,  which  is  the  most  plausible,  seldom 
of  uniform  density,  unless  peculiar  precautions  have  been  adopted  to  settle 
in  uniform  strata ;  because  its  materials  are  of  such  unequal  density,  the 
having  a  specific  gravity  of  8,  and  silica  of  2*7,  that  they  are  apt  to  stand 
eights  in  the  pots. 

ause  of  these  inequalities  lies  in  the  construction  of  the  furnace,  whereby 
the  pot  is  usually  much  less  heated  than  the  upper  part.  In  a  plate  glass 
?mperature  of  the  top  of  the  pot  has  been  found  to  be  130®  Wedeew.,  while 
K>tlom  was  only  110°,  constituting  a  difference  of  no  less  than  2610°  F. 
7  consequence  is  that  the  denser  particles  which  subside  to  the  bottom, 
ision  of  the  materials,  and  aAer  the  first  extrication  of  the  gases,  must 
,  not -being  duly  agitated  by  the  expansive  force  of  caloric,  acting  from 
Is. 

ation  of  the  best  optical  glass  is  now  made  a  great  mystery  by  one  or  two 
The  following  suggestions,  deduced  from  a  consideration  of  principles,  may 
to  some  improvements,  if  judiciously  applied.  The  great  object  is  to  coun- 
dency  of  the  glass  of  lead  to  distribute  itself  into  strata  of  different  dcnsi- 
nay  be  effected  either  by  mechanical  agitation  or  by  applying  the  greatest 
»ttum  of  the  pot.  But  however  homogeneous  the  glass  may  be  thereby  made, 
;  separation  into  strata  of  different  densities  must  be  prevented  by  rapid 
)lidificaiiun.  As  the  deeper  the  pots,  the  greater  is  the  chance  of  unequal 
ty  in  their  contents,  it  would  be  advisable  to  make  them  wider  and  skal- 
ose  in  use  for  making  ordinary  glass.  The  intermixture  may  be  efifected 
ig  the  glass  out  of  one  pot  into  another  in  the  furnace,  and  back  again,  with 
or  by  stirring  it  up  with  a  rouser,  then  allowing  it  to  settle  for  a  short 
cumes  clear  and  free  from  air  bubbles.  The  poi  may  now  be  removed  from 
n  order  to  solidify  its  contents  in  their  homogeneous  state;  aAer  which  the 
broken  in  pieces,  and  be  perfected  by  subjecting  it  to  a  second  fusion ;  or, 
and  quicker,  we  may  form  suitable  discs  of  glass  without  breaking  down 
lifting  it  out  in  flat  copper  ladles  with  iron  shanks,  and  transferring  the 
little  while  into  the  Annealing  leer. 

To  render  a  potful  of  glass  homogeneous  by  agitation,  is  • 
more  diflicult  task,  as  an  iron  rod  would  discolor  it,  and  a 
copper  rod  would  be  apt  to  melt«  An  iron  rod  sheathed  in 
laminated  platinum  would  answer  well,  but  for  its  expense. 
A  stone-ware  tube  supported  within  by  a  rod  of  iron,  might 
also  be  employed  for  the  purpose  in  careful  hands ;  the  stir- 
rinz  being  repeated  several  times,  till  at  last  the  glass  is 
suflfered  to  stiflfen  a  little  by  decrease  of  temperature.  It 
must  then  be  allowed  to  settle  and  cool,  aAer  which  the  pot, 
being  of  small  dimensions,  may  be  drawn  out  of  th§  fire. 

2.  The  second  method  of  producing  the  desired  uniformity 
of  mixture,  consists  in  applying  a  greater  heat  to  the  bottom 
than  to  the  upper  part  of  the  melting  pot.  Fig,  514  repre- 
sents in  section  a  furnace  contrived  to  eflfect  this  object.  It 
is  cylindrical,  and  of  a  diameter  no  greater  than  to  allow  the 
flames  to  play  round  the  pot,  containing  from  three  to  four 
cwts.  of  vitreous  materials.  A  is  the  pot,  resting  upon  the 
arched  grid  b  a,  built  of  fire-bricks,  whose  apertures  are  wide 
enough  to  let  the  flames  rise  freely,  and  strike  the  bottom  and 
sides  of  the  vessel.  From  H  to  2  feet  under  that  arch,  the 
fuel  grate  c  d  is  placed,  b  c  are  the  two  working  opening* 
for  introducing  the  materials,  and  inspecting  the  progress  of 
the  fusion ;  they  must  be  closed  with  fire-tiles  and  luted  with 
e  beginning  of  the  process.  At  the  back  of  the  furnace,  opposite  the  moath 


of  the  fire-place  there  it «  door-wajr,  which  it  hrkkcd  op,  cmpi  vpoa  eeeawoi  cf 
tiBf  in  aod  lakiog  out  the  pot.  The  draught  is  regulated  by  BMaaa  if  a  sUde-ptele  ipa 
the  mouth  of  the  ash-pit  /.  The  pot  being  heated  to  the  proper  pilch,  mmm  portfri 
pearJasb,  mixed  with  fully  twice  its  weight  of  eolorka^  qaarU  tud,  a  to  be  thmini  im 
It,  and  alter  the  complete  fusion  of  this  miztare,  the  remaiaing  poft  of  tke  oaad  alaog  ^ntk 
the  oxyde  of  lead  (fine  litharge)  is  to  be  strowa  opoo  the  ntftoe.  Thcao  iflicini  p» 
tieles  in  their  descent  serve  tb  extricate  the  air  from  the  mm.  WbcMVor  tho  whritli 
fiised,  the  heat  must  be  stroogly  onred,  to  ensore  a  ooaiplcte  vmUaaaitf  of  oonhiBMHi 
by  the  Internal  motions  of  the  particles.  As  toon  as  the  glaH  has  beea  fimad,  by  maUig 
test  Tials,  to  be  perfectly  fine,  the  fire  most  be  withdimwa,  the  two  workiag  bolee  mai 
be  opened,  as  well  as  the  mooths  of  the  fire>place  and  ash-pit,  to  admit  firoa  fagnm  li 
cooling  currents  of  air,  so  as  to  congeal  the  liquid  mam  as  quickly  as  pooaible  $  a  eoadb* 
tion  essential  to  the  nniibrmity  of  the  glass.  It  may  be  worth  while  to  stir  it  a  Mali 
with  the  pottery  rod  at  the  commencemcBt  of  the  cooling  process.  The  eolidiM  gtoi 
may  be  afterwards  detached  by  a  hammer  in  eonchoSdal  disesy  which,  alter  rhippiagji' 
their  edges,  are  to  be  placed  in  proper  poredaia  or  itoae-ware  dishes,  and  eipjosed  1st 
softening  heat,  in  order  to  give  them  a  lentieolar  shape.  Great  eaie  moat  be  tafcea 
the  heat  thus  applied  by  the  muffle  furnace  be  very  equable,  ftr  ollierwiee  wnMis 
might  be  very  readily  reproduced  in  the  discs.  A  small  orea,  apon  the  ^toa  ef  ■ 
baker's,  is  best  fitted  for  this  purpose,  which  being  heated  to  doll  redacai^  aai  lhm 
extinguished,  is  ready  to  soften  and  afteiwards  anaeaJ  the  eoochoidal  pieecs. 

Guioand's  dense  optical  flint  glass,  of  spedlic  gravity  8*616,  consista,  hf  analysii^tf 
oxyde  of  lead,  43-05 ;  silica,  44-3 ;  and  potash,  11*75{  but  requires  Ibr  iu  formalisa  ite 
ibUowing  ingredients :  100  pounds  of  ground  quarts  |  100  pooada  of.  fine  red  le«lt  M 
pounds  of  purified  potash ;  and  from  2  to  4  pounds  of  saltpetre.  As  thia  apeciea  of  ghm 
ii  injured  by  an  excess  of  potash,  it  shouKl  be  compooaded  with  rather  a  delect  af 
and  melted  by  a  proportionaUy  hiaher  or  looger  heaL  A  good  optical  glasa  baa  hen 
made  in  Germany  with  7  parUof  pore  red  lead,  8  parti  of  lady  groand  qoarti,  aai  S 
parts  of  calcined  borax. 

6.  Plelt  glass. 

This,  like  English  crown-glass,  has  a  soda  fluxt  whereat  flint-glata  reqnirea  polaiL 
and  is  never  of  good  quality  when  made  with  soda.  We  thall  distribute  oar  aceoaat  m 

this  manufacture  under  two  heads. 

1.  The  diffcreiU  furnaces  and  principal  machines,  without  whose  knowledge  it  woaU 
be  impossible  to  understand  the  several  processes  of  a  plate-glass  factory. 

2.  The  materials  which  enter  into  the  CDm|)Osition  of  this  kind  of  glass,  and  the  series 
of  operaliuns  which  they  undergo;  devoting  our  chief  attention  to  the  changes  and  is- 
provements  which  long  experience,  enlightened  by  modern  chemistry,  has  intrcidoced  islo 
the  grent  manufactory  of  Saint-Gobin,  in  France,  under  the  direction  of  M.  Tossaert.  It 
may  however  be  remarked,  that  the  English  plate-glass  manufacture  derives  peculiar 
adrantases  from  the  excellence  of  its  grinding  and  polishing  machinery. 

The  clay  for  making  the  bricks  and  pots  should  be  free  from  lime  and  iron,  and  very 
refractor)-.  It  is^iixed  with  the  powder  of  old  pots  passed  through  a  silk  sieve.  If  the 
clay  he  very  plastic  it  will  bear  its  own  weight  of  the  powder,  but  if  shorter  in  quality, 
it  will  take  only  three  fifths.  But  before  mingling  it  with  the  cement  of  old  pot$,  it  moit 
be  dried,  bruised,  then  picked,  ground,  and  finally  elutriated  by  agitation  with  water, 
decantation  through  a  hair  sieve,  and  subsidence.  The  day  fluid  after  passing  the  sieve 
is  called  slip  (coulis). 

The  furnace  is  built  of  dry  bricks,  cemented  with  slip,  and  has  at  each  of  its  foar 
angles  a  peculiar  anneal int;  arch,  which  communicates  with  the  furnace  interioiiy,  aad 
thence  derives  sufficient  heat  to  effect  in  part,  if  not  wholly,  the  annealing  of  the  {Ibts, 
which  are  always  deposited  there  a  long  time  before  they  are  used.  Three  of  these 
arches,  exclusively  appropriated  to  this  purpose,  are  colled  pot-arches.  The  fourth  is 
called  the  arch  of  the  maUriah,  because  it  serves  for  drying  them  before  they  are  founded. 
Each  arch  has,  moreover,  a  principal  opening  called  the  throat,  another  called  6oncrd^ 
by  the  French  workmen,  through  which  fire  may  be  kindled  in  the  arch  itself,  when  it 
was  thought  to  be  necessary  for  the  annealing  of  the  pots ;  a  practice  now  abandoned 
The  duration  of  a  furnace  is  commonly  a  year,  ur  at  most  14  months;  that  of  the  archd 
is  30  years  or  upwards,  as  they  are  not  exposed  to  so  strong  a  heat. 

In  the  manufacture  of  plate-glass  two  sorts  of  crucibles  are  employed,  called  the 
pots  and  the  basins  (cuvetftM),  The  first  serve  for  containing  the  materials  to  ht 
(bonded,  and  for  keeping  them  a  long  time  in  the  melted  state.  The  cumttes  receive  Cht 
melted  glass  after  it  is  refined,  and  decant  it  out  on  the  table  to  be  rolled  into  a  plato. 
Three  pots  hold  liquid  glass  for  six  small  basins,  or  for  three  large  ones,  the  latter  being 
employed  for  making  mirrors  of  great  dimensions,  that      100  inchei  long  and  op* 
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Fttrnaces  have  been  lately  constructed  with  6  pots,  and  12  c^aTettes,  8  of  which 
(,  and  4  large ;  and  cuvettes  of  three  sizes  are  made,  called  tmaUy  middHngy  and 
The  small  are  perfect  cubes,  the  middling  and  the  large  ones  are  oblong  paimllel- 
Towards  the  middle  of  their  height,  a  notch  or  groove,  two  or  three  inches 
id  an  inch  deep,  is  left,  called  the  girdle  of  the  cuvette,  by  which  part  they  are 
with  the  tongs,  or  rather  are  clamped  in  the  iron  frame.  This  frame  goes  round 
sides  of  the  small  cuvettes,  and  may  be  placed  indifferently  upon  all  their  sides; 
ier  cuvettes,  the  girdle  extends  only  over  the  two  large  sides,  because  they  can- 
med  up.   See  m  T,/ig,  515,  p.  596. 

ot  is  an  inverted  truncated  cone,  like  a  crown  glass  pot.  It  is  abont  30  inches 
I  from  30  to  32  inches  wide,  including  its  thickness.  There  are  only  a  few  inches 
;nce  between*  the  diameter  of  the  top  and  that  of  the  bottom.  The  bottom  is 
thick,  and  the  body  turns  gradually  thinner  till  it  is  an  inch  at  the  mouth  of  the 

rge  building  or  factory,  of  which  the  melting  furnace  occupies  the  middle  spaee, 
the  halle  in  French.  At  Ravenhead  in  Lancashire  it  is  called  the  foundry,  and 
^ilicent  dimensions,  beinc:  probably  the  largest  apartment  under  one  roof  in 
iUin,  since  its  length  is  339  feet,  and  its  breadth  155.  The  famous  halk  of  St. 
174  feet  by  120.  Along  the  two  side  walls  of  the  Kalle,  which  are  solidly  eon- 
3f  hewn  stone,  there  are  openings  like  those  of  common  ovens.  These  ovens, 
for  the  annealing  of  the  newly  cast  plates,  bear  the  name  of  carquaues.  Their 
raised  two  feet  and  a  half  above  the  level  of  the  inround,  in  order  to  bring  them 
fame  horizontal  plane  with  the  casting  tables.  Their  length,  amounting  some- 
30  feet,  and  their  breadth  to  20,  are  required  in  order  to  accommodate  6,  8,  or 
plates  of  glass,  alongside  of  each  other.  The  front  aperture  is  called  the  throat, 
back  door  the  little  throat  (gueuleiie).  The  carquaise  is  heated  by  means  of  a 
of  a  square  form  called  a  Usury  which  extends  along  its  side, 
unding  or  melting  furnace  is  a  square  brick  building  laid  on  solid  foundations, 
m  8  to  10  feet  in  each  of  its  fronts,  and  rising  inside  into  a  vault  or  crown  about 
igh.  At  each  angle  of  this  square,  a  small  oven  or  arch  is  constructed,  likewise 
vithin,  and  communicating  \%'ith  the  melting  furnace  by  square  flues,  called  ^ti- 
rough  which  it  receives  a  powerful  heat,  though  much  inferior  to  that  round  the 
he  arches  are  so  distributed  as  that  two  of  the  exterior  sides  of  the  furnace  stand 
ee,  while  the  two  other  sides,  on  which  the  arches  encroach,  offer  a  free  space 
hree  feet.  In  this  interjacent  space,  two  principal  openings  of  the  furnace,  of 
e  in  each  side,  are  led  in  the  building.  These  are  called  tunnels.  They  are 
for  the  introduction  of  the  pots  and  the  fuel. 

king  throu((h  the  tunnels  into  the  inside  of  the  furnace,  we  perceive  to  the  right 
[  the  left,  along  the  two  free  sides,  two  low  platforms  or  sieges,  at  least  30  inches 
and  breadth.    See  Jigs,  506,  508. 

sieges  (seats)  being  intended  to  support  the  pots  and  the  cuvettes  filled  with 
iterials,  are  terminated  by  a  slope,  which  ensures  the  solidity  of  the  fire-clay 

The  slopes  of  the  two  sieges  extend  towards  the  middle  of  the  furnaee  so  near 
ve  a  space  of  only  from  6  to  10  inches  b^twefo  them  for  the  hs«|th. .  The  end 
i  perforated  with  a  hole  sufliciently  lar^e  to  give  passage  to  the  liquid  glass  of  n 
K)t,  while  the  rest  is  preserved  by  lading  it  from  the  mouth  into  the  adjoining 

two  large  parallel  sides  of  the  furnace,  other  aperture  are  left  much  smaller 
tunnels,  which  arc  called  ourreaux  (peep  holes).  The  lower  ones,  or  the  ouvreaux 
tiled  cuvette  openings,  because,  being  allotted  to  the  admission  of  these  vessels, 
exactly  on  a  level  with  the  surface  of  the  sieges,  and  with  the  floor  of  the  halle. 
■  east-iron  form  the  thresholds  of  these  openings,  and  facilitate  the  ingress  and 
*  the  cuvettes.  The  apertures  are  arched  at  top,  with  hewn  stone  like  the  ton- 
l  are  18  inches  wide  when  the  cuvettes  are  16  inches  broad, 
pper  and  smaller  apertures,  or  the  higher  ouvreaux  called  the  lading  holes,  be- 
ey  serve  for  trans vasing  the  liquid  glass,  are  three  in  number,  and  are  placed  31 
thes  above  the  surface  of  the  sieges.  As  the  pots  are  only  30  inches  high,  it 
easy  to  woric  through  these  openings  either  in  the  pots  or  the  cuvettes.  The 
id  opposite  to  the  two  pillars  which  separate  the  openings,  so  that  a  space  is  left 
them  for  one  or  more  cuvettes  according  to  the  size  of  the  latter.  It  is  obvious 
le  tunnels  and  ouvreaux  were  left  open,  the  furnace  would  not  draw  or  take  the 
founding  heat.  Hence  the  openings  are  shut  by  means  of  fire-tiles.  These  are 
leir  places,  and  removed  by  means  of  two  holes  left  in  them,  in  correspondenee 
two  prongs  of  a  large  iron  fork  supported  by  an  axle  and  two  iron  wheels,  and 
ed  by  two  handles  which  the  woriunen  lay  hold  of  when  they  wish  to  move 

losing  of  the  tunnel  is  more  complez.  When  it  it  drat  or  ready  for  the  fiiiMi^ 
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tbe  tpeitnre  appears  baOt  op  with  brieks  aad  BMNrtar  fttn  tihe  tip  of  the  m3k  to  tk 
middle  of  the  tenoel.  The  remainder  of  the  door-way  it  doted  t  I.  on  the  two  sia 
down  lo  the  bottom,  by  a  small  upright  wall,  likewise  of  briek^  aad  8  inchet  bnt^ 
called  walls  of  the  glmifs  2.  by  ao  assemblage  of  pieces  called  pioeea  of  the  glofi^  Iti 
caose  the  whole  of  the  elosnre  of  the  taonel  bears  the  aame  of  giayc  The  upper  hsh^ 
4  ioehes  sqoare,  it  colled  the  iitmr,  through  which  billets  of  wood  we  tossed  iaitlhi 
Are.  Fuel  is  also  introdaced  into  the  posterior  openiags.  The  fire  it  always  kept  ap  ts 
the  hearth  of  the  tonad,  which  is,  oa  this  aoeoaaty  4  ioches  higher  than  the  faiMM> 
hesrth,  in  order  that  the  glass  which  may  accidentally  fall  down  oa  it^  and  wUtk  dsn 
sot  flow  off  by  the  bottom  hole,  may  not  impede  the  eombastioa.  Should  a  body  of  gha^ 
however,  at  any  time  obstruct  the  grate,  it  mast  be  rcnored  with  lakes^  hf^peaieg  Ik 
taonel  and  dismounting  the  fire4i]e  stoppers  of  the  gbys.  * 

Formeriy  wood  fuel  alooe  was  employed  for  heating  the  mdting-fnniacat  of  Ik 
mirror-plate  manufactory  of  Saint  Gobin;  but  within  these  few  years,  the  Diieelar«f 
the  works  makes  use  with  nearly  equal  adTaotase  of  pit-coaL  lo  the  eaae  etteUUiHtl^ 
two  melting  furnaces  may  be  seen,  one  of  which  is  lued  with  wood,  and  die  other  wtt 
eoals,  without  any  difference  being  perceptible  in  the  quality  of  the  glass  fuaiMIr 
either.  It  is  not  true,  as  has  beea  stated,  that  the  iatrodectioa  of  ^t-coal  hat  aside  i 
accessary  to  work  with  covered  pots  in  order  to  avoid  the  discohiratKHi  of  the  awtwiJii 
or  that  more  alkali  was  required  to  compensate  for  the  dimiaished  heat  la  Che  eonnl 
pots.  They  are  not  now  covered  when  pit-coal  is  used,  and  the  saaie  anceeas  m  oksiHi 
as  heretofore  by  leaving  the  materials  two  or  three  hours  loager  ia  the  pola  aad  Ihecs* 
voltes.  The  coastruction  of  the  furnaces  ia  which  coal  is  bamed,  in  the  same  as  flat 
with  wood,  with  slight  modifications.  Instead  of  the  dose  bottooied  hearth  of  the  wssi 
furnace,  there  is  aa  iron  grate  in  the  coal-hearth  through  which  the  air  catena  aad  As 
waste  ashes  descead. 

When  billets  of  wood  were  used  as  fnd,  they  were  wdl  dried  beforehand,  by  bei^ 
plamd  a  few  days  on  a  frame-work  of  wood  called  the  wheel,  pkced  two  feet  aboie  Ik 
Ibrnace  and  its  arches,  and  supported  on  four  pillars  at  some  distance  from  the  aaglesrf 

the  building.  • 

Compotiiion  of  platt-glau, — ^This  Is  not  made  now,  as  formeriy,  by  random  Irish. 
The  progrem  of  chemistry,  the  discovery  of  a  good  process  for  the  manafaetnre  of  loii 
Ihun  sea  salt,  which  furnishes  a  pure  alkali  of  uniform  power,  and  the  eertaia  metkii 

of  ascertaining  its  purity,  have  rendered  this  department  of  glass-making  almost  entire|f 
new,  in  France.  At  Saint  Gobin  no  alkali  is  employed  at  present  except  artifidil 
crystals  of  soda,  prepared  at  the  manufactory  of  Chauny,  subsidiary  to  that  estaUisb- 
ment.  Leaden  chambers  are  also  erected  there  fur  the  production  of  sulphuric  add 
from  sulphur.  The  first  crop  of  soda  crystals  is  reserved  for  the  plate-glass  maaa^l^ 
ture,  the  other  crystals  and  the  mother-water  salts  are  sold  to  the  makers  of  infoiar 
glass. 

At  the  mirror-plate  works  of  Ravenhead,  near  St.  Helen's  in  Lancashire,  sods  071- 
tals,  from  the  decomposition  of  the  sulphate  of  soda  by  chalk  and  coal,  have  been  iis> 
tried,  but  without  equal  ipccess  as  at  Saint  Gobin ;  the  failure  being  unquestionaUj  die 
to  the  impurity  of  the  alkali.  Hence,  in  the  English  establishment  the  soda  is  obtaiied 
by  treating:  sea-salt  with  pearl-ash,  whence  carbonate  of  soda  and  muriate  of  pots^hr^ 
snlt.  The  latter  salt  is  crystallized  out  of  the  mingled  solution,  by  evaporation  at  a  mod- 
erate heat,  for  the  carbonate  of  soda  does  not  readily  crysUllize  till  the  temperature  of  ibe 
solution  fails  below  60°  Fahr.  When  the  muriate  of  potash  is  thus  removed,  the  alksliBe 
carbonate  is  evaporated  to  dryness. 

Long  experience  at  Saint  Gobin  has  proved  that  one  part  of  dry  carbonate  of  sods  is 
adequate  to  vitrify  perfectly  three  parts  of  line  silicious  sand,  as  that  of  the  monad  of 
Aumont  near  Senlis,  of  Alum  Bay  in  the  Isle  of  Wight,  or  of  Lynn  in  Norfolk.  It 
is  also  known  that  the  degree  of  heat  has  a  great  influence  upon  the  vitrification,  aod 
that  increase  of  temperature  will  compensate  for  a  certain  deficiency  of  alkali;  for  it  is 
certain  that  a  very  strong  fire  always  dissipates  a  good  deal  of  the  soda,  and  yet  the  ghss 
is  not  less  beautiful.  The  most  perfect  mirror-plate  has  constantly  afforded  to  M.  Vss- 
quelin  in  analysis,  a  portion  of  soda  inferior  to  what  had  been  employed  in  its  formatioB. 
Hence,  it  has  become  the  practice  to  add  for  every  100  parts  of  cullet  or  broken  phte 
that  is  mixed  with  the  glass  composition,  one  part  of  alksli,  to  make  up  for  the  lorn  tkt 
the  old  glass  must  have  experienced. 

To  the  above  mentioned  proportions  of  sand  and  alkali  independently  of  the  coUd 
which  may  be  used,  dry  slaked  lime  carefully  siAed  is  to  be  added  to  the  amount  of  one 
seventh  of  the  sand;  or  the  proportion  will  be,  sand  7  cwts.;  quicklime  1  csrL;  diy 
carbonate  of  soda  2  cwts.  and  37  lbs. ;  besides  cullet.  The  lime  improves  the  quality  of 
the  glass ;  rendering  it  less  brittle  and  less  liable  to  change.  The  preceding  qoantitiei 
of  materials,  suitably  blended,  have  been  uniformly  found  to  afford  most  advantageom 
results.  The  practice  formerly  was  to  dry  that  mixture  u  soon  as  it  was  made,  ia  tk 
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wch  for  the  materials,  but  it  has  been  ascertained  that  this  step  may  be  dispensed  with, 
mnd  the  small  portion  of  humidity  present  is  dissipated  almost  instantly  after  they  are 
thrown  into  the  furnace.  The  coat  of  glaze  previously  applied  to  the  inside  of  the  pot, 
prevents  the  moisture  from  doing  them  any  harm.  For  this  reason,  when  the  demand 
for  glass  at  Saint-Gobin  is  very  great,  the  materials  are  neither  fritted  nor  even  dried, 
bat  shovelled  directly  into  the  pot;  this  is  called  founding  raw.  Six  workmen  are 
employed  in  shovelling-in  the  materials  either  fritted  or  otherwise,  for  the  sake  of  expe- 
dition, and  to  prevent  the  furnace  getting  cooled.  One  third  of  the  mixture  is  introduced 
at  first ;  whenever  this  is  melted,  the  second  third  is  thrown  in,  and  then  the  last.  These 
three  stages  are  called  the  first,  second,  and  third  fusion  or  founding. 

According  to  the  ancient  practice,  the  founding  and  refining  were  both  executed  in 
the  pots,  and  it  was  not  till  the  glass  was  refined,  that  it  was  laded  into  the  cuvettes, 
where  it  remained  only  3  hours,  the  time  necessary  for  the  disengagement  of  the  air 
babbles  introduced  by  the  trans vasion,  and  for  giving  the  metal  the  proper  consistence 
lor  casting.  At  present,  the  period  requisite  for  founding  and  refining,  is  equally  divided 
between  the  |bts  and  the  cuvettes.  The  materials  are  led  16  hours  in  the  pots,  and  as 
many  in  the  cuvettes ;  so  that  in  32  hours  the  glass  is  ready  to  be  cast.  During  the  last 
two  or  three  hours,  the  fireman  or  tiseur  ceases  to  add  fuel ;  all  the  openings  are  shut, 
and  the  glass  is  allowed  to  assume  the  requisite  fluidity ;  an  operation  called  stopping  the 
{^lass,  or  performing  the  ceremony. 

The  transfer  of  the  glass  mto  the  cuvettes,  is  called  lading,  (trejetage).  Before  this  is 
done,  the  cuvettes  are  cleared  out,  that  is,  the  fflass  remaining  on  their  bottom  is  removed, 
and  the  ashes  of  the  firing.  They  are  lifted  red  hot  oat  of  the  furnace  by  the 
method  presently  to  be  described,  and  placed  on  an  iron  plate,  near  a  tub  filled 
with  water.  The  workmen,  by  means  of  iron  paddles  6  feet  long,  flattened  at  one  end 
and  hammered  to  an  edge,  scoop  out  the  fluid  glass  expeditiously,  and  throw  it  into  water; 
the  cuvettes  are  now  returned  to  the  furnace,  and  a  few  minutes  afterwards  the  lading 
begins. 

In  this  operation,  ladles  of  wrought  iron  are  employed,  furnished  with  long  handles, 
which  are  plunged  into  the  pots  through  the  upper  openings  or  lading  holes,  and  immedi- 
ately  transfer  their  charge  of  glass  into  the  backets.  Each  workman  dips  his  ladle  only 
three  times,  and  empties  its  contents  into  the  cuvette.  By  these  three  immersions  (whence 
the  term  treje'er  is  derived),  the  large  iron  spoon  is  heated  so  much  that  when  plunged 
into  a  tub  full  of  water,  it  makes  a  noise  like  the  roaring  of  a  lion,  which  may  be  heard 
'  to  a  very  great  distance. 

The  founding,  refining,  and  ceremonyy  being  finished,  they  next  try  whether  the  glass 
be  ready  for  casting.  With  this  view,  the  end  of  a  rod  is  dipped  into  the  bucket,  which 
is  called  drawing  the  ginss ;  the  portion  talcen  up  being  allowed  to  run  off,  naturally 
assumes  a  pear-shape,  from  the  appearance  of  which,  they  can  judge  if  the  consistence  be 
proper,  and  if  any  air  bubbles  remain.  If  all  be  right,  the  cuvettes  are  taken  out  of  the 
Aimace,  and  conveyed  to  the  part  of  the  halle  where  their  contents  are  to  be  poured  out. 
This  process  requires  peculiar  instruments  and  manipulations. 

CoMiing. — While  the  glass  istefining,  that  is,  coming  to  its  bighest  point  of  perfection, 
preparation  is  made  fur  the  most  important  process,  the  casting  of  the  plate,  whose 
snceess  crowns  all  the  preliminary  labors  and  cares.  The  oven  or  carquaise  destined  to 
receive  and  anneal  the  plate  is  now  heated  by  its  small  fire  or  tisar,  to  such  a  pitch  that 
its  sole  may  have  the  same  temperature  as  that  of  the  plates,  being  nearly  red-hot  at  the 
■KMDefit  of  their  being  introduced.  An  unequal  degree  of  heat  in  the  carquaise  would 
eaose  breakage  of  the  glass.  The  casting  table  is  then  rolled  towards  the  front  door  or 
throat,  by  means  of  levers,  and  its  surface  is  brought  exactly  to  the  level  of  the  sole  of 
the  oven. 

The  table  t,  fig.  515,  is  a  mass  of  bronze,  or  now  preferably  cast  iron,  about  10  feet 
long,  5  feet  broad,  and  from  6  to  7  inches  thick,  supported  by  a  frame  of  carpentry,  which 
rests  on  three  cast  iron  wheels.  At  the  end  of  the  table  opposite  to  that  next  to  the  front 
of  the  oven,  is  a  very  strong  frame  of  timber-work,  called  the  puppet  or  standard,  upon 
which  the  bronze  roller  which  spreads  the  glass  is  laid,  before  and  af\er  the  casting.  This 
b  5  feet  long  by  1  foot  in  diameter ;  it  is  thick  in  the  metal  but  hollow  in  the  axis.  The 
same  roller  can  serve  only  for  two  plates  at  one  casting,  when  another  is  put  in  its  place, 
and  the  first  is  laid  aside  to  cool ;  for  otherwise  the  hot  roller  would  at  a  third  casting 
make  the  plate  expand  unequally,  and  cause  it  to  crack.  When  the  rollers  are  not  in 
action,  they  are  laid  aside  in  strong  wooden  trestles,  like  those  employed  by  sawyers.  On 
the  two  sides  of  the  table  in  the  line  of  its  length,  are  two  parallel  bars  of  bronze,  t,  /, 
destined  to  support  the  roller  during  its  passage  from  end  to  end ;  the  thickness  of  these 
bars  determines  that  of  the  plate.  The  table  being  thus  arranged,  a  crane  is  had  recourse 
to  for  lining  the  cuvette,  and  keeping  it  suspended,  till  it  be  emptied  upon  the  table. 
This  raising  and  suspension  are  efliected  by  means  of  an  iron  gib,  famished  with  palleySy 
keU  horizontally,  and  which  turns  with  them. 
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The  tongs  t,  fig,  515,  are  made  of  four  iron  bars,  bent  into  a  square  frame  in  thek 
middle,  for  embracing  the  bucket.  Four  chains  proceeding  from  the  comers  of  the  firaae 
V,  are  united  at  their  other  ends  into  a  ring  which  fits  into  the  hook  of  the  eraae. 
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Things  being  thus  arranged,  all  the  workmen  of  the  foundry  co-operate  in  the  nsoipQ- 
lations  of  the  casting.  Two  of  them  fetch,  and  place  quickly  in  front  of  one  of  the  lower 
openings,  the  small  cuvette-carriage,  which  bears  a  forked  bar  of  iron,  baring  two  proip 
corresponding  to  the  two  holes  left  in  the  fire-tile  door.  This  fork,  mounted  on  the  axk 
of  two  cast-iron  wheels,  extends  at  its  other  end  into  two  branches  terminated  by  haadlei> 
by  which  the  workmen  move  the  fork,  lift  out  the  tile  stopper,  and  set  it  down  against 
the  outer  wall  of  the  furnace. 

The  instant  these  men  retire,  two  others  push  forward  into  the  opening  the  extR- 
mity  of  the  tongs-carriage,  so  as  to  seize  the  bucket  by  the  girdle,  or  rather  to  damp  it 
At  the  same  time,  a  third  workman  is  busy  with  an  iron  pinch  or  long  chisel,  delachiig 
the  bucket  from  its  seat,  to  which  it  often  adheres  by  some  spilt  glass ;  whenem  it  ii 
free,  he  withdraws  it  from  the  furnace.  Two  powerful  branches  of  iron  united  by  s 
bolt,  like  two  scissor  blades,  which  open,  come  together,  and  join  by  a  quadrant  near  the 
other  end,  form  the  tongs-carriage,  which  is  mounted  upon  two  wheels  like  a  truck. 

The  same  description  will  apply  almost  wholly  lo  the  iron-plate  carriace,  on  which 
the  bucket  is  laid  the  moment  it  is  taken  out  of  the  furnace ;  the  only  difference  in  its 
construction  is,  that  on  the  bent  iron  bars  which  form  the  tail  or  lower  steps  of  this  car- 
riage (in  place  of  the  tongs)  is  permanently  fastened  an  iron  plate,  on  which  the  bocket 
is  placed  and  carried  for  the  casting. 

Whenever  the  atvette  is  set  upon  its  carriage,  it  must  be  rapidly  wheeleil  to  its  stalion 
near  the  crane.  The  tongs  t  above  described  are  now  applied  to  the  girdle,  and  arc  tb«i 
hooked  upon  the  crane  by  the  suspension  chains.  In  this  position  the  bucket  is  skim- 
med by  means  of  a  copper  tool  called  a  sabre,  because  it  has  nearly  the  shape  of  thit 
weapon.  Every  portion  of  the  matter  removed  by  the  sabre  is  thrown  into  a  copper 
ladle  (poche  de  gamin),  which  is  emptied  from  time  to  time  into  a  cistern  of  water.  AAtf 
being  skinuned,  the  bucket  is  lifted  up,  and  brushed  very  clean  on  its  sides  and  bottom; 
then  by  the  double  handles  of  the  suspension-tongs  it  is  swun?  round  to  the  table,  where 
it  is  seized  by  the  workmen  appointed  to  turn  it  over;  the  roller  having  been  previoul; 
laid  on  its  ruler-bars,  near  the  end  of  the  table  which  Ls  in  contact  with  the  annealiitf 
oven.  The  aivette-men  begin  to  pour  out  towards  the  right  extremity  e  of  the  roller,  tad 
terminate  when  it  has  arrived  at  the  left  extremity  d.  While  preparing  to  do  so,  sad 
at  the  instant  of  casting,  two  men  place  within  the  ruler-bar  on  each  side,  that  is,  betweea 
the  bar  and  the  liquid  glass,  two  iron  instruments  called  handsy  m,  to,  m,  tn,  which  prs- 
vent  the  glass  from  spreading  beyond  the  rulers,  while  another  draws  along  the  ublc  the 
wiping  bar  c,  c,  wrapped  in  linen,  to  remove  dust,  or  any  small  objects  which  may  iaier- 
pose  between  the  table  and  the  liquid  glass. 

Whenever  the  melted  glass  is  poured  out,  two  men  spread  it  over  the  table,  gnidiag 
the  roller  slowly  and  steadily  along,  beyond  the  limits  of  the  glass,  and  then  run  it  smartly 
into  the  wooden  standard  prepared  for  its  reception,  in  place  of  the  trestles  v,  v. 

The  empty  bucket,  while  still  red-hot,  is  hung  again  upon  the  crane,  set  on  its  p]at^ 
iron  carriage,  freed  from  its  tongs,  and  replaced  in  the  furnace,  to  be  speedily  deaisd 
^  out  anew,  and  charged  with  fresh  fluid  from  the  pots.  If  while  the  roller  glides  atooA 
'  the  two  workmen  who  stand  by  with  picking  tools,  perceive  tears  in  the  mailer  in  s^ 
vance  of  the  roller,  and  can  dexterously  snatch  them  out,  they  are  suitably  rewarded 
according  to  the  spot  where  the  blemish  lay,  whether  in  the  eentie,  where  ii  wootf 
bare  proved  most  detrimental,  ox  neai  the  edge.   These  tears  proceed  wmiBf  fi«0 
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1  portions  of  semi-Titrificd  matter  which  fall  from  the  vault  of  the  furnace,  and  from 
*  density  occupy  the  bottom  of  the  cuvettes. 

liile  the  plate  is  still  red-hot  and  ductile,  about  2  inches  of  its  end  opposite  to  the 
uaite  door  is  turned  up  with  a  tool ;  this  portion  is  called  the  head  of  the  mirror  ; 
nst  the  outside  of  this  head,  the  shovel,  in  the  shape  of  a  rake  without  teeth,  is  ap- 
ly  with  which  the  plate  is  eventually  pushed  into  the  oven,  while  two  other  workmen 
s  upon  the  upper  part  of  the  head  with  a  wooden  pole,  eight  feet  long,  to  preserve 
plate  in  its  horizontal  position,  and  prevent  its  being  warped.  The  plate  is  now  left 
I  fffw  moments  near  the  throat  of  the  carqiutue,  to  give  it  solidity ;  after  which  it  if 
led  farther  in  by  means  of  a  very  long  iron  tool,  whose  extremity  is  forked  like  the 
T  y,  and  hence  bears  that  name ;  and  is  thereby  arranged  in  the  most  suitable  spot  for 
iring  other  plates  to  be  introduced. 

owever  numerous  the  manipulations  executed  from  tlft  moment  of  withdrawing  the 
tie  from  the  furnace,  till  the  cast-plate  is  pushed  into  the  annealing  oven,  I  have  seen 
a  all  performed  in  less  than  five  minutes ;  such  silence,  order,  regularity,  and  despatch 
'ail  in  the  establishment  of  Saint-Gobin. 

Then  all  the  plates  of  the  same  casting  have  been  placed  in  the  carquaue,  it  is  sealed 
that  is  to  say,  all  its  orifices  are  closed  with  sheets  of  iron,  surrounded  and  made  tight 
I  plastic  loam.  With  this  precaution,  the  cooling  goes  on  slowly  and  equably  in  every 
,  for  no  cooling  current  can  have  access  to  the  interior  of  the  oven. 
Aer  they  are  perfectly  cooled,  the  plates  are  carefully  withdrawn  one  after  another, 
ling  them  all  the  while  in  a  horizontal  position,  till  they  are  entirely  out  of  the  car- 
Ljc.  As  soon  as  each  plate  is  taken  out,  one  set  of  workmen  lower  quickly  and 
dily  the  edge  which  they  hold,  while  another  set  raise  the  opposite  edge,  till  the  glass 
[ilaced  upright  on  two  cushions  stuffed  with  straw,  and  covered  with  canvass.  In 
vertical  position  they  pass  through,  beneath  the  lower  edge  of  the  plate,  three  girths 
traps  each  four  feet  long,  thickened  with  leather  in  their  middle,  and  ending  in 
den  handles ;  so  that  one  embraces  the  middle  of  the  plate,  and  the  other  two,  the 
u  The  workmen,  six  in  number,  now  seize  the  handles  of  the  straps,  lift  up  the 
s  closely  to  their  bodies,  and  convey  it  with  a  regular  step  to  the  warehouse.  Here 
head  of  the  plate  is  fir>t  cut  off  with  a  diamond  square,  and  then  the  whole  is  atten* 
ly  examined,  in  reference  to  its  defects  and  imperfections,  to  determine  the  sections 
ch  must  be  made  of  it,  and  the  eventual  size  of  the  pieces.  The  pairings  and  small 
ings  detached  are  set  aside,  in  order  to  be  ground  and  mixed  with  the  raw  materials 
mother  glass-pot. 

he  apartment  in  which  the  roughing-down  and  smoothing  of  the  plates  is  performed, 
imished  with  a  considerable  number  of  stone  tables  truly  hewn  and  placed  apart  like 
ard  tables,  in  a  horizontal  position,  about  2  feet  above  the  ground.  They  are  rec- 
mlar,  and  of  different  $ize«  proportional  to  the  dimensions  of  the  plates,  which  they 
tit  always  to  exceed  a  little.  These  tables  are  supported  either  on  stone  pillars  or 
den  frames,  and  are  surrounded  with  a  wooden  board  whose  upper  edge  stands  some- 
1  below  their  level,  and  leaves  in  the  space  between  it  and  the  stone  all  round  an  in- 
al  of  3  or  4  inches,  of  which  we  shall  presently  see  the  use. 

.  cast  plate,  unless  formed  on  a  table  quite  new,  has  always  one  of  its  faces,  the  one 
t  the  Uble,  rougher  than  the  other;  and  with  this  face  the  roughing-down  begins, 
h  this  view,  the  smoother  face  is  cemented  on  the  stone  table  with  Paris-plaster.  But 
n,  instead  of  one  plate,  several  are  cemented  alongside  of  each  other,  those  of  the  same 
kness  being  carefully  selected.  They  then  take  one  or  more  crude  plates  of  about  one 
1  or  one  fourth  the  surface  of  the  plate  fixed  to  the  table,  and  fix  it  on  them  with 
id  gypsum  to  the  large  base  of  a  quadrangular  truncated  pyramid  Of  stone,  of  a  weight 
toriioned  to  its  extent,  or  aboiit  a  pound  to  the  square  inch.  This  pyramidal  muller, 
nail  sized,  bears  at  each  of  its  anales  of  the  upper  face  a  peg  or  ball,  which  the 
ders  lay  hold  of  in  working  it;  but  when  of  greater  dimension,  there  is  adapted  to  it 
sontally  a  wheel  of  slight  construction,  8  or  10  feet  in  diameter,  whose  circumferenee 
lade  of  wood  rounded  so  as  to  be  seized  with  the  hand.  The  upper  plate  is  now 
>ed  over  the  lower  ones,  with  moistened  sand  applied  between, 
his  operation  is  however  performed  by  machinery.  The  under  plate  being  fixed  or 
edded  in  stucco,  on  a  solid  table,  the  upper  one  likewise  imbedded  by  the  same 
ent  in  a  cast  iron  frame,  has  a  motion  of  circumrotation  given  to  it  closely  resem- 
g  that  communicated  by  the  human  hand  and  arm,  moist  sand  being  supplied 
reen  them.  While  an  eccentric  mechanism  imparts  this  double  rotatory  movement 
lie  upper  plate  round  its  own  centre,  and  of  that  centre  round  a  point  in  the  lower 
e,  this  plate,  placed  on  a  moveable  platform,  changes  its  position  by  a  slow  horizontal 
ton,  both  in  the  direction  of  its  length  and  iu  breadth.  By  this  ingenious  cott-^ 
race,  which  pervades  the  whole  of  the  grinding  and  polishing  machinery,  a  remark- 
regularity  of  friction  and  truth  of  surface  is  produced.  When  the  plates  are  salB» 
tly  worked  on  one  face,  they  are  reversed  in  the  frames,  and  worked  together  on 
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the  other.  The  Paris  plaster  is  nsnaUy  colored  red,  in  order  to  show  any  defects  in  tW 
glass. 

The  smoothing  of  the  plates  is  effected  on  the  same  principles  by  the  use  of  mote 
emery  washed  to  successive  degrees  of  fineness,  for  the  successive  stages  of  the  opentkM; 
and  the  polishing  process  is  performed  by  rubbers  of  hat-felt  and  a  thin  paste  of  eokoCtai 
and  water.  The  colcothar,  called  also  crocus,  is  red  oxyde  of  iron  prepared  by  the  igat- 
tion  of  copperas,  with  grinding  and  elutriation  of  the  residuum. 

The  last  part  or  the  polishing  process  is  performed  by  hand.  Thb  is  managed  hf  fe- 
males, who  slide  one  plate  over  another,  while  a  little  moistened  putty  of  tin  finely  levi- 
gated is  thrown  between. 

Large  mirror-plates  are  now  the  indispensable  ornaments  of  every  large  and  snmpCBOW 
apartment ;  they  diffuse  lustre  and  gayety  round  them,  by  reflecting  the  rays  of  Hgkiiat 
thousand  lines,  and  by  multiplying  indefinitely  the  images  of  objects  placed  betveea  sp- 
posite  parallel  planes. 

The  silrering  of  plane  mirrors  consists  in  applying  a  layer  of  tin-foil  alloyed  with  mw- 
cury  to  their  posterior  surface.  The  workshop  for  executing  this  operation  is  prvrided 
with  a  great  many  smooth  tables  of  fine  freestone  or  marble,  truly  levelled,  having  roni 
their  contour  arising  ledge,  within  which  there  is  a  gutter  or  groove  which  terminates 
a  slight  slope  in  a  spout  at  one  of  the  corners.  These  tables  rest  upon  an  axis  of  wooi 
or  iron  which  runs  along  the  middle  of  their  length ;  so  that  they  may  be  inclined  etsily 
into  an  angle  with  the  horizon  of  12  or  13  degrees,  by  means  of  a  hand-screw  fixed  b^ 
low.  They  are  also  furnished  with  brushes,  with  glass  rules,  with  rolls  of  woollen  stif, 
several  pieces  of  flannel,  and  a  great  many  weights  of  stone  or  cast-iron. 

The  glass-tinner,  standing  towards  one  angle  of  his  table,  sweeps  and  wipes  its  sarfree 
with  the  greatest  care,  along  the  whole  surface  to  be  occupied  by  the  mirror-plate;  Ita 
taking  a  sheet  of  tin-foil  adapted  to  his  purpose,  he  spreads  it  on  the  table,  aad  appUei 
it  closely  with  a  brush,  which  removes  any  folds  or  wrinkles.  The  table  beiag  hori- 
zontal, he  pours  over  the  tin  a  small  quantity  of  quicksilver,  and  spreads  it  with  a  roQ 
of  woollen  stuff;  so  that  the  tin-foil  is  penetrated  and  apparently  dissolved  by  the  i»r- 
cury.  Placing  now  two  rules,  to  the  right  and  to  the  leA,  on  the  borders  of  the  sheet,  he 
pours  on  the  middle  a  quantity  of  mercury  sufiScient  to  form  ever}'where  a  layer  almt 
the  thickness  of  a  crown  piece;  then  removing  with  a  linen  rag  the  oxyde  or  other  im- 
puriiies,  he  applies  to  it  the  edge  of  a  sheet  of  paper,  and  advances  it  about  half  aainck. 
Meanwhile  another  workman  is  occupied  in  drying  very  nicely  the  surface  of  the  tlaai 
that  is  to  be  silvered,  and  then  hands  it  to  the  master  workman,  who,  laying  it  fltl, 
places  its  anterior  edge  first  on  the  table,  and  then  on  the  slip  of  paper;  now  pashiDH 
the  glass  forwards,  he  takes  care  to  slide  it  along  so  that  neither  air  nor  any  coal  of 
oxyde  on  the  mercury  can  remain  beneath  the  plate.  When  this  has  reached  its  posilkM, 
he  fixes  it  there  by  a  weieht  applied  on  its  side,  and  gives  the  table  a  gentle  sk>pe,  to 
run  off  all  the  loose  quicksilver  by  the  gutter  and  spout.  At  the  end  of  five  minutes  he 
covers  the  mirror  with  a  piece  of  flannel,  and  loads  it  with  a  great  many  weights  whick 
are  left  upon  it  for  twenty-four  hours,  under  a  cradually  increased  inclination  of  the  taMe. 
By  this  lime  the  plate  is  ready  to  be  taken  off  the  marble  table,  and  laid  on  a  wooden  one 
sloped  like  a  reading  desk,  with  its  under  edire  resting  on  the  ground,  while  the  upper  is 
raised  successively  to  different  elevations  by  means  of  a  cord  passing  over  a  pulley  in  the 
ceiling  of  the  room.  Thus  the  mirror  has  its  slope  graduated  from  day  to  day,  till 
it  finally  arrives  at  a  vertjcal  position.  About  a  month  is  required  for  draining  oat 
the  superfluous  mercury  from  large  mirrors;  and  from  18  to  20  days  from  those  oT 
moderate  size.  The  sheets  of  tin-foil  being  always  somewhat  larger  than  the  glass^ 
plate,  their  edges  must  be  paired  smooth  off,  before  the  plate  is  lifted  off  the  narUe 
Uble. 

Process  for  silvering  concave  mirrors. — Having  prepared  some  very  fine  Paris  plaster  by 
passing  it  through  a  sTIk  sieve,  and  some  a  little  coarser  passed  through  hair-clutb,  the 
first  is  to  be  made  into  ft  creamy  liquor  with  water,  and  aAer  smearing  the  concave  sorfiice 
of  the  glass  with  a  film'of  olive  oil,  the  fine  plaster  is  to  be  poured  into  it,  and  spread  by 
turning  about,  till  a  layer  of  plaster  be  formed  about  a  tenth  of  an  inch  thidc.  The 
second  or  coarse  plaster,  being  now  made  into  a  thin  paste,  poured  over  the  first,  and 
moved  about,  readily  incorporates  with  it,  in  its  imperfectly  hardened  slate.  Thas  as 
exact  mould  is  obtained  of  the  concave  surface  of  the  glass,  which  lies  about  three  qasr- 
ters  of  an  inch  thick  upon  it,  but  is  not  allowed  to  rise  above  its  outer  edge. 

The  mould,  being  perfectly  dried,  must  be  marked  with  a  point  of  coinckience  on  the 
glass,  in  order  to  permit  of  its  being  exactly  replaced  in  the  same  position,  after  it  hii 
been  lifted  out.  The  mould  is  now  removed,  and  a  round  sheet  of  tin-foil  is  applied  to  it, 
so  large  that  an  inch  of  its  edge  may  project  beyond  the  plaster  all  round ;  this  border 
being  necessary  fur  fixing  the  tin  to  the  contour  of  the  mould  by  pellets  of  white  wix 
softened  a  little  with  some  Venice  turpentine.  Before  fixing  the  tin-foil,  however,  it 
Binst  be  properly  spread  oTer  iht  moukl,  so  as  to  remove  every  wrinkle  {  which  the 
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plkBcy  of  the  foil  etii]y  admiu  of,  by  uniform  and  well-directed  presiitre  with  the 
fiifers. 

The  glass  being  placed  in  the  hollow  bed  of  a  tight  sack  filled  with  fine  sand,  set  in  a 
wdl^jointed  box,  capable  of  retaining  quicksilver,  its  concave  surface  must  be  dusted 
with  siAed  wood-ashes,  or  Spanish  white  contained  in  a  small  cotton  has,  and  then  well 
wiped  with  clean  linen  rag^,  to  free  it  from  all  adhering  impurity,  and  particularly  the 
moisture  of  the  breath.  The  concavity  must  be  now  filled  with  quicksilver  to  the  very 
Um  and  the  mould,  being  dipped  a  liitle  way  into  it,  is  withdrawn,  and  the  adhering 
pereury  is  spread  over  the  tin  with  a  t^ofi  flannel  roll,  so  as  to  amalganiaie  and  brigbtea 
ill  whole  surface,  taking  every  precaution  aeainst  breathing  on  it.  AVhenever  this 
bruthteninc  seems  complete,  the  mould  is  to  be  immersed,  not  vertically,  but  one  edge 
at  first,  and  thus  obliquely  downwards  till  the  centres  coincide;  the  mercury  meanwhile 
being  slowly  displaced,  and  the  mark  on  the  moukl  being  brought  finolly  into  coinci- 
dence with  the  mark  on  the  glass.  The  mould  is  now  left  to  operate  by  iis  own  weight, 
ia  eipelling  the  superfluous  mercury,  which  runs  out  upon  the  sand-bai?  and  thence 
iato  a  groove  in  the  bottom  of  the  box,  whence  it  overflows  by  a  spout  into  a  leather  bag 
of  reception.  AAer  half  an  hour's  repose,  the  whole  is  cautiously  inverted,  to  diain  ofl 
iJie  quicksilver  more  completely.  For  this  por|K>8e,  a  box  like  the  fifNt  is  provided 
with  a  central  support  rising  an  inch  above  its  edges;  the  upper  surface  uf  the  support 
being  nearly  equal  in  diameter  to  that  of  the  mould.  Two  workmen  are  required  to 
etecute  the  following  operation.  Each  steadies  the  mould  with  the  one  hand,  and  raises 
Ihe  box  with  the  other,  takins;  care  not  to  let  the  mould  be  deranged,  which  they  rest 
on  the  (convex)  support  of  the  second  box.  Before  inverting  the  first  apparatus,  how- 
efcr,  the  reception  bag  must  be  removed,  for  fear  of  spilling  its  mercury.  The  rednn- 
daat  quickMlver  now  drains  off;  and  if  the  weight  of  the  sandbag  is  not  thought  suffi- 
cient, supplementary  weights  are  added  at  pleasure.  The  whole  is  left  in  this  position 
fbr  two  or  three  days.  Before  separating  the  mirror  from  its  mould,  the  border  of  tin- 
foil, fixed  to  it  with  wax,  must  be  pared  oflT  with  a  knife.  Then  the  weight  and 
■aadbag  being  removed,  the  glass  is  lif\ed  up  with  its  interior  coating  of  tin- 
analgam. 

For  silvering  a  amrex  surface. — A  concave  plarter  mould  is  made  on  the  convex  elass, 
and  their  points  of  coincidence  are  define<l  by  marks.  This  mould  is  to  be  lined  with 
linfoil,  with  the  precautions  above  described ;  and  the  lin  surf*ace  beinc  first  brii^htened 
with  a  little  mercury,  the  mould  is  then  filled  with  the  liquid  metal.  The  gla^s  is  to  be 
well  cleaned,  and  immersed  in  the  quicksilver  bath,  which  will  expel  the  greater  part  of 
Ike  metal.  A  sandbag  is  now  to  be  laid  on  the  glass,  and  the  whole  is  to  be  inverted  at 
in  the  former  case  on  a  support ;  when  weights  are  to  be  applied  to  the  mould,  and  the 
Bereury  is  left  to  drain  off  fur  several  days. 

If  the  glass  be  of  large  dimensions,  30  or  40  inches,  for  example,  another  method  is 
idopCed.  A  circular  frame  or  hollow  rins  of  wood  or  iron  is  prepared,  of  twice  the  diam- 
eter of  the  mirror,  supported  on  three  feet.  A  circular  piece  of  new  linen  cloth  of  close 
Icxinre  is  cut  out,  of  equal  diameter  to  the  ring,  which  is  hemmed  stoutly  at  the  border, 
■ad  furnished  round  the  ed^e  with  a  row  of  small  holes,  for  lacing  the  cloth  to  the  ring, 
•o  as  to  leave  no  folds  in  it,  but  without  bracing  it  so  tightly  as  to  deprive  it  of  the  elai- 
licity  necessary  for  making  it  into  a  moukl.  This  apparatus  bein:;  set  hoiizontally,  a 
leaf  of  tinfoil  is  spread  over  it,  of  sufficient  size  to  cover  the  surface  of  the  gla««;  the 
tin  is  first  brightened  with  mercury,  and  then  as  much  of  the  liquid  metal  is  poured  on  as 
a  plane  mirror  requires.  The  convex  class,  weli  cleaned,  is  now  set  down  on  the  cloth, 
■ad  its  own  weight,  joined  to  some  additional  weights,  sradually  presses  down  the  cloth, 
nod  causes  it  to  assume  the  form  of  the  glass  which  thus  comes  into  cloa«  contact  with 
tlietia  submersed  under  the  quicksilver.  The  redundant  quicksilver  is  aAenrards  drained 
off  by  inversion,  as  in  common  cases. 

The  following  recipe  has  been  given  for  silverins:  the  inside .o^^ass  globes.  Melt  in 
n  iron  ladle  or  a  crucible,  equal  paits  of  tin  and  lead,  adding  \%  the  fused  alloy  one  part 
of  bruised  bismuth.  Stir  the  mixture  well,  and  pour  into  it  as  It  cools,  two  parts  of  dry 
■ercary ;  airitating  anew  and  skimming  off  the  drossy  film  from  the  surface  of  the  amal- 
fam.  The  inside  of  the  glass  slobe,  being  freetl  from  all  adhering  dnst  and  humidity,  is 
to  be  gently  heated,  while  a  little  of  the  semi-fluid  amalsam  is  introduced.  The  liquklity 
being  incrcase<l  by  the  slight  degree  of  heat,  the  metallic  coating  is  applied  to  all  the 
points  of  the  glass,  by  turning  round  the  globe  in  every  direction,  but  so  slowly  as  to 
favor  the  adhesion  of  the  alloy.  This  silvering  is  not  so  substantial  as  that  of  plane  mir- 
ntn :  but  the  form  of  the  vessel,  whether  a  globe,  an  ovoid,  or  a  cylinder,  conceals  or 
palliates  the  defects  by  counter  reflection  from  the  opposite  surfaces. 

Colored  Glasus  and  jSrtificial  Cem«.— The  general  vitreous  body  preferred  by  Fon- 
taaieu  in  his  treatise  on  this  subject,  which  he  calls  ahe  Mayence  base,  is  prepared  in 
tlw  following  manner.  Kight  ounces  of  pure  rock-crystal  or  flint  in  powder,  mixed 
with  24  ounces  of  salt  of  tartar,  are  baked  and  left  to  cool.   This  is  afterwards  poored 
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into  a  basin  of  hot  water,  and  treated  with  dilate  ahrie  aeM  till  it  ceases  to  effervaee; 
when  the  frit  is  to  be  washed  till  the  water  comes  off  tasteless.  The  frit  is  now  driei 
and  mixed  with  12  ounces  of  fine  white  lead,  and  the  mixture  is  to  be  lerigated  and  eh- 
triated  with  a  little  distilled  water.  An  ounce  of  calcined  borax  is  to  be  added  to  aboit 
12  ounces  of  the  preceding  mixture  in  a  dry  state,  the  whole  rubbed  together  in  a  pom- 
lain  mortar,  then  melted  in  a  clean  crucible,  and  poured  out  into  cold  water.  This▼itI^ 
ous  matter  must  be  dried,  and  melted  a  second  and  a  third  time,  always  in  a  new  emcibk^ 
and  after  each  melting  poured  into  cold  water  as  at  first,  taking  care  to  separate  the  M 
that  may  be  revived.  To  the  last  glass  ground  to  powder,  five  drachms  of  nitre  are  to  k 
added,  and  the  mixture  beini?  melted  for  the  last  time,  a  mass  of  crystal  will  be  foand  is 
the  crucible  with  a  beautiful  lustre.  The  diamond  is  well  imitated  by  this  Mayeaee 
base.  Another  very  fine  white  crystal  may  be  obtained,  according  to  M.  Fontanien,  Dob 
eight  ounces  of  white  lead,  two  ounces  of  powdered  borax,  half  a  grain  of  maagaaese^ 
and  three  ounces  of  rock-crystal,  treated  as  above. 

The  colors  of  artificial  gems  are  obtained  from  metallie  oxydes.  The  orienial  Ufoz  ii 
prepared  by  addinsr  oxyde  of  antimony  to  the  base ;  the  amethyst  from  manganese,  wilk 
a  little  purple  precipitate  of  Cassias;  the  beryl  from  antimony  and  a  very  little  eobih; 
yellow  artificial  diamond  and  opal  from  horn-silver  (chlorkle  of  sUver)  ;  Uae  stone  fran 
cobalt.   See  Pastes  and  Pigments  VrniinABLE. 

The  following  are  recipes  for  making  the  different  kinds  of  glass. 

1.  BottU  glass, — 11  pounds  of  dry  glauber  salts;  12  pounds  of  soaper  salts;  a  half 
bushel  of  waste  soap  ashes;  56  pounds  of  sand;  22  pounds  of  glass  skimmiagi;  1 
cwt.  of  green  broken  glass ;  25  pounds  of  basalt.  This  mixture  affords  a  dark  grees 
glass. 

2.  Yellow  or  white  sand,  100  parts ;  kelp,  30  to  40;  lixiviated  wood  ashes,  from  IfO 
to  170  parU ;  fresh  wood  ashes,  30  to  40  parts;  potter's  clay,  80  to  100  parts ;  collet  or 
broken  glass,  100.   If  basalt  be  used,  the  proportion  of  kelp  may  be  diminished. 

In  two  bottle-glass  houses  in  the  neighborhood  of  Valenciennes,  an  unknown  ii- 
gredient,  sold  by  a  Belgian,  was  employed,  which  he  called  spar.  This  was  discovers! 
by  chemical  analysis  to  be  sulphate  of  baryta.  The  glass-makers  observed  that  the 
bottles  which  contained  some  of  this  substance  were  denser,  more  homogeneous,  OMXt 
fusible,  and  worked  more  kindly,  than  those  formed  of  the  common  materials.  Wheo 
one  prime  equivalent  of  the  silicate  of  bar>'ta  =  123,  is  mixed  with  three  primes  of  the 
silicate  of  soda  =  (3  X  77'6)  232*8,  and  exposed  in  a  proper  furnace,  vitrificatios 
readily  ensues,  and  the  glass  may  be  worked  a  little  under  a  cherry  red  heat,  with  is 
much  ease  as  a  glass  of  lead,  and  has  nearly  the  same  lustre.  Since  the  ordinary  nu 
of  glass-makers  are  not  familiar  with  atomic  proportions,  they  should  have  recourse  ti> 
a  scientiHc  chemist,  to  guide  them  in  using  such  a  proportion  of  sulphate  of  baryta  is 
may  suit  their  other  vitreous  ingredients ;  for  an  excess  or  defect  of  any  of  them  will 
injure  the  quality  of  the  glass. 

3.  Green  window  g/a.t5,  or  broad  glass. — 11  pounds  of  dry  glauber  salts;  10  pounds  of 
soaper  salts  ;  half  a  bushel  of  lixiviated  soap  waste ;  50  pounds  of  sand ;  22  pounds  of 
glass  pot  skimmings;  1  cwt.  of  broken  green  glass. 

4.  Croum  glass. — 300  parts  of  fine  sand;  200  of  good  soda  ash;  33  of  lime;  from 
250  to  300  of  broken  glass ;  60  of  white  sand ;  30  of  purified  potash ;  15  of  saltpetre 
(1  of  borax) ;  ^  of  arsenious  acid. 

5.  Nearly  white  table  glass. — 20  pounds  of  potashes;  11  pounds  of  dry  glauber  salts i 
16  of  soaper  salt;  55  of  sand;  140  of  cuUet  of  the  same  kind.  Another. — 100  of  sand; 
235  of  kelp ;  60  of  wood  ashes;  1|  of  manganese  ;  100  of  broken  gUss. 

6.  Whife  table  glass. — 10  pounds  of  potashes ;  1 1  of  chalk ;  76  cS*  sand ;  )  of  man^ 
nese ;  95  of  white  cullet. 

Another. — 50  of  purified  potashes ;  100  of  sand  ;  20  of  chalk ;  and  2  of  saltpetre. 
Bohemian  table  or  plate  glass  is  made  with  63  parts  of  quartz ;  26  of  purified  pot- 
ashes ;  1 1  of  sifted  slaked  lime,  and  some  cullet. 

7.  Crystal  glass. — 60  parts  of  purified  potashes;  120  of  sand;  24  of  chalk;  2  of  salt- 
petre; 2  of  arsenious  acid;       of  manganese. 

Another. — 70  of  purified  pearlashes ;  120  of  white  sand;  10  of  saltpetre ;  |  of  arse- 
nious acid  ;  I  of  manganese. 

A  third.— 67  of  sand  ;  23  of  purified  pearlashes;  10  of  siAed  slaked  lime;  }  of  mu- 
ganese;  (5  to  8  of  red  lead). 

A  fourth.— 120  of  white  sand;  50  of  red  lead;  40  of  purified  pearlash;  20 of  salt- 
petre ;  I  of  manganese. 

A  fifth.— 120  of  white  sand;  40  of  pearlash  purified;  35  of  red  lead ;  13  of  saltpetre; 
1^  of  manganese. 

A  sixth.— 30  of  the  finest  sand;  20  of  red  lead;  8  of  pearlash  purified;  2  of  isl^ 
pctxe ;  a  little  arsenious  acid  and  manganese. 
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entb.— 100  of  sand ;  45  of  red  lead  j  36  of  purified  pearlashes ;  1  of  manganese  j 
enious  acid.  ^ 
ate  g/af«.— Very  white  sand  300  parts ;  dry  pnrified  soda  100  parts ;  carbonate 
43  parts ;  manganese  1 ;  cullet  300. 

ler.— Finest  sand  720;  purified  soda  460;  quicklime  80  parts;  saltpetrrc  26 
ullet  425. 

e  borax  has  also  been  prescribed ;  mnch  of  it  conununicates  an  exfoliating  pro- 
glass. 

Tabular  Tiew  of  the  composition  of  several  kinds  of  Glass. 


No.l. 

No.S. 

No.  S. 

No.  4. 

No.  5. 

No.  0. 

No.  7. 

No.  8. 

No.  9. 

71-7 

69-2 

62-8 

69-2 

60*4 

53-55 

59-2 

61-93 

42-5 

12-7 

15-8 

221 

8-0 

3-2 

5-48 

9-0 

13-77 

11-7 

2-5 

30 

3-0 

S.  pot. 

10-3 

7-6 

12-6 

13-0 

20-7 

29-22 

0-5 

la 

0-4 

1-2 

3-6 

10-4 

601 

1-8 

sia  - 

20 

0-6 

0-6 

of  iron 

0-3 

0-5 

^2,6 

1-6 

3-8 

5-74 

0-4 

oanganese 

0-2 

1-0 

ead  . 

0-9 

28-2 

33-28 

43*5 

is  a  very  beautiful  white  wine  glass  of  Neuwelt  in  Bohemia. 
Glass  tubes,  much  more  fusible  than  common  wine  glasses. 
Crown  glass  of  Bohemia. 
Green  glass,  for  medicinal  vials  and  retorts. 
Flask  glass  of  St.  Etienne,  for  which  some  heavy  spar  is  used. 
Glass  of  Sevres.  • 
London  glass  employed  for  chemical  and  physical  purposes. 
English  flint  glass. 
Guinand's  flint  glass. 

anufacture  of  Glass  beads  at  Murano  near  Venice,  is  most  ingeniously  simple, 
glass  of  every  color  are  drawn  out  to  great  lengths  in  a  gallery  adjoining  the 
se  pots,  in  the  same  way  as  the  more  moderate  lengths  of  thermometer  and 
r  tubes  are  drawn  in  our  glass-houses.  These  tubes  are  chopped  into  very  small 
nearly  uniform  length  on  the  upright  edge  of  a  fixed  chisel.  These  elementary 
.  being  then  put  in  a  heap  into  a  mixture  of  fine  sand  and  wood  ashes,  are  stirred 
h  an  iron  spatula  till  their  cavities  get  filled.  This  curious  mixture  is  now 
id  to  an  iron  pan  suspended  over  a  moderate  fire  and  continually  stirred  about 
,  whereby  the  cylindrical  bits  assume  a  smooth  rounded  form ;  so  that  when  re- 
Mn  the  fire  and  cleared  out  in  the  bore,  they  constitute  beads,  which  are  packed 
and  exported  in  prodigious  quantities  to  almost  every  country,  especially  to 
d  Spain. 

i  CUTTING  AND  GRINDING,  for  common  and  optical  purposes.  By  this 
al  process  the  surface  of  glass  may  be  modified  into  almost  any  ornamental  or 
m. 

grinding  of  crystal  ware.  This  kind  of  glass  is  best  adapted  to  receive 
acets,  both  on  account  of  its  relative  softness,  and  its  higher  refractive  power, 
'es  lustre  to  its  surface.  The  cutting  shop  should  be  a  spacious  long  apart- 
nished  with  numerous  sky-lights,  having  the  grinding  and  polishing  lathes 
right  under  them,  which  are  set  in  motion  by  a  steam  engine  or  water-wheel  at 
5IQ  one  end  of  the  building.    A  shaft  is  fixed  as  usual 

in  gallowses  along  the  ceiling ;  and  frum  the  pulleys 
of  the  shaft,  bands  descend  to  turn  the  diflerent 
lathes,  by  passing  round  the  driving  pulleys  near 
their  ends. 

The  turning  lathe  is  of  the  simplest  construction. 
Fig,  516,  D  is  an  iron  spindle  with  two  well-turned 
prolongations,  running  in  the  iron  puppets  a  a, 
between  two  concave  bushes  of  tin  or  type  metal, 
which  may  be  pressed  more  or  less  together  by  the 
thumb-screws  shown  in  the  figure.  These  two 
puppets  are  made  fast  to  the  wooden  support  m, 

 CZZ3   which  is  attached  by  a  strong  screw  and  bok  to  the 

al  beam  of  the  workshop  a.    £  is  the  fast  and  loose  pulley  for  putting  the 
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lathe  into  and  out  of  gear  with  the  driving  shaft.  The  projecting  end  of  the  spiadle  ii 
furnished  with  a  hollow  head-piece,  into  which  the  rod  c  is  poshed  tight.  This  nxi  cl^ 
lies  the  cutting  or  grinding  disc  plate.  For  heavy  work,  this  rod  is  fixed  into  the  htd 
by  a  screw.  When  a  conical  fit  is  preferred,  the  cone  is  covered  with  lead  to  iacresK 
the  friction. 

Upun  projecting  rods  or  spindles  of  that  kind  the  different  discs  for  cutting  the  gli« 
are  made  fast.  Some  of  these  are  made  of  fine  sandstone  or  polishing  slate,  from  8  to  10 
inches  in  diameter,  and  from  {  to  )  inch  thick.  They  most  be  carefully  turned  and  poliib- 
ed  at  the  lathe,  not  only  upon  their  rounded  but  upon  their  flat  face,  in  order  to  grind  tad 
polisih  in  their  turn  the  flat  and  curved  surfaces  of  glass  vessels.  Other  discs  of  tke 
same  diameter,  but  only  {  of  an  inch  thick,  are  made  of  cast  tin  truly  jtorned,  and  went 
for  polishint;  the  vessels  previously  ground ;  a  third  set  consist  of  sheet  iron  from  ^  to  } 
an  inch  thick,  and  12  inches  in  diameter,  and  are  destined  to  cut  grooves  in  glass  hy  tke 
aid  of  sand  and  water.  Small  discs  of  well-hammered  copper  from  )  to  3  inches  it 
diameter,  whose  circumference  is  sometimes  flat,  and  sometimes  concave  or  convex,  ttm 
to  make  all  sorts  of  delineations  upon  glass  by  means  of  emery  and  oil.  Lastly,  there 
are  rods  of  copper  or  brass  furnished  with  small  hemispheres  from  to  J  of  an  inch  is 
diameter,  to  excavate  round  hollows  in  glass.  Wooden  discs  are  also  employed  for  polidk 
ing,  made  of  white  wood  cut  across  the  grain,  as  also  of  cork. 

The  cutting  of  deep  indentations,  and  of  grooves,  is  usually  performed  by  the  irot 
disc,  with  sand  and  water,  which  are  allowed  constantly  to  trickle  down  from  a  woodes 
hopper  placed  right  over  it,  and  furnished  with  a  wooden  stopple  or  plug  at  the  aph,to 
regulate  by  its  greater  or  less  looseness  the  flow  of  the  grinding  materials.  The  ssne 
efi*ect  may  be  produced  by  using  buckets  as  shown  in  fig,  517.  The 
517  sand  which  is  contained  in  the  bucket  f,  above  the  lathe,  has  a  spigot 
and  faucet  inserted  near  its  bottom,  and  is  supplied  with  a  stseaia  of 
water  from  the  stopcock  in  the  vessel  g,  which,  together  running  down 
the  inclined  board,  are  conducted  to  th^  periphery  of  the  disc  as  shovi 
in  the  figure,  to  whose  lowest  point  the  glass  vessel  is  applied  witk 
pressure  by  the  hand.  The  sand  and  water  are  afterwards  collected  ii 
the  tub  H.  Finer  markings,  which  are  to  remain  without  lustre,  aie 
made  with  the  small  copper  discs,  emery,  and  oil.  The  polishing  ii 
effected  by  the  edge  of  the  tin  disc,  which  is  from  time  to  time  moiften- 
ed  with  putty  (while  oxyde  of  tin)  and  water.  The  wooden  diM  is 
also  employed  for  thi$  purpose  with  putty,  colcothar,  or  washed  tripolL 
For  fine  delineations,  the  glass  is  first  traced  over  with  some  ooloRd 
varnish,  to  guide  the  hand  of  the  cutter. 

In  grinding  and  facetiin:?  crystal  glass,  the  deep  grooves  are  fint 
cut,  for  example  the  cross  lines,  with  the  iron  disc  and  rounded  edge, 
by  means  of  sand  and  water.  That  disc  is  one  sixth  of  an  inch  thick 
and  12  inches  in  diameter.  With  another  iron  disc  about  half  an  inch  thick,  and  more 
or  less  in  diameter,  according  to  the  curvature  of  the  surface,  the  grooves  may  be  widen* 
ed.  These  roughly  cut  parts  must  be  next  smoothed  down  with  the  sandstone  disc  tod 
water,  and  then  polished  with  the  wooden  disc  about  half  an  inch  thick,  to  whose  ed^ 
the  workman  applies,  from  lime  to  time,  a  bag  of  fine  linen  containing  some  ground  pnmice 
moistened  with  water.  When  the  cork  or  wooden  disc  edged  with  hat  felt  is  used  for 
polishine,  putty  or  colcothar  is  applied  to  it.  The  above  several  processes  in  a  large 
manufactory,  are  usually  committed  to  several  workmen  on  the  principle  of  the  divisioo 
of  labor,  so  that  each  may  become  expert  in  his  department. 

2.  The  grinding  of  optical  glasses. — The  glasses  intended  for  optical  purposes,  being 
cpherically  ground,  are  called  lenses ;  and  are  used  either  as  simple  magnifiers  and  spe^ 
lacles,  or  for  telescopes  and  microscopes.  The  curvature  is  always  a  portion  of  a  sphere, 
and  either  convex  or  concave.  This  form  ensures  the  convergence  or  divergence  of  the 
rays  of  light  that  pass  through  them,  as  the  polishing  does  the  brightness  of  the 
ima?e. 

The  grinding  of  the  lenses  is  performed  in  brass  moulds,  either  concave  or  coovex, 
formed  to  the  same  curvature  as  that  desired  in  the  lenses ;  and  may  be  worked  eithrr  by 
hand  or  by  machinery.  A  ?ange  is  first  cut  out  out  of  brass  or  copper  plate  to  suit  the 
curvattire  of  the  lens,  the  circular  arc  being  traced  by  a  pair  of  compasses.  In  thiswsjF 
both  a  convex  and  concave  circular  gauge  are  obtained.  To  these  gauges  the  bn« 
moulds  are  turned.  Sometimes,  also,  lead  moulds  are  used.  AAer  the  two  moulds  are 
made,  they  are  ground  face  to  face  wiih  fine  emery. 

The  piece  of  glass  is  now  roughed  into  a  circular  form  by  a  pair  of  pincers,  leaviag 
it  a  little  larser  than  the  finished  lens  ought  to  be,  and  then  smoothed  round  upon  the 
•tone  disc,  or  in  an  old  mould  with  emery  and  water,  and  is  next  made  fast  to  a  boldp 
Aist.  This  consists  of  a  round  brass  plate  having  a  screw  in  its  back ;  and  is  aomewhit 
nailer  in  diameter  than  the  lens,  and  two  thirds  as  thick.  This  as  taiaed  coacave  ^ 
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the  lathe,  and  then  attached  to  the  piece  of  glass  by  drops  of  pitch  applied  to  seTcral 
points  of  iu  sorface,  taking  care,  while  the  pitch  is  warm,  that  the  centre  of  the  glass 
eoincides  with  the  centre  of  the  brass  plate.  This  serves  not  merely  as  a  holdfast,  by 
enabling  a  person  to  seize  its  edge  with  the  fingers,  but  it  prevents  the  glass  from  bend* 
uig  by  the  necessary  pressure  in  grinding. 

The  glass  must  now  be  ground  with  coarse  emery  upon  its  appropriate  mould,  whether 
eoBvex  or  concave,  the  emery  being  all  the  time  kept  moist  with  water.  To  prevent  the 
beat  of  the  hand  from  afifecting  the  glass,  a  rod  for  holding  the  brass  plate  is  screwed  to 
its  back.  For  every  six  turns  of  circular  motion,  it  must  receive  two  or  three  rubs  across 
the  diameter  in  different  directions,  and  so  on  alternately.  The  middle  point  of  the  glass 
Dust  never  pa^s  beyond  the  edge  of  the  mould;  nor  should  strong  pressure  be  at  any 
time  applied.  Whenever  the  glass  has  assumed  the  shape  of  the  mould,  and  touches  it 
in  every  point,  the  coarse  emery  must  be  washed  away,  finer  be  substituted  in  its  place, 
nnd  the  grinding  be  continued  as  before,  till  all  the  scratches  disappear,  and  a  uniform 
dead  surface  be  produced.  A  commencement  of  polishing  is  now  to  be  given  with  pum- 
ice stone  powder.  During  all  this  time  the  convex  mould  should  be  occasionally  worked 
in  the  concave,  in  order  that  both  may  preserve  their  correspondence  of  shape  between 
them.  After  the  one  surface  has  been  thus  finished,  the  glass  must  be  turned  over,  and 
treated  in  the  same  way  upon  the  other  side. 

Both  surfaces  are  now  to  be'  polished.  With  this  view  equal  parts  of  pitch  and  rosin 
mnst  be  melted  tosether,  and  strained  through  a  cloth  to  separate  all  impurities.  The 
concave  mould  is  next  to  be  heated,  and  covered  with  that  mixture  in  a  fluid  state  to  the 
thidcness  uniformly  of  one  quarter  of  an  inch.  The  cold  convex  mould  is  now  to  be 
pressed  down  into  the  yielding  pitch,  its  surface  being  quite  clean  and  dry,  in  order  to 
give  the  pitch  the  exact  form  of  the  ground  lens;  and  both  are  to  be  plunged  into  cold 
water  till  they  be  chilled.  This  pitch  impression  is  rtow  the  mould  upon  which  the 
glass  is  to  be  polished,  according  to  the  methods  above  described,  with  finely  washed 
colcothar  and  water,  till  the  surface  become  perfectly  clear  and  brilliant.  To  prevent  the 
pitch  from  changing  its  figure  by  the  friction,  cross  lines  must  be  cut  in  it  about  an  inch 
•sunder,  and  l-12th  of  an  inch  broad  and  deep.  These  grooves  remove  all  the  super- 
iaons  parts  of  the  polishing  powder,  and  tend  to  preserve  the  polishing  surface  of  the 
pitch  clean  and  unaltered.  No  additional  colcothar  after  the  first  is  required  in  this  part 
of  the  process;  but  only  a  drop  of  water  from  time  to  time.  The  pitch  gets  warm  as  the 
polishing  advances,  and  renders  the  friction  more  laborious  from  the  adhesion  between 
the  surfaces.  No  interruption  must  now  be  suffered  in  the  work,  nor  must  either  water 
or  colcothar  be  added ;  but  should  the  pitch  become  too  adhesive,  it  must  be  merely 
breathed  upon,  till  the  polish  be  complete.  The  nearer  the  lens  is  brought  to  a  true  and 
fine  surface  in  the  first  grinding,  the  better  and  mpre  easy  does  the  polishing  become.  It 
sbooM  never  be  submitted  to  this  process  with  any  scratches  perceptible  ia  it,  even 
when  examined  by  a  magnifier. 

As  to  small  lenses  and  spectacle  eyes,  several  are  ground  and  polished  together  in  a 
Bonld  about  6  inches  in  diameter,  made  fast  to  a  stifiening  plate  of  brass  or  iron  of  a 
shape  corresponding  with  the  mould.  The  pieces  of  glass  are  affixed  by  means  of  drops 
of  pitch,  as  above  described,  to  the  mould,  close  to  each  other,  and  are  then  all  treated  as 
if  they  formed  but  one  large  lens.  Plane  glasses  are  ground  upon  a  surface  of  pitch 
rendered  plane  by  the  pressure  of  a  piece  of^  plate  glass  upon  it  in  its  soAened  state. 

Lenses  are  also  ground  and  polished  by  means  of  machinery,  iato  the  details  of  which 
the  limits  of  this  work  will  not  allow  me  to  enter. 

A  Retam  to  an  Order  of  the  Honorable  the  House  of  Commons,  dated  1st  March. 
1838,  of  the  Amount  of  Duty  charged  on  Glass ;  distinguishing  the  Amount  charged 
on  Flint,  Plate,  Broad,  Crown,  Bottle,  and  German  Sheet,  in  the  Year  ending  the 
5th  day  of  January,  1838 ;  together  with  the  Amount  of  Drawback  on  each  descrip- 
tion of  Glass ;  the  produce  of  the  Duties  in  England,  Scotland,  and  Ireland,  stated 
separately. 


Amoaiit  of  Duty  cliargrd  on 

T«UL 

Flint  GlaM. 

PlAt«. 

Browi. 

Crown. 

BocUe. 

OOTmnn 

8hMt. 

UfluMl 
Soodaad 

bvUmd 

£     t.  i. 

itjm  1  0 

7.530  0  4 
6,7SS  It  11 

£  t. 

oe^  10 

£  i. 
10,760  10 

£      i.  4. 
533,404  e  7 
10,433  11  e 

£     t.  d. 
198.017  10  9 
39,940  4  1 
3,049  0  3 

£  i. 
95,511  17 

£     ».  4. 
89im  14  • 
56,900  4  11 
10.r6  13  t 

Total 

9(^910  3  3 

66.009  10 

10,760  10 

540,817  16  1 

166,505  14  6 

95.511  17 

003.636  19  to 

AmuI  of  DimwfaMk  M  bpMte. 

Cnwm. 

Iniud 

£     «.  A 
1^N7  t  7 
1»710  15  5 
107  M  0 

1,001  17  0 

£  «. 
4  10 

£      «.  A 
108,000  10  t 
8,0M  0  0 
10  0  1 

£  §,4. 
10,770  10  0 
14,810  8  1 

874  10  8 

£     «.  JL 
8MM17  8 
SBU  8 

^— 

£      M,  i. 

mm  0  0 

tSkW  0  0 
lOBM  8 

TMal 

17.4SI  If  t 

1,981  17  0 

4  10 

1T7W  0  ll 

7im  8  11 

iaj88»  tl 

888,780  1810 

I  of  8^  Willi  the  i 

to.  8oe  DiAMomstea 


Hie  dutioi  payable  ia  the  United  yiagiWn  npoB  ths  diflcml  < 

X  «.  ^ 

FUatglaoOytlie  finished  artiele  -  -OOSperlb. 

Britith  plate  or  Oennan  ohee^  and  evown  glaai^  din*      •  S  IS  6  per  cwu 
Broad  glan,  ditto      -  1  10  0  ^ 

Bottles,  ditto      -0  7  0  ^ 

Plate  glassy^e  fbsed  material  inpol       -        •  .|00^ 

GLAZES.  See  PomnT. 

OLAZIER  io  the  workman  who  cnta  plates  or  paios  c 
ftotens  them  by  means  of  p«tty  in  firames  or  window  cas 
cqdanation  of  iu  risssmtfing  property. 
GLAUBER  SALT isthertd  nnme of  snlphate of  soda. 
GLOVE  MANUFACTURE.    In  Fshnmrr,  I8»^  Mr.  James  Winter, 
lade^Hambdoo,  in  the  eoonty  of  Soncnet,  obtnined  a  pnlent  Ibr  an  improvci 
519  afbrmerpatoatmachiaeof  hkibri 

oiating  leather  ^ofes.  F^,  618  i 
a  pedestal,  npon  whieh  the  testmment  esIU 
Ithe  jawslstobeplaeed.  f^.  619  shows  the 
jaws,  whieh  iastMd  of  opening  and  dosiaf 
a  eirenlar  movement  npon  a  joint  as  desoM 
in  the  former  speeifieation,  are  now  made  H 
open  and  shot  by  a  parallel  horinoatal  marf 
ment,  effected  by  a  slide  and  screw ;  a  a  it  Ik 
524  fixed  jRl^  made  of  one  piece,  on  the  luder 
side  of  which  is  a  tenon,  to  be  inserted  iilo 
the  top  of  the  pedestal.  By  means  of  tkis 
tenon  the  jaws  may  be  readily  removed,  tad 
another  similar  pair  of  jaws  placed  in  their 
stead,  which  affords  theadTantage  of  ezpeditisf 
the  operation  by  enabling  one  person  to  pre- 
pare the  work  whilst  another  is  sewing ;  6  6  is 
the  DMveable  jaw,  made  of  one  piece.  The 
two  jaws  being  placed  together  in  the  maaacr 
shown  at  fig,  519,  the  moTeable  jaw  traTGno 
backwards  and  forwards  npon  two  guide-bai% 
c,  which  are  made  to  pass  through  holes  ex- 
actly fitted  to  them,  in  the  lower  parts  of  the 
jaws.  At  the  upper  parts  of  the  jaws  are 
what  are  called  the  indexes,  d  <2,  which  are 
pressed  tightly  together  by  a  spring,  shows  at 
fig.  520,  and  intended  to  be  introdoced  be- 
tween the  perpendicular  ribs  of  the  jaws  al 
e.  At  /  is  a  thumbscrew,  passing  through 
the  ribs  for  the  purpose  of  tightening  the  jaws,  and  holding  the  leather  fast  between  the 
indexes  while  bein?  sewn ;  this  screw,  however,  will  seldom,  if  ever,  be  necessary  if  the 
spring  is  sufficiently  strong ;  g  is  an  eye  or  ring  fixed  to  the  moveable  jaw,  throagh  which 
the  end  of  a  lever,  h,  in  fig,  518  passes  ;  this  lever  is  connected  by  a  spring  to  a  treadle, 
t,  at  the  base  of  the  pedestal,  and  by  the  pressure  of  the  right  foot  upon  this  treadle, 
the  moveable  jaw  is  withdrawn  ;  so  that  the  person  employed  in  sewing  may  shift  the 
leather,  and  place  another  part  of  the  glove  between  the  jaws.  The  pieces  called  indexes 
are  connected  to  the  upper  part  of  the  jaws,  by  screws  passing  throngh  elongated  holes 
which  render  them  capable  of  adjustment. 

The  patentee  states,  4hat  in  addition  to  the  index  described  in  hb  former  patent,  whi^ 
is  applicable  to  what  is  called  round-seam  sewing  only,  and  which  permits  the  leather  to 
expand  but  in  one  direction  when  the  needle  is  passed  through  it,  namely,  upwards^  he 
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now  makes  two  indexes  of  different  construction,  one  of  which  he  calls  the  recediiig 
index,  and  the  other  the  longitudinally  grooved  index.  Fig,  521  represents  an  end  view, 
and  fig.  522  a  top  view  of  the  receding  index,  which  is  particularly  adapted  for  what  are 
eaUed  *^  drawn  sewing,  and  prick-seam  sewing this  index,  instead  of  biting  to  the  top^ 
is  so  rounded  off  in  the  inside  from  the  bottom  of  the  cross  grooves,  as  to  permit  tne 
■eedles,  by  being  passed  backwards  and  forwards,  to  carry  the  silk  thread  on  each  side 
of  the  leather  without  passing  over  it.  Fig,  523  represents  an  end  view  of  the  longitu- 
dinally grooved  index,  partly  open,  to  show  the  section  of  the  grooves  more  distinctly ; 
andySg.  524  represents  an  inside  view  of  one  side  of  the  same  index,  in  which  the  longi- 
tudinal groove  is  shown  passing  from  k  lo  L  This  index  is  more  particularly  adapted  to 
round  seam  sewing,  and  permits  the  leather  to  expand  in  every  direction  when  the  needle 
is  passed  through  it,  by  which  the  leather  is  less  strained,  and  the  sewing  consequently 
rendered  much  stronger. 

It  is  obvious  that  the  parallel  horizontal  movement  may  be  effected  by  other  mechani- 
cal means  besides  those  adopted  here,  and  the  chief  novelty  claimed  with  respect  to  that 
movement,  is  its  application  to  the  purpose  of  carrying  the  index  used  in  sewing  and 
pointing  leather  gloves. 

Importation  of  leather  gloves  for  home  consumption ;  and  amount  of  duty  in 
1836.  1837.        I        1836.  1837. 

1,461,769.     I     1,221,350.     |     je27,558.  £22,923. 

GLOVE-SEWIXG.  The  following  simple  and  ingenious  apparatus,  invented  by 
an  Englishman,  has  been  employed  extensively  in  Paris,  and  has  enabled  its  proprietors 
to  realize  a  handsome  fortune.  The  French  complain  that  ^it  has  inundated  the  world 
with  gloves,  made  of  excellent  quality,  at  30  per  cent,  under  their  former  wholesale 
fm/mhtAfitfmh\mmi  a  prides."   The  instrument  b 

525  shown  in  profile  ready  for  ac- 

tion in  fig.  525.  It  resembles 
an  iron  vice,  having  the  upper 
portion  of  each  jaw  made  of 
brass,  and  tipped  with  a  kind 
of  comb  of  the  same  metal.  The 
teeth  of  this  comb,  only  one 
twelfth  of  an  inch  long,  are 
perfectly  regular  and  equal. 
Change  combs  are  provided  for 
different  styles  of  work.  The 
vice  A  A  is  made  fast  to  the 
edge  of  the  bench  or  table  b, 
of  the  proper  height,  by  a 
thumb-screw  c,  armed  with  a 
cramp  which  lays  hold  of  the 
wood.  Of  the  two  jaws  com- 
posing the  machine,  the  one  d 
is  made  fast  to  the  toot  a  a,  but  the  other  e  is  moveable  upon  the  solid  base  of  the  machine, 
¥f  means  of  a  hinge  at  the  point  r.  At  1 1  is  shown  how  the  upper  brass  portion  is  ad- 
justed to  the  lower  part  made  of  iron  ;  the  two  being  secured  to  each  other  by  two  stout 
screws.  The  comb,  seen  separately  in  fig,  527,  is  made  fast  to  the  upper  end  of  each 
jaw,  by  the  three  screws  nnn.  Fig,  526  is  a  front  view  of  the  jaw  mounted  with  its 
OMnb,  to  illustrate  its  construction. 

The  lever  k  corresponds  by  the  stout  iron  wire  l,  with  a  pedal  pressed  by  the  needle- 
woman's foot,  whenever  she  wishes  to  separate  the  two  jaws,  in  order  to  insert  between 
them  the  parallel  edges  of  leather  to  be  sewed.  The  instant  she  liHs  her  foot,  the  two 
jaws  join  by  the  force  of  the  spring  o,  which  pushes  the  moveable  jaw  £  against  the 
slAionary  one  d.   The  spring  is  made  fast  to  the  frame  of  the  vice  by  the  screw  h. 

AAer  putting  the  double  ed^e  to  be  sewed  in  its  place,  the  woman  passes  her  needle 
successively  through  all  the  teeth  of  the  comb,  and  is  sure  of  making  a  regular  seam  in 
every  direction,  provided  she  is  careful  to  make  the  necKile  graze  along  the  bottom  of  the 
notches.  As  soon  as  this  piece  is  sewed,  she  presses  down  the  pedal  with  her  toes, 
whereby  the  jaws  start  asunder,  allowing  to  introduce  a  new  seam,  and  so  in  quick 
accession. 

The  comb  may  have  any  desired  shape,  straight  or  curved;  and  the  teeth  may  be 
larger  or  smaller,  according  to  the  kind  of  work  to  be  done.  With  this  view,  the  combe 
might  be  changed  as  occasion  requires ;  but  it  is  more  economical  to  have  sets  of  vicei 
ready  mounted  with  combs  of  every  requisite  size  and  form. 

GLUCINA  (CUuciMy  Ft,;  BerryUerde^  Germ.)  is  o^e  tif        primitive  tKt^ 


drlgiuUy  difcorored  bj  Vavqiieli&y  in  the  beryl  umI  fBiwiM.  II  BMiy  bs  cstiMhl 
fhn  eiiher  these  minerali,  by  treating  their  powder  sneecMif with  iintiifcj  vift 
water,  and  with  mnriatie  acid.  The  adotiott  by  the  latter,  being  emporated  lo  iijim 
ia  to  be  dicestcd  with  water,  and  filtered.  On  poaring  eariioaate  of  — nwwiin  in  aca 
into  the  liquid,  we  fcHrm  aduble  mnriate  of  anunoan^  with  inaolnble  orbonntei  of 
chrome,  and  iron,  as  alto  earbooate  of  glndna,  whl^  nay  be  distolfcd  oat  fton  ihe  Rtf 
by  an  excess  of  carbonate  of  ammonia.  When  the  liquid  is  llhered  aaew,  Ike  fMsa 
pasaes  throagh,  and  may  be  precipitated  in  the  state  of  a  caibonate  by  boiling  the  ISf^ 
which  expels  the  excess  of  ammonia.  By  washing,  drying,  and  cnlelnlag  the  tnibiMl^ 
pnre  glocina  is  obtained.  It  is  a  white  insipid  powder,  infhsible  in  the  best  of  a  ssHibi 
forge,  insolnble  in  water,  bnt  soluble  in  can»tic  potash  and  aodni  as  nlso^  eepecinBy  whsi 
it  is  a  hydrate,  in  carbonaf e  oT  ammonia.  It  has  a  metallie  base  called  glndnvB,  of  wUd 
100  parts  combine  with  45-252  of  oxygen  to  form  the  earth.  It  it  too  tare  to  be  tascs|k 
tible  of  application  in  mannfactnret. 

GLUE  {C<au  Jbrt9,  Fr.  (  Isfm,  TinkUrkim,  Oenn.)  it  the  dieflnenl  nbsttnee 
gelatine  in  a  dry  state.  The  prepaimtion  and  preserrafion  of  the  skin  nad  odMr 
animal  matters  employed  in  the  mannfactnre  of  ghie,  conslitnle  n  peculiar  \nmk 
of  industry.  Those  who  exercise  it  shonld  sindy  to  prevent  the  fermematiiNi 
the  substances,  and  to  diminish  the  cost  of  carriage  by  depriving  them  of  at  and 
water  as  can  conTcniently  be  done.  They  mny  then  be  put  in  prepamtioii  by  naeeni* 
ing  them  in  milk  of  lime,  renewed  three  or  four  times  in  the  cDome  of  a  Ibrtaqihl 
or  three  weeks.  This  process  is  perfonned  in  larie  tanks  of  maaonry.  They  sir 
next  taken  out  with  all  the  adhering  lime,  and  laid  in  a  layer,  2  or  3  indict  Ikk^ 
to  drain  and  dry,  upon  a  sloping  pavement,  where  they  are  turned  over  by  piaan 
two  or  three  timet  a  day.  The  actkm  of  the  lime  dissolves  the  blood  and  eertsii 
toft  parts,  attacks  the  epidermis,  and  ditpoaet  the  gelatinont  matter  to  ditaolveiHR 
readily.  When  the  deadbed  matters  are  dried,  they  may  be  packed  in  taekt  or  hofh 
heads,  and  transported  to  the  glue  maanfaetory  at  any  distance.  The  priaciisl 
tnbstances  of  which  glue  is  made  are  the  parings  of  ox  nnd  other  fbidc  hido,  whkl 
form  the  strongest  article ;  the  refuse  of  the  leather  dresser  {  both  afiTord  from  45  to  fif 
per  cent,  of  glne.  The  tendons,  and  many  other  ofials  of  slanghter  houses,  akm  aM 
materials,  though  of  an  inferior  quality,  for  the  purpose.  The  refuse  of  tanneries 
such  as  the  ears  of  oxen,  calves,  sheep,  fcc.,  are  better  artides;  bnt  parings  of  panh* 
ment,  old  gloves,  and,  in  fact,  animal  skin,  in  every  form,  uncombined  with  tannin,  vy 
be  made  into  glue. 

The  manufacturer  who  receives  these  materials,  is  generally  careful  to  ensure  their 
puritication  by  subjecting  them  to  a  weak  lime  steep,  and  rinsing  them  by  exposure  is 
baskets  to  a  stream  of  water.  They  are  lastly  drained  upon  a  sloping  snrface,  as  shove 
described,  and  well  turned  over  till  the  quicklime  gets  mild  by  absorption  of  carbonic 
acid ;  for,  in  its  caustic  state,  it  would  damaee  the  glue  at  the  heat  of  hoiling  water.  It 
is  not  necessary,  however,  to  dry  them  before  they  arc  put  into  the  boiler,  because  they 
dissolve  faster  in  their  soA  and  tumefied  state. 

The  boiler  is  made  of  copper,  rather  shallow  in  proportion  to  its  area,  with  a  unifoia 
flat  bottom,  equably  exposed  all  over  to  the  flame  of  the  fire.  Above  the  true  hottom 
there  is  a  false  one  of  copper  or  iron,  pierced  with  holes,  and  standing  upon  feet  3  or  4 
inches  high ;  which  serves  to  sustain  the  animal  matters,  and  prevent  them  from  being  iD> 
jured  by  the  fire.  The  copper  being  filled  to  two  thirds  of  its  height  with  sofl  water,  isthea 
heaped  up  with  the  bulky  animal  substances,  so  high  as  to  surmount  its  brim.  Bat  sooa 
after  the  ebullition  begins  they  sink  down,  and,  in  a  few  hours,  get  entirely  immersed  ia 
the  liquid.  They  should  be  stirred  about  from  time  to  time,  and  well  pressed  down  to- 
ward the  false  bottom,  while  a  steady  but  gentle  boil  is  maintained. 

The  solution  must  be  drawn  off  in  successive  portions ;  a  method  which  fractions  tfat 
products,  or  subdivides  them  into  articles  of  various  value,  gradually  decreasing  from  the 
first  portion  drawn  off  to  the  last.  It  has  been  ascertained  by  careful  experiments  that 
gelatine  gets  altered  over  the  fire  very  soon  after  it  is  dissolved,  and  it  ought  therefore  to  be 
drawn  off  whenever  it  is  sufficiently  fluid  and  strong  for  forming  a  clear  gelatinous  oi#s 
on  cooling,  capable  of  being  cut  into  moderately  firm  slices  by  the  wire.  This  point  is 
commonly  determined  by  filling  half  an  egg-shell  with  the  liquor,  and  exposing  it  to  the 
air  to  cool.  The  jelly  ought  to  get  very  consistent  in  the  course  of  a  few  minutes ;  if  not 
so,  the  boiling  must  be  persisted  in  a  little  longer.  When  tbis  term  is  attained,  the  fire  is 
smothered  up,  and  the  contents  of  the  boiler  are  left  to  settle  for  a  quarter  of  an  boor. 
The  siop-cock  being  partially  turned,  all  the  thin  gelatinous  liquor  is  run  ofl^  into  a  deep 
boiler,  immersed  in  a  warm  water  bath,  so  that  it  may  continue  hot  and  fluid  for  several 
hours.  At  the  end  of  this  time,  the  supernatant  clear  liquid  is  to  be  drawn  ofiT  into  eoa- 
gealing  boxes,  as  will  be  presently  explained. 

'  The  grounds,  or  undi.«solved  matters  in  the  boiler,  are  to  be  aeain  supplied  wkha 
quantity  of  boiling  water  from  an  adjoining  copper,  and  are  to  be  once  more  subjected  to 
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the  aetion  of  the  fire,  till  the  contents  assume  the  appearance  of  dissolved  jelly,  and  afibrd 
a  fresh  qaantitjr  of  strong  glue  liquor,  by  the  stop-cock.  The  grounds  should  be  sub- 
ieeted  a  third  time  to  this  operation,  after  which  they  may  be  put  into  a  bag,  and  squeezed 
in  a  press  to  leave  nothing  unextracted.  The  latter  solutions  are  usually  too  weak  to 
fytm  glue  directly,  but  they  may  be  strengthened  by  boiling  with  a  portion  of  fresh 
•kin-parings. 

Fig.  528  represents  a  convenient  apparatus  for  the  boiling  of  skins  into  glue,  in  which 


there  are  three  coppers  upon  three  different  levels ;  the  uppermost,  being  acted  upon  by 
the  waste  heat  of  the  chimney,  provides  warm  water  in  the  most  economical  way ;  the 
second  contains  the  crude  materials,  with  water  for  dissolving  them ;  and  the  third 
reeeives  the  solution  to  be  settled.  The  last  vessel  is  double,  with  water  contained 
between  the  outer  and  inner  one ;  and  discharges  its  contents  by  a  stop-cock  into  buck- 
ets for  filltni;  the  gelatinizing  wooden  boxes.  The  last  made  solution  has  about  one 
fiTe-hundredth  part  of  alum  in  powder  usually  added  to  it,  with  proper  agitation,  aAer 
which  it  is  left  to  settle  for  several  hours. 

The  three  successive  boils  furnish  three  different  qualities  of  glue. 

Flanders  or  Dutch  glue,  long  much  esteemed  on  the  Continent,  was  made  in  the 
manner  above  described,  but  at  two  boils,  from  animal  offals  well  washed  and  soaked,  so 
as  to  need  less  boiling.  The  liquor,  being  drawn  off  thinner,  was  therefore  less  colored, 
and  being  made  into  thinner  plates,  was  very  transparent.  The  above  two  boils  gave  two 
qoalities  of  glue. 

By  the  English  practice,  the  whole  of  the  animal  matter  is  brought  into  solution  at  once^ 
and  the  liquor  being  drawn  off,  hot  water  is  poured  on  the  residuum,  and  made  to  boil  on 
it  for  some  time,  when  the  liquor  thus  obtained  is  merely  used  instead  of  water  upon  a 
fiesh  quantity  of  glue  materials.  The  first  drawn  off  liquor  is  kept  hot  in  a  settling  cop- 
per for  five  hours,  and  then  the  clear  solution  is  drawn  off  into  the  boxes. 

These  boxes  are  made  of  deal,  of  a  square  form,  but  a  little  narrower  at  bottom  than 
at  top.  When  very  regular  cakes  of  glue  are  wished  for,  cross  grooves  of  the  desired 
square  form  are  cut  in  the  bottom  of  the  box.  The  liquid  glue  is  poured  into  the  boxes 
placed  very  level,  through  funnels  furnished  with  filter  cloths,  till  it  stands  at  the  brim 
of  each.  The  apartment  in  which  this  is  done  ought  to  be  as  cool  and  dry  as  possible^ 
to  favor  the  solidification  of  the  glue,  and  should  be  floored  with  stone  flags  kept  very 
dean,  so  that  if  any  glue  run  through  the  seams,  it  may  be  recovered.  At  the  end  of 
12  or  18  hours,  or  usually  in  the  morning  if  the  boxes  have  been  filled  over- 
night, the  glue  is  sufficiently  firm  for  the  nets,  and  they  are  at  this  time  removed  to 
an  npper  story,  mounted  with  ventilating  windows  to  admit  the  air  from  all  quarters. 
Here  the  boxes  are  inverted  tipon  a  moistened  table,  so  that  the  gelatinous  cake  thus 
tnmed  out  will  not  adhere  to  its  surface ;  usually  the  moist  blade  of  a  long  knife  is 
insinuated  round  the  sides  of  the  boxes  beforehand,  to  loosen  the  glue.  The  mass  is  first 
divided  into  horizontal  layers  by  a  brass  wire  stretched  in  a  frame,  like  that  of  a  bow- 
saw, and  guided  by  rulers  which  are  placed  at  distances  corresponding  to  the  desired 
thickness  of  the  cake  of  glue.  The  lines  formed  by  the  grooves  in  the  bottom  of  the 
box  define  the  superficial  area  of  each  cake,  where  it  is  to  be  cut  with  a  moist  knife. 
The  gelatinous  layers  thus  formed  must  be  dexterously  lifted,  and  immediately  lakl 
npon  nets  stretched  in  wooden  frames,  till  each  frame  be  filled.  These  frames  are  set 
over  each  other  at  distances  of  about  three  inches,  being  supported  by  small  woodcB 
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pegs,  stuck  into  mortise  holes  in  an  upright,  fixed  round  the  room ;  to  that  the  air  aaf 
have  perfectly  free  access  on  every  side.  The  cakes  must  moreover  be  turned  upside  don 
upon  the  nets  twice  or  thrice  every  day,  which  is  readily  managed^  as  each  frame  may  bt 
slid  out  like  a  drawer,  upon  the  pegs  at  its  two  sides. 

The  drying  of  the  glue  is  the  most  precarious  part  of  the  manufaetare.  The  IflM 
disturbance  of  the  weather  may  injure  the  glue  during  the  two  or  three  first  days  of  ib 
exposure  ;  should  the  temperature  of  the  air  rise  considerably,  the  gelatine  may  tonn 
soft  as  to  become  unshapely,  and  even  to  run  through  the  meshes  upon  the  pieces  bdov, 
or  it  may  get  attached  to  the  strings  and  surround  them,  so  as  not  to  be  sepanUe 
without  plunging  the  net  into  boiling  water.  If  frost  supervene,  the  water  may  freeie 
and  form  numerous  cracks  in  the  cakes.  Such  pieces  must  be  immediatdy  le-mdied 
and  re-formed.  A  slight  fog  even  produces  upon  glue  newly  exposed  a  serioos  detoion- 
tion ;  the  damp  condensed  upon  its  surface  occasioning  a  general  mouldiness.  A  thn> 
derstorm  sometimes  destroys  the  coagulating  power  in  the  whole  lamime  at  once;  or  eauei 
the  glue  to  turn  on  the  nets,  in  the  language  of  the  manufacturer.  A  wind  too  dry  or 
too  hot  may  cause  it  to  dry  so  quickly,  as  to  prevent  it  from  contracting  to  its  proper  ne 
without  numerous  cracks  and  fissures.  In  this  predicament,  the  closing  of  all  the  flsfi 
of  the  windows  is  the  only  means  of  abating  the  mischief.  On  these  accounts  it  is  of  in- 
portance  to  select  the  most  temperate  season  of  the  year,  such  as  spring  and  aatnmi,  for 
the  glue  manufacture. 

After  the  glue  is  dried  upon  the  nets  it  may  still  preserve  toomnch  flexibilitj,  orfoftica 
at  least,  to  be  saleable ;  in  which  case  it  must  be  dried  in  a  stove  by  artificial  beat  Thii 
aid  is  peculiarly  requisite  in  a  humid  climate,  like  that  of  Great  Britain. 

When  sufficiently  dry  it  next  receives  a  gloss,  by  being  dipped  cake  by  cake  ia  hot 
water,  and  then  rubbed  with  a  brush  also  moistened  in  hot  water ;  aAer  which  the  fioe 
is  arranged  upon  a  hurdle,  and  transferred  to  the  stove  room,  if  the  weather  be  not 
sufficiently  hot.  One  day  of  proper  drought  will  make  it  ready  for  being  packed  up  ii 
casks. 

The  pale-colored,  hard,  and  solid  article,  possessing  a  brilliant  fracture,  which  is  mde 
from  the  parings  of  ox-hides  by  the  first  process,  is  the  best  and  most  cohesive,  and  ii 
most  suitable  for  joiners,  cabinet-makers,  painters,  &c.  But  many  workmen  are  infls- 
enced  by  such  ignorant  prejudices,  that  they  still  prefer  a  dark-colored  article,  with  80bk> 
what  of  a  fetid  odor,  indicative  of  its  impurity  and  bad  preparation,  the  result  of  bid 
materials  and  too  long  exposure  !o  the  boiling  heat. 

There  is  a  good  deal  of  clue  made  in  France  from  bones,  freed  from  the  phosphate  of 
lime  by  muriatic  acid.  This  is  a  poor  article,  possessing  little  cohe5.ive  force.  It  dis- 
solves almost  entirely  in  cold  water,  which  is  the  best  criterion  of  its  imperfection.  Gloe 
should  merely  soften  in  cold  water,  and  the  more  considerably  it  swells,  the  belter,  gener- 
ally speaking,  it  is. 

Some  manufacturers  prefer  a  brass  to  a  copper  pan  for  boiling  glue,  and  insist  much 
on  skimming  it  as  it  boils ;  but  the  apparatus  I  have  represented  renders  skimmin?  of 
little  consequence.  For  use,  glue  should  be  broken  into  small  pieces,  put  along  with  some 
water  into  a  vessel,  allowed  to  soak  for  some  hours,  and  subjected  to  the  heat  of  a  boil- 
ing-water bath,  but  not  boiled  itself.  ^  The  surrounding  hot  water  keeps  it  long  in  a  fit  state 
for  joiners,  cabinet-makers,  5tc. 

Water  containing  only  one  hundredth  part  of  good  glue,  forms  a  tremulous  solid. 
When  the  solution,  however,  is  healed  and  cooled  several  times,  it  loses  the  property  of 
gelalinizini:,  even  though  it  be  enclosed  in  a  vessel  hermetically  sealed.  Isinglass  or  fifh- 
glue  undergoes  the  same  change.  Common  glue  is  not  soluble  in  alcohol,  but  is  pre- 
cipitated in  a  white,  coherent,  elastic  mass,  when  its  water}'  solution  is  treated  with  thit 
fluid.  By  transmitting  chlorine  gas  through  a  warm  solution  of  glue  a  combinatioa 
is  very  readily  effected,  and  a  viscid  mass  is  obtained  like  that  thrown  down  by  alcohol 
A  little  chlorine  suffices  to  precipitate  the  whole  of  the  glue.  Concentrated  sulphuric 
acid  makes  glue  undergo  remarkable  changes ;  during  which  are  produced,  sugar  of  gela- 
tine, leucine,  an  animal  matter,  &c.  Nitric  acid,  with  the  aid  of  heat,  converts  due  into 
malic  acid,  oxalic  acid^  a  fat  analogous  to  suet,  and  into  tannin  ;  so  that,  in  this  way, 
one  piece  of  skin  may  be  made  to  tan  another.  When  the  mixture  of  glue  and  niirie 
acid  is  much  evaporated,  a  detonation  at  last  takes  place.  Strong  acetic  acid  readers 
glue  first  soft  and  transparent,  and  then  dissolves  it.  Though  the  solution  does  not 
gelatinize,  it  preserves  the  property  of  cluing  surfaces  together  when  it  dries.  Liquid 
glue  dissolves  a  considerable  quantity  of  lime,  and  also  of  the  phosphate  of  lime  recently 
precipitated.  Accordiniply  glue  is  sometimes  contaminated  with  that  salt.  Tannia 
both  natural  and  artificial  combines  with  slue ;  and  with  such  effect,  that  one  part  of 
glae  dissolve*!  in  5000  parts  of  water  affords  a  sensible  precipitate  with  the  infusioa  of 
natgalls.  Tannin  unites  with  glue  in  several  proportions,  which  are  to  each  other  « 
thfi  numbers  1,  J^,  and  2 ;  one  compound  consists  of  100  glue  and  89  tannin ;  another 
of  100  glue  and  60  uonin ;  and  a  third  of  100  glue  and  120  tannin.   These  two  sa^ 
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lot  be  afUrwanU  separated  from  each  other  by  any  known  chemieal 

be  freed  from  the  foreign  animal  matters  generally  present  in  it,  by  soft- 
old  water,  washing  it  with  the  same  sAreral  times  till  it  no  longer  gives  ont 
en  bruising  it  with  the  hand,  and  suspending  it  in  a  linen  bag  beneath  the 
large  quantity  of  water  at  60°  F.  In  this  case,  the  water  l<Mded  with  the 
rities  of  the  glue  gradually  sinks  to  the  bottom  of  the  vessel,  while  the  pure 
;  in  the  bag  surrounded  with  water.  If  this  soAened  glue  be  heated  to  9V 
ng  water,  it  will  liquefy ;  and  if  we  heat  it  to  122°,  and  filter  it,  some  albn- 
)ther  impurities  will  remain  on  the  filter,  while  a  colorless  solution  of  glne 
oagh. 

Its  have  not  yet  explained  how  gelatine  is  formed  from  skin  by  ebnllilioiu 
e  somewhat  analogous  to  that  of  starch  into  gum  and  sugar,  and  takes  plaM 
appreciable  disengagement  of  gas,  and  even  in  close  vessels.  Gelatine,  says 
»es  not  exist  in  the  living  body,  but  several  animal  tissues,  such  as  skin, 
irtshorn,  tendons,  the  serous  membranes,  and  bones,  are  susceptible  of  being 
to  it.  • 

(CoUe  Vegttale,  Fr. ;  ITWer,  GeAa.)  was  first  extracted  by  Beccaria  from 
and  was  long  regarded  as  a  proximate  principle  of  plants,  till  Einhof,  Tad- 
selius  succeeded  in  showing  that  it  may  be  resolved  by  means  of  alcohol  into 
It  substances,  one  of  which  resembles  closely  animal  albiimine,  and  has  been 
me,  or  vegetable  albumine;  another  has  been  called  Gliadinii  and  a  third, 
le  mode  of  separating  gluten  from  the  other  constituents  of  wheat  flour  has 
ed  towards  the  end  of  the  article  Bread.  « 

ten  dried  in  the  air  or  a  stove,  diminishes  greatly  in  size,  becomes  hard,  brit- 
^,  and  of  a  deep  yellow  color.  It  is  insoluble  in  ether,  in  fat,  and  essential 
rly  so  in  water.  Alcohol  and  acetic  acid  cause  gluten  to  swell  and  make  a 
-  solution.  Dilute  acids  and  alkaline  leys  dissolve  gluten.  Its  ultimate  eon- 
not  determined,  but  azote  is  one  of  them,  and  accordingly  when  moist  gluten 
nent,  it  exhales  the  smell  of  old  cheese. 

[N£  is  a  sweet  substance  which  may  be  extracted  from  fatty  substances, 
qual  parts  of  olive  oil  and  finely-ground  litharge,  put  them  into  a  basin  with 
',  set  this  on  a  sand  bath  moderately  heated,  and  stir  the  mixture  constantly, 
isional  addition  of  hot  water  to  replace  what  is  lost  by  evaporation,  we  shall 
hort  time  a  soap  or  plaster  of  lead.  AAer  having  added  more  water  to  this, 
le  vessel  from  the  fire,  decant  the  liquor,  filter  it,  pass  sulphureted  hydrogen 
I  separate  the  lead,  then  filter  afresh,  and  concentrate  the  liquor  as  much  as 
ithout  burning  upon  the  sand  bath.  What  remains  must  be  finally  evapora^ 
e  receiver  of  the  air-pump.  Glycerine  thus  prepared  is  a  transparent  liqoidi 
*  or  smell,  and  of  a  sirupy  consistence.  It  has  a  very  sweet  taste.  Its  spe- 
is  1*27  at  the  temperature  of  60°.  When  thrown  upon  burning  coals,  it 
d  burns  like  an  oil.  Water  combines  with  it  in  almost  all  proportions ;  alco- 
it  readily ;  nitric  acid  converts  it  into  oxalic  acid ;  and  according  to  Vogei, 
d  transforms  it  into  sugar,  in  the  same  wny  as  it  does  starch.  Ferment  or 
>t  affect  it  in  any  degree.  '* 
lents  are,  carbon,  40 ;  hydrogen,  9 ;  oxygen,  51 ;  in  100. 
I  the  name  of  one  of  the  great  mountain  formations,  being  reckoned  the 
stratified  rocks.  It  is  composed  of  the  same  substances  as  granite,  viz.: 
,  and  feldspar.  In  gneiss,  however,  they  are  not  in  granular  crystals,  but  in 
to  give  the  mass  a  slaty  structure.  It  abounds  in  metallic  treasures, 
ng.  and  Germ.;  Or,  Fr.).  This  metal  is  distinguished  by  its  splendid 
;  its  great  density  =  19*3,  compared  to  water  1*0 ;  its  fusibility  at  the 
of  Wedgewood's  pyrometer ;  its  pre-eminent  ductility  and  malleability, 
m  be  beat  into  leaves  only  one  282,000th  of  an  inch  thick;  and  its  insola- 
acid  menstruum,  except  the  mixture  of  muriatic  and  nitric  acids,  styled 
mists  aqua  regia,  because  gold  was  deemed  by  them  to  be  the  king  of 

ind  only  in  the  metallic  state,  sometimes  crystallized  in  the  cnbe^  and  its  de 
s.  It  occurs  also  in  threads  of  various  size,  twisted  and  interlaced  into  a  chain 
tahedral  crystals ;  as  also  in  spangles  or  roundish  grains,  which,  when  of  a 
itude,  are  called  pepUas,  The  small  grains  are  not  fragments  broken  from 
ss ;  but  they  show  by  their  flattened  ovoid  shape,  and  their  rounded  outline^ 
leir  original  state.  The  spec.grav.  of  native  gold  varies  from  13*3  to  17*7. 
ites  that  the  largest  pepita  known  was  one  found  in  Peru,  weighing  about 
les  (26|  lbs.  avoird.) ;  but  masses  have  been  quoted  in  the  provinee  of 
weighed  nearly  four  times  as  much, 
of  gold  is  the  alloy  with  silver^  or  argental  gol4#  the  deetmm  of  Plmy» 
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parity  64  of  goU  uid  36  of  sUm. 

Tbe  miaenl  IbrmatiDM  ia  whidi  tUt  metal  oceM%  ate  the  eryitaliM  priBidm  ndhk 
the  eoBpeet  tneiitioD  rodc%  the  tvadVlie  wU  Imp  racki^  mi  allrari  giowBii. 

II  ncter  prgdominetee  to  mcb  mdegwe  ei  te  wHif  le ^etae  hf  todt  Itiii 
■■winetgd,  and  at  it  were  impaated  ia  rtaay  laawei,  er  ipwad  eat  ia  thia  ptolaa 
m  their  toiftee^  or,  taetlji  imptaated  ia  their  eaviiiai^  aader  the  ahape  ef  1 
oyitallisMl  twigt.  The  miaefals  eooipoeiag  the  vataa  mn  " 
aidphate  of  barTta.  The  ores  tliat  aeeooipaBy  the  «oU  ia 
pgrnteis  copper  prriteib  aaleaa,  hleade,  aad  mitpfehel  (ancakal  pfiitcaV 
la  the  ores  etlkd  aurueroafl  pyritca,  thia  aietal  oeean  either  hi  a  mB 
ftim,  and  ilioogli  iavieible  ia  the  freih  pyrita^  fciBnaiw  vinhle  hj  ita  daeoapeeldMi  m 
the  hydrated  osyde  of  iroa  aUows  the  aatiTO  geU  partideala  dike  Ibithoa  IhekiedA^ 
haowB  groand,  evea  when  the  preeioaa  aietal  laaj  eoastilBta  ea|f  the  Iva  ■illwaih  pal 
at  its  weight,  as  at  Ramnelsheif  ia  the  Harts.  Ia  that  state  it  haa  heaa  BAiiaimd  ^ 
pao6t|  most  nreqaeBtly  bf  asMilgiBaatioa  with  aMRoiy,  pioviaf  that  lhailii  waa  hi  At 
aative  state,  and  not  hi  that  of  a  salphareL 

Gold  eiisls  anaong  the  primitive  siiala,  disseadaated  ia  amall  gratas^  apaaajfami 
crystals.  Brasil  affords  a  remaricable  csnmpte  of  thia  speeiea  cf  gold  laiae.  mm  sf 
nunilar  qoarts,  or  micaeeoas  speealar  iron,  ia  the  fltaria  of  Cochse,  IS  I 
vnta  Rica,  whieli  Ibrm  a  poitkia  of  a  ^aica-lkte  district,  iadada 
■alive  gold  in  spaagtos,  which  ta  this  ftrmghMes  rock  leplsee  arieB 


OoM  has  aever  beea  observed  ta  aay  seeoadary  ftraiattoa,  hat  pnttp  i 
iis  tme  and  primaiy  kcaliCy  among  the  trap  rocks  cf  igaceaa  origia  i 
sides  of  the  issnresi  er  disseminated  u  the  veins. 

The  aoriferons  ores  of  Hungary  aad  IVansylvaaia,  tompostd  of  tfWmiaaij  slw 
pvriles  or  snlphnret  of  silver,  and  native  goM,  lie  ta  masaos  er  poweiM  vciaa  laandk 
of  trachyte,  or  ia  a  decomposed  ftldspar  sabordinate  to  it  BuSk  ia  the  loeallif  ef  As 
gold  ore  of  K6ai«sberg^  of  Telkebanya,  betweea  Eperies  aad  Tskay  ia  HaBgBfy,sal 
probaUy  that  of  the  gold  ores  of  Kapoick,  Felsobaayi^  «Ee.,ta  I^aasylyaaiai  aa  arraap 
Bienent  nearly  the  same  with  what  oeears  ia  Eqeatonal  America.  The  aoriAraas  icai 
of  Chisnaittato,of  Real  dd  Monte,  of  VlUalpai^  are  similar  to  those  of  Seheauaii  ii 
Hangary,  as  to  magnitude,  relative  position,  the  aalare  of  the  ores  they  iadMs^  aad 
the  rocks  they  traverse.  These  districta  have  fanpreseed  all  nuneralogista  with  thesri* 
dences  of  the  action  of  volcanic  fire.  Brcislak  and  Hacqoet  have  described  the  giii 
mines  of  Transylvania  as  situated  in  the  crater  of  an  ancient  volcano.  It  is  eertais  ihit 
the  trachytes  which  form  the  principal  portions  of  the  rocks  including  gold,  are  aov 
almost  universally  resrarded  as  of  igneous  or  volcanic  origin. 

It  would  seem,  however,  that  the  primary  source  of  the  gold  is  not  in  these  rodts  ^ 
rather  in  the  sienites  and  greenstone  porphyries  below  them,  which  in  Huaeary  ud 
Transylvania  are  rich  in  great  auriferous  deposites;  for  gold  has  never  beea  fonsd  it 
tbe  trachyte  of  the  Eu^anean  mountains,  of  the  mountains  of  the  Vicentin,  of  tkst 
of  Auverene;  all  of  which  are  superposed  upon  granite  rocks,  barren  in  meUl. 

Finally,  if  it  be  true  that  the  ancients  worked  mines  of  gold  in  the  island  of  Isehia,il 
would  be  another  example,  and  a  very  remarkable  one,  of  the  presence  of  tiiis  mdalis 
trachytes  of  an  origin  evidently  volcanic 

Gold  is,  however,  much  more  common  in  the  alluvial  gnmads  than  among  the  priss- 
live  and  pyro?enous  rocks  just  described.  It  is  found  disseminated  under  the  fona  of 
spangles,  in  the  silicious,  argillaceous,  and  ferruginous  sands  of  certain  plains  aad  rivefi, 
especially  in  their  reentering  angles,  at  the  season  of  low  water,  and  after  stones  asd 
temporary  floods. 

It  has  been  supposed  that  th«  gold  found  in  the  beds  of  rivers  bad  been  torn  osi 
by  the  waters  from  the  veins  and  primitive  rocks,  which  they  traverse.  Some  have 
even  searched,  but  in  vain,  at  the  source  of  auriferous  streams,  for  the  native  bed  of  this 
precious  metal.  The  ?old  in  them  belones,  however,  to  the  grounds  washed  by  the  wateq 
as  they  glide  along,  This  opinion,  suggested  at  first  by  Delius,  and  supported  bf  Dehorn, 
GuetUrd,  RobiUnt,  Balbo,  &c.,  is  founded  upon  just  observations.  1.  The  soiFof  thess 
plains  contains,  frequently,  at  a  certain  depth  and  in  several  spots,  spangles  of  gold, 
separable  bv  washing.  2.  The  beds  of  the  auriferous  rivers  and  streamlets  oootsis 
more  gold  aAer  storms  of  rain  upon  the  plains  than  in  any  other  circumstances.  3.  II 
happens  almost  always  that  gold  is  found  among  the  sands  of  rivers  only  in  a  very  cir- 
cumscribed space;  on  ascending  these  rivers  their  sands  cease  to  afibid  gold;  though 
did  this  metal  come  from  the  rocks  above,  it  should  be  found  more  abandant^  near  lbs 
source  of  the  rivers.  Thus  it  is  known  that  the  Oroo  contains  no  gohi  except  frosi 
Pont  to  its  junction  with  the  Po.  The  Ticino  alibrds  gold  only  below  the  Lago  Msg- 
giore,  and  consequently  far  from  the  primitive  mountains,  after  traversiag  a  lake,  whcrs 
its  course  is  slackened,  aad  into  which  whatsoever  it  carried  dowa  from  these  moaataiss 
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must  have  been  deposited.  The  Rhine  gives  more  f^ld  near  Strasbnrg  than  near  Baale, 
though  the  latter  much  closer  to  the  mountains.  The  sands  of  the  Danube  do  not  con- 
tain a  grain  of  gold,  while  this  river  runs  in  a  mountainous  region ;  that  is,  from  the 
fh>ntiers  of  the  bishopric  ot  Passau  to  Efferding ;  but  its  sands  become  auriferous  in  the 
plains  below.  The  same  thing  is  true  of  the  Ems ;  the  sands  of  the  upper  portion  of  thii 
river,  as  it  flows  among  the  mountains  of  Styria,  include  no  gold ;  but  from  its  entrasee 
into  the  plain  at  Steyer,  till  its  embouchure  in  the  Danube,  its  sands  become  auriferonsy 
and  are  even  rich  enough  to  be  washed  with  profit. 

The  greater  part  of  the  auriferous  sands  in  Europe,  Asia,  Africa,  and  America, 
are  black  or  red,  and  consequently  ferruginous;  a  remarkable  circumstance  in  the 
geological  position  of  alluvial  gold.  M.  Napione  supposes  that  the  gold  of  these  ferru- 
ginous grounds  is  due  to  the  decomposition  of  auriferous  pyrites.  The  aurifennit 
•and  occurring  in  Hungary  almost  always  in  the  neighborhood  of  the  beds  of  /igni/ct, 
and  the  petrified  woo<l  covered  with  gold  grains,  found  buried  at  a  depth  of  55  yards  in 
day,  in  the  mine  of  Vorospatak  near  Abrabanya  in  Transylvania,  might  lead  us  to  pre- 
sume  that  the  epoch  of  the  formation  of  the  auriferous  alluvia  is  not  remote  from  that 
of  the  lignites.  The  same  association  of  jipld  ore  and  fossil  wood  occurs  in  Sooth 
America,  at  Moco.  Near  the  villase  of  Cloro,  have  been  discovered  at  a  depth  of  20 
feet,  large  trunks  of  petrified  trees,  surrounded  with  fragments  of  trap  rocks  interspersed 
with  spangles  of  gold  and  platinum.  But  the  alluvial  soil  affords  likewise  all  the  cha- 
racters of  the  basaltic  rocks ;  thus  in  France,  the  Cdze  and  the  Gardon,  auriferous 
rivers,  where  they  afford  most  gold,  flow  over  ground  apparently  derived  from  the 
deatmction  of  the  trap  rocks,  which  occur  in  situ  higher  up  the  country.  This  fact  had 
•truck  Reaumur,  and  this  celebrated  observer  had  remarked  that  the  sand  which  more 
immediately  accompanies  the  gold  spangles  in  most  rivers,  and  particularly  in  the  Rhone 
and  the  Rhine,  is  composed,  like  that  of  Ceylon  and  Expailly,  of  black  protoxyde  of  iron 
and  small  grains  of  rubies,  corindon,  hyacinth,  &c.  Titanium  has  been  observed  more 
recently.  It  has,  lastly,  been  remarked  that  the  gold  of  alluvial  formations  is  purer  than 
that  extracted  from  rocks. 

Principal  Gold  Mines. 

Spain  anciently  possessed  mines  of  gold  in  regular  veins,  especially  in  the  province  of 
Astnrias ;  but  the  richness  of  the  American  mines  has  made  them  to  be  neglected. 
The  Tagus,  and  some  other  streams  of  that  country,  were  said  to  roll  over  golden  sands. 
France  contains  no  workable  gold  mines ;  but  it  presents  in  several  of  its  rivers  auri- 
l^roQS  sands.  There  are  some  gold  mines  in  Piedmont ;  particularly  the  veins  of  aurife- 
rous pyrites  of  Macngnagna,  at  the  foot  of  Monte  Rosa,  lying  in  a  mountain  of  gneiss; 
and  although  they  do  not  contain  10  or  11  grains  of  gold  in  a  hundred  weight,  they  have 
long  defrayed  the  expense  of  working  them.  On  the  southern  slope  of  the  Pennine  Alps, 
from  the  Simplon  and  Monte  Rosa  to  the  valley  of  Aoste,  several  auriferous  districts  and 
rivers  occur.  Such  are  the  torrent  Evenson,  which  has  afforded  much  gold  by  washing ; 
the  Oreo,  in  its  passage  from  ihe  Pont  to  the  Po;  the  reddish  grounds  over  which  this 
little  river  runs  for  several  miles,  and  the  hills  in  the  neighborhood  of  Chivasso,  contain 
fidd  spangles  'n  considerable  quantity. 

In  the  county  of  Wicklow,  in  Ireland,  a  qnarizose  and  ferruginous  sand  was  discovered 
not  long  ai^o,  containing  many  particles  of  gold,  with  pepitas  or  solid  pieces,  one  of  which 
weighed  22  ounces.   No  less  than  1000  ounces  of  gold  were  collected. 

There  are  auriferous  sands  in  some  rivers  of  Switzerland,  as  the  Reuss  and  the  Aar. 
In  Grennany  no  mine  of  gold  is  worked,  except  in  the  territory  of  Salzburg,  amid  the 
chaia  of  mountains  which  separates  the  Tyrol  and  Carinthia. 

The  mines  of  Hungary  and  Transylvania  are  the  only  gold  mines  of  any  importance  in 
Europe ;  they  are  remarkable  for  their  position,  the  peculiar  metals  that  accompany  them, 
•ad  their  product,  estimated  at  about  1430  pounds  avoird.  annually.  The  principal  ones 
are  in  Hungary.  1.  Those  of  Konigsberg.  The  native  gold  is  disseminated  in  ores  of 
•nlphnret  of  silver,  which  occur  in  small  masses  and  in  veins  in  a  decomposing  feldspar 
rock,  amid  a  conglomerate  of  pumice,  constituting  a  portion  of  the  trachytic  formation. 
2.  Those  of  Borson,  Schemnilz.  And,  3.  of  Fclsobanya ;  ores  also  of  auriferous  sulphn- 
rct  of  stiver,  occur  in  veins  of  sienite  and  greenstone  porphyry.  4.  Those  of  Telke» 
banya,  to  the  south  of  Knschau,  are  in  a  deposile  of  auriferous  pyrites  amid  trap  rocks 
of  the  most  recent  formation. 

In  Transylvania  the  gold  mines  occnr  in  veins  often  of  great  magnitude,  6,  8,  and  some- 
times 40  yards  thick.  These  veins  have  no  side  plates  or  wall  stones,  but  abut  without 
intermediate  gani^ues  at  the  primitive  rock.  They  consist  of  carious  quartz,  ferriferous 
limestone,  heavy  spar,  fluor  spar,  and  sulphuret  of  silver.  The  mine  of  Knpnik  deserves 
■otice,  where  the  gold  is  associated  with  orpiment,  and  that  of  Vorospatak  in  granite 
loeks;  those  of  Offcnbanya,  Zaiatna,  and  Nasry-A?,  where  it  is  associated  with  tello* 
nam.   The  last  is  in  a  sienitic  rock  on  the  limiu  of  the  trachyte. 
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In  Sweden,  the  mine  of  Edelfors  in  Smoland  may  be  mentioned,  where  the  gold  occm 
native  and  in  auriferoas  pyrites ;  the  veins  are  a  brown  qaartz,  in  a  moantain  of  foliated 
homstone. 

In  Siberia,  native  gold  occurs  in  a  homstone  at  Schlangenberg  or  Zmeof,  and  U 
Zmeino-garsk  in  the  ^tai  mountains,  accompanied  with  many  other  ores. 

The  gold  mine  of  Berezof  in  the  Oural  mountains  has  been  long  known,  consistinf  of 
partially  decomposed  auriferous  pyrites^  disseminated  in  a  vein  of  greasy  quartz.  Aboat 
1820,  a  very  rich  dei>osite  of  native  gold  was  discovered  upon  the  eastern  side  of  the  Oval 
mountains,  disseminated  at  some  yards  depth,  in  an  argillaceous  loam,  and  accompanied 
with  the  detris  of  rocks  which  usually  compose  the  auriferous  alluvial  soils,  as  gren- 
stone,  serpentine,  protoxyde  of  iron,  corundum,  &c.  The  rivers  of  this  district  poescn 
auriferous  sands.  The  annual  product  of  the  gold  mines  of  Siberia  is  3740  ponidi 
avoirdupois. 

In  Asia,  and  especially  in  its  southern  districts,  there  are  many  mines,  streams,  rivoi^ 
and  wastes,  which  contain  this  metal.  The  Pactolus,  a  small  river  of  Lydia,  ndled  ora 
such  golden  sands,  that  it  was  supposed  to  constitute  the  origin  of  the  wealth  of  CrGnos. 
But  these  deposites  are  now  poor  and  forgo^n.  Japan,  Formosa,  Ceylon,  Java,  Snmttfi, 
Borneo,  the  Philippines,  and  some  other  isllnds  of  the  Indian  Archipelago,  are  suppoied 
to  be  very  rich  in  gold  mines.  Those  of  Borneo  are  worked  by  the  Chinese  in  an  aUiifiil 
soil  on  the  western  coast,  at  the  foot  of  a  chain  of  volcanic  mountains. 

Little  or  no  gold  comes  into  Europe  from  Asia,  because  its  servile  inhabitants  plaee 
their  fortune  in  treasure,  and  love  to  hoard  up  that  precious  metal. 

Numerous  gold  mines  occur  on  the  two  slopes  of  the  chain  of  the  Cailas  movatain  is 
the  Oundds,  a  province  of  Little  Thibet.  The  gold  lies  in  quartz  veins  which  travenes 
very  crumbling  reddish  granite. 

Africa  was,  with  Spain,  the  source  of  the  greater  portion  of  the  gold  possessed  bjr  tk 
ancients.  The  gold  which  Africa  still  brings  into  the  market  in  abundance  is  always  is 
dust,  showing  that  the  metal  is  obtained  by  washing  the  alluvial  soils.  None  of  it  is 
collected  in  the  north  of  that  continent ;  three  or  four  districts  only  are  remarkable  foi 
the  quantity  of  gold  they  produce. 

The  first  mines  are  those  of  Kordofan,  between  Darfour  and  Abyssinia.  The  aecitxs 
transport  the  gold  in  quills  of  the  ostrich  or  vulture.  These  mines  seem  to  have  ben 
known  to  the  ancients,  who  considered  Ethiopia  to  abound  in  gold.  Herodotus  rehtes 
that  the  king  of  that  country  exhibited  to  the  ambassadors  of  Cambyses,  all  their  prisoB- 
ers  bound  with  golden  chains. 

The  second  and  chief  exploitation  of  gold  dust  is  to  the  south  of  the  great  desert  of 
Zaara,  in  the  western  part  of  Africa,  from  the  mouth  of  the  Senegal  to  the  Cape  uf 
Palms.  The  gold  occurs  in  spangles,  chiefly  near  the  surface  of  the  earth,  in  the  bed  of 
rivulets,  and  always  in  a  ferruginous  earth.  In  some  places  the  negroes  dig  wells  in  tbe 
soil  to  a  depth  of  about  40  feet,  unsupported  by  any  props.  They  do  not  follow  any  frin; 
nor  do  they  construct  a  gallery.  By  repeated  washings  they  separate  the  gold  from  tbe 
earthy  matters. 

The  same  district  furnishes  also  the  greater  part  of  what  is  carried  to  Morocco,  Teij 
and  Algiers,  by  the  caravans  which  go  from  Timbuctoo  on  the  Niger,  across  the  great 
desert  of  Zaara.  The  gold  which  arrives  by  Senna  at  Cairo  and  Alexandria,  comes  fr«n 
the  same  quarter.  From  Munso  Park's  description,  it  appears  that  the  gold  spangles  are 
found  usually  in  a  ferruginous  small  gravel,  buried  under  rolled  pebbles. 

The  third  spot  in  Africa  where  gold  is  collected,  is  on  the  south-east  coast,  between  the 
twenty-fifth  and  the  twenty-second  degree  of  south  latitude,  opposite  to  Madasasear,  in 
the  country  of  Sofala.  Some  persons  think  that  this  was  the  kingdom  of  Ophir,  whence 
Solomon  obtained  his  sold. 

In  modern  times,  the  richest  eold  mines  are  found  in  America,  from  which  there  is 
exported  annually,  3700  or  4000  pounds  avoirdupois  of  this  metal.  It  occurs  there 
principally  in  spangles  among  the  alluvial  earths,  and  in  the  beds  of  rivers ;  more  rarelj 
in  veins. 

There  is  little  gold  in  the  northern  part  of  America.  The  United  States  have  hitherto 
produced  but  a  slight  quantity  of  alluvial  gold,  collected  in  the  gravel  pits  of  the  creeks 
of  Rockhole,  district  of  Lebanon,  in  North  Carolina.  In  1810,  a  mass  was  found  there, 
weighing  28  pounds.  This  district  has  furnished  the  mint  of  the  United  States  with  abont 
100  lbs.  avoirdupois  of  gold. 

South  America,  especially  Brazil,  Choco,  and  Chili,  are  the  regions  which  funish 
most  gold. 

The  gold  of  Mexico  is  in  a  great  measure  contained  in  the  argentiferous  veins,  •> 
numerous  in  that  country,  whose  principal  localities  are  mentioned  under  tbe  article 
Silver.  The  silver  of  the  argentiferous  ores  of  Guanaxato,  contains  one  360th  of  its 
weight  of  gold ;  the  annual  product  of  the  mines  being  valued  at  from  2640  to  33(N^ 
potinds  avoirdupois. 
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Oaxaco  contaias  the  only  aariferons  veins  exploited  as  goldmines  in  Mexico;  they 
traTerse  rocks  of  frneiss  and  mica  slate. 

All  the  rivers  of  the  province  of  Caraccas,  to  ten  degrees  north  of  the  line,  flow  over 
golden  sands. 

Peru  is  not  rich  in  gold  ores.  In  the  provinces  of  Haailas  and  Pataz,  this  metal  is 
mined  in  veins  of  greasy  quartz,  variegated  with  red  ferruginous  spots,  which  traverse 
primitive  rocks.  The  mines  called  paco$  <U  oro,  consist  of  ores  of  iron  and  copper  oxydes, 
eontaining  a  great  quantity  of  gold. 

All  the  gold  furnished  by  New  Grenada  (New  Colombia)  is  the  product  of  washings, 
established  in  alluvial  grounds.  The  gold  exists  in  spangles  and  in  grains,  disseminated 
mmong  fragments  of  greenstone  and  porphyry.  At  Choco,  along  with  the  gold  and  plati- 
num, hyacinths,  zircons,  and  titanium  occur.  There  have  been  found,  as  already  stated, 
in  the  auriferous  localities,  large  trunks  of  petrified  trees.  The  gold  of  Antioquia  is  20 
carats  fine,  that  of  Choco  21,  and  the  largest  lump  or  pepita  of  gold  weighed  about  27| 
pounds  avoirdupois.   The  gold  of  Chili  also  occurs  in  alluvial  formations. 

Braxil  furnishes  the  greatest  part  of  the  gold  now  brought  into  the  market.  Tet  there 
is  not  in  this  country  any  gold  mine  properly  9b  called ;  for  the  veins  containing  the  metal 
nre  Mldom  worked. 

It  is  in  the  sands  of  the  Mandi,  a  branch  of  the  Rio-Dolce,  at  Catapreta,  that  the  auri- 
ferous ferruginous  sands  were  first  discovered  in  1682.  Since  then,  they  have  been 
found  almost  everywhere  at  the  foot  of  the  immense  chain  of  mountains,  which  runs 
nearly  parallel  with  the  coast,  from  the  5th  degree  south  to  the  30th.  It  is  particularly 
near  Villa  Rica,  in  the  environs  of  the  vilUge  Cocaes,  that  the  numerous  washings  for 
fold  are  established.  The  pepitas  occur  in  different  forms,  often  adhering  to  micaceous 
specular  iron.  But  in  the  province  of  Minas  Geraes,  the  gold  occurs  also  in  veins,  in 
beds,  and  in  grains,  disseminated  among  the  alluvial  loams.  It  has  been  estimated  in 
annual  product,  by  several  authors,  at  afaK»ut2800  pounds  avoirdupois  of  fine  metal;  worth 
nearly  a  million  sterling. 

We  thus  see  that  almost  all  the  gold  brought  into  the  market,  comes  from  alluvial 
lands,  and  is  extracted  by  washing. 

The  gold  coin  of  the  ancients  was  made  chiefly  out  of  alluvial  gold,  for  in  these  early 
times  the  metallurgic  arts  were  not  sufliciently  advanced  to  enable  them  to  purify  it.  The 
gold  dust  from  Bambouk  in  Africa,  is  of  22}  carats  fine,  and  some  from  Morocco  is  even 
23. 

The  gold  of  Giron,  in  New  Grenada,  is  of  23f  carats ;  being  the  purest  from  America. 
**  For  those  who  traffic  in  gold,"  says  Humboldt,  "  it  is  sufficient  to  learu  the  place  where 
the  metal  has  been  collected,  to  know  its  title." 

MttaUurgic  treatment  of  gold. — ^The  gold  found  in  the  sands  of  rivers,  or  in  auriferous 
coils,  needs  not  be  subjected  to  any  metallurgic  process,  properly  speaking.  The 
OrpaiUers  separate  it  from  the  sands,  by  washing  them  first  upon  inclined  tables, 
sometimes  covered  with  a  cloth,  and  then  by  hand  in  wooden  bowls  of  a  particular  form. 
Amalgamation  is  employed  to  carry  ofi*  from  the  sand  the  minuter  particles  of  gold  they 
may  contain.  The  pefjple  called  Bohemians,  Cigans,  or  Tehinganes,  who  wash  the 
noriferons  sands  in  Hungary,  employ  a  plank  with  24  transverse  grooves  cut  in  its 
cnrfaee.  They  hold  this  plank  in  an  inclined  position,  and  put  the  sand  to  be  washed 
in  the  first  groove ;  they  then  throw  water  on  it,  when  the  gold  mixed  with  a  little  sand 
collects  usually  towards  the  lowest  furrow.  They  remove  this  mixture  into  a  flat  wooden 
basia,  and  by  a  peculiar  sleight  of  hand,  separate  the  gold  entirely  from  the  sand.  The 
richcft  of  the  auriferous  ores  consist  of  the  native  gold  quite  visible,  disseminated  in  a 
gangne,  but  the  veins  are  seldom  continuous  for  any  length.  The  other  ores  are  auri- 
feroas  metallic  sulphurets,  such  as  sulphurets  of  copper,  silver,  arsenic,  &c.,  and  particu- 
larly iron. 

The  stony  ores  are  first  ground  in  the  stamping  mill,  and  then  washed  in  hand-basins, 
•r  on  wooden  tables. 

The  auriferous  sulphurets  are  much  more  common,  but  much  poorer  than  the  former 
4»re8 ;  some  contain  only  one  200,000th  part  of  gold,  and  yet  they  may  be  worked  with 
advantage,  when  treated  with  skill  and  economy. 

The  gold  of  these  ores  is  separated  by  two  difi*erent  processes ;  namely,  by  fusion  and 
amalgamation. 

The  auriferous  metallic  sulphurets  are  first  roasted;  then  melted  into  mattes,  which 
are  roasted  anew ;  next  fused  with  lead,  whence  an  auriferous  lead  is  obtained,  which 
Btfiy  be  refined  by  the  process  of  cupellation. 

When  the  gold  ores  are  very  rich,  they  are  melted  directly  with  lead,  without  pre- 
Kfflinary  calcination  or  fusion.  These  processes  are,  however,  little  practised,  because 
they  are  less  economical  and  certain  than  amalgamation,  especially  when  the  gold  ores 
are  very  poor. 

If  these  ores  consist  of  copper  pyrites,  and  if  their  treatment  has  been  pushed  to  the  point 
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«r  oteiiitg  nriArow  me  eopfer*  or  tves  Utck  copper  iMliAir  foM.  iBe  pmini 
metal  ceoDot  be  oeperated  bf  tbe  proeeei  of  IkiMMMybeconoe  tke  gaUyteTng  moic  eSi- 
itf  for  copper  Uwb  for  leod,  ctn  be  bat  portiellf  nu  off  bj  the  kttar  MlaL  For  tboe 
mooos  tbe  proceoi  of  oBelgonotkNi  ii  for  prdenble. 

Tbii  proceoi  beiog  tbe  tome  Ar  lilTert  I  oboU  icoerTe  Ho  dforriptSnB  Ar  tbk  mO/L 
The  ridi  ores  w  whieb  tbe  ootiTO  goU  io  oppareBt,  wad  mndf  daoocflUMaed  in  o  mmg 
gaigne^  ore  directlf  tritaroted  whb  qmdmlTer»  witbovt  oay  prepmlory  opcfatioA.  it 
10  tbe  poor  oreo,  in  wbich  tbe  gold  teemt  lost  onid  o  jprcot  totm  of  inm,  ealpborctaf 
copper,  4e^  tbey  ore  nlqeeted  to  o  rooitiog  before  betag  OBolgaMtri.  Tbit  ptocoi 
ieem  reqoigite  to  ky  bcre  tbe  goU  eoveloped  m  tbe  ool^wcCo.  The  qinielttflver  wilb 
wbieb  tbe  ore  ie  bow  growi^  oeiiee  the  whole  of  ito  goU,  k  boverer  imII  qnalilj  tUi 
MOtol  any  be  preoeBt. 

The  gold  procnred  by  the  ref  oiag  pntem  with  IcBd,  ii  free  ftooi  copper  nd  Itod,  W 
it  nay  contaio  Itob,  tia,  or  oalrer.  It  caaaoC  be  ae|«rated  fnaa  in»  and  tia  wiibort 
great  diffieolty  aad  eipeBae«  if  the  praportioB  of  goU  be  too  flBoD  'to  adadt  of  the  caiplsf- 
BCBt  oTaiariatic  add. 

By  copeUatkm  with  lead,  gold  may  be  dgprircd  of  aaj  aatimoay  malted  with  it 

Tin  gires  gold  a  rrmarbablc  bardaeoo  aad  hrittlcacm;  a  piece  of  gold,  apooriftr 
oooBO  time  over  a  batb  of  red  hot  tie,  becomeo  brittle.  Tbe  oame  thiBg  happeat  men 
readily  orer  oatiaionyy  ftom  tbe  v<riatiUty  of  Ibit  metaL  A  two  thoooaadth  part  of  ttti- 
mooy,  biimath.  or  lead,  deotroya  the  dacUUty  of  gold.  The  lia  may  be  got  ral  ly 
tbroiriBg  oome  corrooife  tablimate  or  Bitra  iato  a  eradUe^  cnataiaiag  the  aadtcd  aDoy. 
By  the  drat  ageat»  perchloride  of  tm  ii  ^olatfliaed)  by  the  aocoad,  «l«Mwit  of  poiiA 
IbnniL  wbieb  ie  eaniisd  off  ia  the  icoaltiog  alkallBe  ecorim. 

Gold  treated  by  the  procem  of  amalgamatioa.  coataias  coamoaly  adhiBg  bat  a  Midt 
rilrer.  Tbe  tilrer  ie  dboolved  oat  by  aitrie  aeld^  which  leaves  the  gold  OBtoacbed;  bsl 
to  make  this  parHmg  with  saccess  aad  ecoaomy  oa  the  glreat  scale,  acveral  preisnii 
most  be  obsci  ted. 

If  the  gold  do  aot  coataia  fol^  two  thirds  of  its  weight  of  siher,  thk  BMtal,  brag 
thorongbly  eaveloped  by  the  gold,  is  partially  sereeaed  from  tbe  aetaoa  of  the  acid.  Wbci- 
erer,  therefore,  it  is  known  hf  a  trial  oa  a  small  scale,  that  the  sflvor  is  mach  bdow  Ua 
proporUon,  we  mast  bring  the  alloy  of  gold  and  silrer  to  that  staadaid  by  addiag  tbe  le- 
qaisite  qoanlity  of  the  latter  metal.  This  proeen  is  cal^d  qaartatkm. 

Thb  alloy  is  tbea  granalated  or  laminated ;  and  ftom  twice  to  thriee  its  weight  of  nl- 
phorie  or  nitrie  acid  is  to  be  boiled  upon  it;  and  when  it  is  judged  that  tbe  aohitioB  kis 
been  pushed  as  far  as  possible  by  this  first  acid,  it  is  decaated,  and  new  acid  is  poared  oa. 
Lastly,  afler  having  washed  the  gold,  some  sulphuric  acid  is  to  be  boiled  oTer  it,  which 
carries  off  a  two  or  three  thousandth  part  of  silver,  which  nitric  acid  alone  could  not  dis- 
solve.  Thus  perfectly  pure  gold  is  obtained. 

The  silver  held  in  solution  by  the  sulphuric  or  nitric  acid  is  precipitated  in  tbe  ssetaDie 
state  by  copper,  or  in  tbe  state  of  chloride  by  sea-salt.   See  Parting. 

Not  only  has  the  ratio  between  the  value  of  gold  and  silver  varied  ranch  in  didereni 
ages  of  the  world ;  but  the  ratio  between  these  metals  and  the  commodities  tbej  repre- 
sent has  undergone  variations,  owing  to  the  circumstances  in  which  their  mines  bare 
been  successively  placed ;  since  they  have  always  poured  a  greater  qnantity  of  the  metals 
into  the  market  than  has  been  absorbed  by  use.  This  quantity  has  greatly  increased 
since  the  discovery  of  America,  a  period  of  little  more  than  300  years.  Tbe  mines  of 
that  continent,  rich,  numerous,  and  easily  worked,  by  augmenting  the  mass  of  gold  and 
silver,  necessarily  lessened  the  value  of  these  metals  compared  with  that  of  the  objedt 
of  commerce  represented  by  them,  so  that  everything  else  being  equaJ,  there  is  aov 
required  for  purchasing  the  same  quantity  of  commodities,  much  more  gold  or  silver 
than  was  necessary  in  the  reign  of  Henry  YIT.,  before  the  discovery  of  America.  This 
productiveness  of  the  American  mines  has  had  an  influence  on  those  of  the  aneient  con- 
tinent ;  many  of  whose  silver  and  gold  mines  have  been  abandoned,  not  because  the 
Tcins  or  auriferous  sands  are  less  rich  than  they  were,  but  because  their  product  no 
longer  represents  the  value  of  human  labor,  and  of  tbe  goods  to  be  furnished  ia  return 
for  their  exploitation. 

In  the  3d  vol.  of  the  Mining  Journal,  p.  331,  we  have  the  following  statement  as  to 
the  produce  of  the  precious  metals.—"  In  40  years,  from  1790  to  1830,  Mexico  prodoeed 
6,436,453/.  worth  of  gold,  and  139,818,032/.  of  silver.  Chili,  2,768,488/.  of  gold,  and 
1,822,924/.  of  silver.  Buenos  Ayres,  4,024,895/.  of  goM,  and  27,182,673/.  of  silver. 
Russia,  3,708,743/.  of  gold,  and  1,502,981/.  of  sUver.  Total,  1880  millions  sterling,  or 
47  millions  per  annum. 

The  following  table  shows  what  proportion  tbe  product  of  the  mines  of  Aoieriea  bean 
to  that  of  the  mines  of  the  ancient  cootinent. 
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Tofrle  of  the  Quantiiies  of  Gold  which  tnay  be  cotuidend  as  having  been  hnmghi  Hi^ 
the  European  Markety  every  Year  on  an  jiveragey  from  1790  to  1802. 


CoatuMnU. 

OoU. 

Ancient  Continent. 

Ibt.  Avoir. 

3740 
3300 

Hunf^ry    ...            &  . 
Hftitz  And  HessM       .      •      .  . 

1430 
165 

165 

ToUl  of  the  Ancient  Continent 

8800 

New  Continent. 
Spanish  dominions  - 

2860 

22,000 
15,400 

Total  of  the  New  Continent  ... 

40^260 

The  mines  of  America  have  sent  into  Europe  three  and  a  half  times  more  gold,  and 
twelve  times  more  silver,  than  those  of  the  ancient  continent.  The  total  quantity  of 
sflver  was  to  that  of  gold  in  the  ratio  of  55  to  1 ;  a  very  different  ratio  from  that  which 
holds  really  in  the  value  of  these  two  metals,  which  is  in  Europe  as  1  to  15.  This 
differeiMe  depends  upon  several  causes,  which  cannot  be  investigated  here  at  length ; 
Irat  it  may  be  slated  that  gold,  by  its  rarity  and  priee,  being  much  less  employed  in  the 
«rts  than  silver,  the  demand  for  it  is  also  much  less;  and  this  cause  is  sufficient  to 
lower  its  price  much  beneath  what  it  would  have  been,  if  it  had  followed  the  ratio  of  its 
qoantiiy  compared  to  that  of  silver.  Thus  also  bismuth,  tin,  &.C.,  though  much  rarer 
Chan  silver,  are,  nevertheless,  veiy  inferior  in  price  to  it.  Before  the  dii^overy  of 
America,  the  value  of  gold  was  not  so  distant  from  that  of  silver,  because  since  that  era 
silver  has  been  distributed  in  Europe  in  a  far  greater  proportion  than  sold.  In  Asia 
the  proportion  is  now  actually  only  1  to  11  or  12;  the  product  of  the  gold  mines  in  that 
qwier,  being  not  so  much  below  that  of  the  silver  mines  as  in  the  rest  of  the 
wld. 

The  total  annual  production  of  Gold  at  present  hat  been  estimated  as  follows. 
From  the  ancient  Spanish  colonies  of  America  -  10,400  kilogrammat 

Brazil   600 

Europe  and  Asiatic  Russia  6,200 

The  Indian  Archipelago  4,700 

Africa   14,000? 


35,900-36  tons  nearly 
withovt  taVing  into  account  the  quantity  of  gold  now  extracted  from  silver. 

Gold  has  less  affinity  for  oxygen  than  any  other  metal.  When  alone,  it  cannot  be 
oiydiced  by  any  decree  of  heat  with  contact  of  air,  although  in  combination  with  other 
oixydised  bodies,  it  may  pass  into  the  state  of  an  oxyde,  and  be  even  vitrified.  The  pur- 
ple smoke  into  which  f^old  leaf  is  converted  by  an  electric  dircharce  is  not  an  oxyde, 
for  it  is  equolly  formed  when  the  discharge  is  made  through  it  m  hydroffen  gas.  Tbeie 
are  two  oxydes  of  gold ;  the  first  or  protoxyde  is  a  green  powder,  which  may  be  ob- 
tained by  pouring,  in  the  cold,  a  solntion  of  potash  into  a  solution  of  the  metalUe 
cUoride.    It  is  not  durable,  but  sooa  changes  in  the  mensUMLUox  veAd  mtioi^ 
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and  peroxyde.   Its  oonstitnenta  are  96- 13  metal,  and  3*87  oxygen.   Tlie  peroxyde  if  bol 

prepared  by  addinir  mai^nesia  to  a  solation  of  the  metallic  chloride;  washing  the  precipi- 
tate with  water  till  this  no  longer  takes  a  yellow  tint  from  muriatic  acid ;  then  digotiag 
strong  nitric  acid  upon  the  resuluum,  which  removes  the  magnesia,  and  leares  the  per- 
oxyde in  the  form  of  a  black  or  dark  brown  powder,  which  seems  to  partake  more  of  the 
properties  of  a  metallic  acid  than  a  base.  It  contains  10-77  per  cenu  of  oxygen.  For 
the  curious  combination  of  gold  and  tin,  called  the  Purple  Precifitatx  of  Cassiui,  tee 
this  article,  and  Pignents  Vitrifiable. 

Gold  6ea/ing.~This  is  the  art  of  reducing  gold  to  extremely  thin  leases,  by  bcati^ 
with  a  hammer.  The  processes  employed  fur  this  purpose  may  be  applied  to  other 
metals,  as  silver,  platinum,  and  copper.  Under  tin,  zinc,  &c.,  we  shall  mention  mck 
modifications  of  the  processes  as  these  metals  require  to  reduce  them  to  thin  leaves.  Tke 
Romans  used  to  gild  the  ceilings  and  wfdb  of  their  apartments ;  and  Pltoy  tells  os,  tkil 
from  an  ounce  of  gold  forming  a  plate  of  4  fingers  square,  about  600  leaves  of  the  nae 
area  were  hammered.  At  the  present  day,  a  piece  of  gold  is  extended  so  as  to  cofcr  s 
space  651,590  times  greater  than  its  primary  surface  when  cast. 

The  gold  employed  in  this  art  ought  to  be  of  the  finest  standard.  AUoy  hardens  goU, 
and  renders  it  less  malleable ;  so  that  the  fraudulent  tradesman  who  should  attempt  to  de- 
base the  gold,  would  expose  himself  to  much  greater  loss  in  the  operations,  tkan  he  eoiU 
derive  of  profit  from  the  alloy. 

Four  principal  operations  constitute  the  art  of  gold  beating.  I.  The  casting  of  the 
gold  ingots.   2.  The  hammering.   3.  The  lamination ;  and  4,  the  beating. 

1.  The  gold  is  melted  in  a  crucible  along  with  a  little  borax.  Whea  it  has  heeone 
liquid  enough,  it  is  poured  out  into  the  ingot-moulds  previously  heated,  and  greased  on 
the  inside.  The  ingot  is  taken  out  and  annealed  in  hot  ashes,  which  both  soften  it  and 
free  it  from  grease.  The  moulds  are  made  of  cast  iron,  with  a  somewhat  concave  ii- 
ternal  surface,  to  compensate  for  the  greater  contraction  of  the  centra]  parta  of  the  metil 
in  cooling  than  the  edges.  The  ingots  weigh  about  2  ounces  each,  and  are  {  of  an  isch 
broad. 

2.  The  forging. — When  the  ingot  is  cold,  the  French  gold-beaters  bamaier  it  oat  on 
a  mass  of  steel  4  inches  long  and  3  broad.  The  hammer  for  this  purpose  is  called  the 
forging  hammer.  It  weighs  about  3  pounds,  with  a  head  at  one  end  and  a  wedge  at  the 
other,  the  head  presenting  a  square  face  of  1^  inches.  Its  handle  is  6  inches  long.  Tke 
workman  reduces  the  ingot  to  the  thickness  of  ^  of  an  inch  at  most;  and  during  this  op- 
eration he  anneals  it  whenever  its  substance  becomes  hard  and  apt  to  crack.  The  Esgliah 
gold-beaters  omit  this  process  of  hammering. 

3.  The  Ifimination. — The  rollers  employed  for  this  purpose  should  be  of  a  most  per- 
fectly cylindrical  figure,  a  polished  surface,  and  so  powerful  as  not  to  bend  or  yield  in  the 
operation.  The  ultimate  excellence  of  the  gold  leaf  depends  very  much  on  the  precisioo 
with  which  the  riband  is  extended  in  the  rolling  press.  The  laminating  machine  repre- 
sented under  the  article  Mint,  is  an  excellent  pattern  for  this  purpose.  The  gold-better 
desires  to  have  a  riband  of  such  thinness  that  a  square  inch  of  it  will  weigh  6|  grains. 
Frequent  annealings  are  requisite  during  the  lamination. 

4.  Beating, — The  riband  of  gold  being  thus  prepared  uniform,  the  gold-b«jater  cats  it 
with  shears  into  small  squares  of  an  inch  each,  having  previously  divided  it  with  com- 
passes, so  that  the  pieces  may  be  of  as  equal  weight  as  possible.  These  squares  arc  piled 
over  each  other  in  parcels  of  150,  with  a  piece  of  fine  calf-skin  vellum  interposed  between 
each,  and  about  20  extra  vellums  at  the  top  and  bottom.  These  vellum  leaves  are  about 
4  inches  square,  on  whose  centre  lie  the  gold  lamina:  of  an  inch  square.  This  packet  is 
kept  together  by  being  thrust  into  a  case  of  strong  parchment  open  at  the  ends,  so  as  to 
form  a  belt  or  band,  whose  open  sides  are  covered  in  by  a  second  case  drawn  over  tbe 
packet  at  right  angles  to  the  first.  Thus  the  packet  becomes,  sufficiently  compact  to 
bear  beating  with  a  hammer  of  15  or  16  pounds  weight,  having  a  circular  face  nearly  4 
inches  diameter,  and  somewhat  convex,  whereby  it  strikes  the  centre  of  the  packet  most 
forcibly,  and  thus  squeezes  out  the  plates  laterally. 

The  beating  is  performed  on  a  very  strong  bench  or  stool  framed  to  receive  a  heavy 
block  of  marble,  about  9  inches  square  on  the  surface,  enclosed  upon  every  side  by  wood- 
work, except  the  front  where  a  leather  apron  is  attached,  which  the  workman  lays  be- 
fore him  to  preserve  any  fragments  of  gold  that  may  fall  out  of  the  packet.  The  haouner 
is  short-handled,  and  is  managed  by  the  workman  with  one  hand  ;  who  strikes  fairly  on 
the  middle  of  the  packet,  frequently  turning  it  over  to  beat  both  sides  alike ;  a  feat  dex- 
terously done  in  the  interval  of  two  strokes,  so  as  not  to  lose  a  blow.  The  packet  is  oc- 
casionally bent  or  rolled  between  the  hands,  to  loosen  the  leaves  and  secare  the  ready 
extension  of  the  gold  ;  or  it  is  taken  to  pieces  to  examine  the  gold,  and  to  shift  the  cci> 
tral  leaves  to  the  outside,  and  vice  versa,  that  every  thing  may  be  equalized.  Wheaever 
the  gold  plates  have  extended,  under  this  treatment,  to  nearly  the  size  of  the  TelloD, 
they  are  removed  from  Ibe  packel^  and  eat  into  four  equal  squares  by  •  knife.  They 
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iced  to  nearly  tbe  same  size  as  at  first,  and  are  again  made  np  into  packets 
as  before,  with  this  difference,  that  skins  prepared  from  ox-gut  are  notw 
stween  each  gold  leaf  instead  of  vellum.  The  second  course  of  beating  is 
ith  a  smaller  hammer,  about  10  pounds  in  weight,  and  is  continued  till  the 
tended  to  the  size  of  the  skins.  During  this  period  the  packet  must  be  often 
ider  the  gold  as  loose  as  possible  between  the  membranes ;  otherwise  the 
.sily  chafed  and  broken.  They  are  once  more  spread  on  a  cushion,  and  sab- 
four  square  pieces  by  means  of  two  pieces  of  cane  cut  to  very  sharp  edges, 
vn  transversely  on  a  board.  This  rectangular  cross  being  applied  on  each 
tht  pressure,  divides  it  into  four  equal  portions.  These  are  next  made  up  into 
!t  of  convenient  thickness,  and  finally  hammered  out  to  the  area  of  fine  gold 
iverace  size  is  from  3  to  3|  inches  square.  The  leaves  will  now  have  ob- 
?a  192  times  greater  than  the  plates  before  the  hammering  begun.  As  these 
lly  an  inch  square,  and  75  of  them  weighed  an  ounce  (=i  6|  X  75  =  487|), 
f  the  finished  leaves  will  be  192  X  75  =  14,400  square  inches,  or  100  square 
ce  troy.  This  is  by  no  means  the  ultimate  degree  of  attenuation,  for  an 
e  hammered  so  as  to  cover  160  square  feet ;  bat  the  waste  incident  in  this 
e  number  of  broken  leaves,  and  the  increase  and  nicety  of  the  labor,  make 
-ofitable  refinement;  while  the  gilder  finds  such  thin  leaves  to  make  less 
satisfactory  work. 

ed  leaves  of  gold  are  put  up  in  small  books  made  of  single  leaves  of  soft 
d  over  with  red  chalk  to  prevent  adhesion  between  them.  Before  putting 
1  these  books,  however,  they  are  liAed  one  by  one  with  a  delicate  pair  of  pin- 
le  finishing  packet,  and  spread  out  on  a  leather  cushion  by  blowing  them  flat 
y  are  then  cat  to  one  size,  by  a  sharp-edge  square  moulding  of  cane,  glued 
rd.  When  this  square-framed  edge  is  pressed  upon  the  gold,  it  cuts  it  to  the 
ind  shape.  Each  book  commonly  contains  25  gold  leaves. 
V  describe  some  peculiarities  of  the  French  practice  of  gold  beating.  The 
ts  the  laminated  ribands  of  an  inch  broad  into  portions  an  inch  and  a  half 
I  ore  called  quartitrt.  He  takes  24  of  them,  which  he  places  exactly  ovto 
o  as  to  form  a  thickness  of  about  an  inch,  the  riband  being  ^  of  a  line,  or 
h  thick ;  and  he  beats  them  together  on  the  steel  slab  with  the  round  face 
he  hammer,  so  as  to  stretch  them  truly  out  into  the  square  form.  He  begins 
the  substance  towards  the  edges,  thereafter  advancing  towards  the  middle ; 
as  much  on  the  other  side,  and  finally  hammers  the  centre.  By  repeating 
beating  as  often  as  necessary,  he  reduces  at  once  all  the  quartier$  (squares) 
packet,  till  none  of  them  is  thicker  than  a  leaf  of  gray  paper,  and  of  the 
are  of  2  inches  each  side. 

quartiera  are  brought  to  this  state,  the  workman  takes  56  of  them,  which 
'  each  other,  and  with  which  he  forms  the  first  packet  {caucher)  in  the  man- 
lescribed  ;  only  two  leaves  of  vellum  are  interposed  between  each  gold  leaf, 
eaves  of  vellum  at  the  top  and  bottom  of  the  packet  are  called  emplure$, 
nches  square,  as  well  as  the  parchment  pieces. 

et  thus  prepared  forms  a  rectangular  parallelopiped ;  it  is  enclosed  in  two 
posed  each  of  several  leaves  of  parchment  applitd  to  each,  and  glued  at  the 
rming  a  bag  open  at  either  end. 

of  black  marble  is  a  foot  square  at  top,  and  18  inches  deep,  and  is  framed 
scribed.  The  hammer  used  for  beating  the  first  packet  is  called  the  flat, 
^ing  hammer ;  its  head  is  round,  about  5  inches  in  diameter,  and  very  slightly 
is  6  inches  high,  and  tapers  gradually  frqpi  its  head  to  the  other  extremity, 
(  it  the  form  of  a  hexagonal  truncated  pyramid.     It  weighs  14  or  15 

!h  gold-beaters  employ,  besides  this  haomier,  three  others  of  the  same  form ; 
The  commencing  hammer,  which  weighs  6  or  7  pounds,  has  a  head  4  inches 
and  is  more  convex  than  the  former.  2.  The  spreading  hammer  (marieau 
its  head  is  two  inches  diameter,  more  convex  than  the  last,  and  weighs  only 
s.  3.  The  finishing  hammer ;  it  weighs  12  or  13  pounds,  has  a  head  four 
ter,  and  is  the  most  convex  of  all. 

ig  processes  do  not  differ  essentially  from  the  English  described  above.  The 
)bed  over  with  fine  calcined  Paris  plaster,  with  a  hare's  foot.  The  skin  of 
ter  is  a  pellicle  separated  from  the  outer  surface  of  ox-gut ;  but  before 
'ed  for  this  purpose,  it  must  undergo  two  preparations.  1.  It  is  sweated,  in 
•1  any  grease  it  may  contain.  With  this  view,  each  piece  of  membrane  it 
sen  two  leaves  of  white  paper ;  several  of  these  pairs  are  piled  over  each 
ruck  strongly  with  a  hammer,  which  drives  the  grease  from  the  gut  into  the 

is  given  to  the  pieces  of  gut ;  that  is,  they  are  moistened  with  an  iBl\ttion 


«r  emBUMBy  B«tBfry  wad  other  wa  «mI  ■iifwlii  fayiiiuit^ia  to  fmw 
.tkem;  an  openticm  rapmled  sAflr  ibfy  bm  km  dried  fai  tkc  air.  Wtea  Ike  le«m«r 
ikiauedry,  t|ieym|WliAaprcM»udtieBuwi«Mdricr  After  the  piifk—n 
vcUiiB,  ajM  gut  fflcoBbmBe  bate  beeaa  good  deal  kHunerad,  tkcjrkMSM  mSi  Ar 
till  they  are  restored  to  |«oper  iexibility,  kj  kctag  plaeed  leaf  hy  InT  bdmcB  leM 
of  white  paper,  laoiaieDcd  tometiBcs  with  iriacgar^  at  olkcn  vilk  white  wiac  Tkcf  m 
left  ia  thii  predicameat  Air  3  or  4  hoan^  aadcr  eonpreHioa  of  a  plaak  loaded  with  vciite 
When  they  have  hnbibed  the  proper  hoaiidityy  they  are  pnt  beiweea  leavaa  of  paichMrt 
12  incbet  iqoare,  and  beat  in  thai  eilaataoa  for  a  whole  day*  They  are  Ikea  nM 
Ofer  with  fine  cakiaed  ftypram,  aa  the  YelloM  van  origiaal^.  The  gnt  ekia  k  api  H 
Mifract  damp  in  siaodiag ,  and  it  therelbre  dried  befine  heinff  aaed. 

The  average  tfakkaeH  of  eonuM  gold  leaf  is  ^^Aw  ^  ^ 

TIfuriqf  Gtfdiag^This  art  eoasists  ia  eoveriag  bodies  with  a  thte  eoat  of  grfli 
Whieh  may  be  doae  either  by  aieehaaieal  or  ehesical  Means.  The  mecbaBical  wods  k 
Ike  appUeatKMi  of  gold  leaf  or  gold  powder  to  wiens  saHaeea,  end  Ikcir  lutioB  by  i»- 
fioos  meaas.  Thus  gold  may  be  applied  to  wood,  plaster,  pasteboaid,  leather;  aad  H 
«Betals»  svcb  as  silver,  eopper,  iraa,  tin,  and  kienaei  so  that  gildnigy  gcaenlly  spcaU*^ 
ladndes  several  arts,  cmereitel  by  vety  diferent  classes  of  tiadewaea, 

J.  ihAanUMl  OiUiag.— 03  gOding  is  the  fint  method  aader  this  head,  aa  ei  is  fti 
tM  most  generally  nsed  in  the  opemtioa  of  this  mefhanical  ait.  Tka  Wlnwiag  pnaw 
bcea  moeh  extolled  at  Parik 

1.  A  coat  of  tniarairiSB  is  to  be  civeB  first  of  an,  aameiy»  a  eoat  of  wkita  lead  pak^ 
made  witb  drying  liaseed  oil,  coalanihig  very  little  oil  ef  tarpeatiae. 

2.  Calcined  eenrae  is  to  be  groond  very  well  with  aaboilcd  liaseed  oO,  ami  tempos! 
With  esMttce  of  terpentine,  ia  proportioa  as  it  is  laid  oa.  Three  or  loar  coels  cf  life 
hard  /lai  are  to  be  applied  evealy  aad  dryly  oa  Ike  oraaamats  aad  the  paita whieh  sma 
be  most  ca  refill  ly  gilded. 

8.  The  Odd  tohr  is  thea  to  be  iSBootbly  apylied.  This  is  mcindy  the  dregs  cf  tk 
eolors,  groond  and  teonipered  wiih  oil,  which  rcmaia  hi  the  Ultle  dish  hi  whieh  paiatoi 
elean  tbeir  brasbes.  Tbis  sobslance  is  extremely  rich  aad  glaeyi  after  heiag  gionsi 
«p^  aad  passed  tbroogh  fine  linen  ekMh,  it  Ibrms  the  gieaad  for  gold  leaC 

4.  When  the  gold  cohv  is  dry  enoog b  to  celeb  hcdd  of  the  leaf  gold,  ihia  ia  spiesi  m 
the  coihion,  cot  into  pieces,  and  careHilly  applied  with  the  palcHe  kaifey  pitsmd  dses 
with  cotton,  and  in  tbe  HDall  omsments  wiih  a  fiac  bmiih. 

6.  If  the  gildinss  be  for  outside  exposure,  as  balconies,  gratings,  statues,  &c.,  ikef 
must  not  be  varnished,  as  simple  oil  giklinc  stands  better;  for  when  it  is  Tarnished,  t 
bright  sun-beam,  acting  af\er  heavy  rain,  gives  the  gilding  a  jagged  appearance.  Wliei 
the  objects  are  inside  ones,  a  coat  of  spirit  varnish  may  be  passed  over  the  gold  leaf,  Uws 
a  glow  from  tbe  gilder's  chafing  dish  may  be  given,  and  finally  a  coat  of  oil  varnish.  The 
workman  who  causes  the  cha6ng  dish  to  glide  in  front  of  the  varnished  surface,  Botf 
avoid  slopping  for  an  instant  opposite  any  point,  otherwise  be  would  cause  the  varaiA 
to  boil  and  blister.  This  heat  brings  out  ihc  whc4e  transparency  of  tbe  varnish  sad 
lustre  of  the  gold. 

Oil  Gildins:  is  employed,  with  varnish  polish,  upon  equipages,  mirror-frames,  and  other 
furniture.   The  following  method  is  employed  by  eminent  gilders  at  Paris. 

1.  White  lead,  with  half  its  weight  of  yellow  ochre,  and  a  little  Jilhaige,  are  sepa- 
rately ground  very  fine ;  and  the  whole  is  ihen  tempered  with  linseed  oil,  thinned  wilk 
essence  of  turpentine,  and  applied  in  an  evenly  coat,  called  impruMion. 

2.  When  this  coat  is  quite  dn-,  several  coals  of  the  hard  tint  are  given,  even  so  Duy 
as  10  or  12,  should  the  surface  rec^uire  it,  for  smoothing  and  filling  up  the  pores.  These 
coats  are  eiven  daily,  leaving  them  to  dry  in  the  interval  in  a  warm  sunny  ex|-osnre. 

3.  When  the  work  is  perfectly  dr>',  it  is  first  soHened  down  with  pumice  stone  and  water, 
afterwards  with  worsted  cloth  and  very  finely  powdered  pumice,  till  the  hard  taU  give 
no  reflection,  and  be  smooth  as  glass. 

4.  With  a  camel's  hair  brush,  there  must  be  given  lightly  and  with  a  gentle  beat,  from 
4  to  5  coats  at  least,  and  even  sometimes  double  that  number,  of  fine  lac  varnish. 

5.  When  these  are  dry,  the  grounds  of  the  panels  and  the  sculptures  most  be  first 
polished  with  shave-grass  (de  laprtle) ;  and  next  with  putty  of  tin  and  tripoli,  leropmd 
with  water,  applied  with  woollen  cloth;  by  which  the  varnish  is  polished  till  it  shinci 
like  a  mirror. 

6.  The  work  thus  polished  is  carried  into* a  hot  place,  free  from  dust,  where  it  receivci 
▼cry  lightly  and  smoothly  a  thin  coat  of  gold  cohr,  much  softened  down.  Tbis  coat  il 
passed  over  it  with  a  clean  soft  brush,  and  the  thinner  it  is  the  better. 

7.  Whenever  the  gold  color  is  dry  enough  to  take  the  gold,  which  is  known  by  layisr 
the  back  of  the  hand  on  a  corner  of  the  frame  work,  the  gilding  is  began  and  finishei 
as  usual. 

8.  Tbe  goM  is  smoothed  off  with  a  very  soft  bmsh,  oae  of  eamel*s  hair,  Ibr  examfk^ 
of  three  fingers'  breadth;  after  which  U  is  left  to  dry  for  several  days. 
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9.  It  is  then  yarnkhed  with  a  spirit  of  wine  varnish ;  which  is  treated  with  the  chafing 
disli  as  above  descriwd. 

10.  When  this  varnish  is  dry,  two  or  three  coats  of  copal  or  oil  Tarnish  are  applied,  at 
intervals  of  two  days. 

11.  Finally,  the  panels  are  polished  with  a  worsted  cloth,  imbued  with  tripoli  and 
water,  and  lustre  is  given  by  friction  with  the  palm  of  the  hand,  previously  softened  with 
m  little  olive  oil,  taking  care  not  to  rub  off  the  gold. 

In  this  country,  burnished  gilding  is  practised  by  first  giving  a  ground  of  sixe  whiting, 
,  in  several  successive  coats ;  next  applying  gilding  size ;  and  then  the  gold  leaf,  which  is 
barnished  down  with  agate,  or  a  dog's  tooth. 

OUding  in  dixUmptr  of  the  French,  is  the  same  as  our  burnished  gilding.  Their  pro- 
cess seems  to  be  very  elaborate,  and  the  best  consists  of  17  operations ;  each  of  them 
■aid  to  be  essential. 

1.  EncoUage,  or  the  glue  coat.  To  a  decoction  of  wormwood  and  garlic  in  water, 
ftrained  through  a  cloth,  a  little  common  salt  and  some  vinegar  are  added.  This  eom- 
position,  as  being  destructive  of  worms  in  wood,  is  mixed  with  as  much  good  glue ;  and  the 
mixture  is  spread  in  a  hot  state,  with  a  brush  of  boar's  hair.  When  plaster  or  marble  is 
to  be  gilded,  the  nalt  must  be  left  out  of  the  above  composition,  as  it  is  apt  to  attract  ha- 
midity  in  damp  places,  and  to  come  out  as  a  white  powder  on  the  gilding.  But  the  salt 
is  indispensable  for  wood.   The  first  glue  coating  is  made  thinner  than  the  second..  ^ 

2.  White  preparation.  This  consists  in  covering  the  above  surface  with  8,  10,  or  12 
coats  of  Spanish  white^  mixed  up  with  strong  size,  each  well  worked  oh  with  the  brush, 
and  in  some  measure  incorporated  with  the  preceding  coat,  to  prevent  their  peeling  oflf 
in  scales. 

3.  Stopping  up  the  pores,  with  thick  whiting  and  glue,  and  smoothing  the  surface  with 
dog-skin. 

4.  Polishing  the  surface  with  pumice-stone  and  very  cold  water. 

5.  Reparation;  in  which  a  skilful  artist  retouches  the  whole. 

6.  CUaneing ;  with  a  damp  linen  rag,  and  then  a  soft  sponge. 

7.  Priler.  This  is  rubbing  with  horse's  tail  (^shave-grate)  the  parts  to  be  yellowed,  in 
order  to  make  them  softer. 

8.  Yellowing,  With  this  view  yeUbw  ochre  is  carefully  ground  in  water,  and  mixed 
with  transparent  colorless  size.  The  thinner  part  of  this  mixture  is  applied  hot  over  the 
white  surface  with  a  fine  brush,  which  gives  it  a  fine  yellow  hue. 

9.  Ungraining  consists  in  rubbing  the  whole  work  with  shave-grass,  to  remove  any 
granular  appearance. 

10.  Coat  of  assiette ;  trencher  coat.  This  is  the  composition  on  which  the  gold  is  to 
be  laid.  It  is  composed  of  Armenian  bole,  1  pound  ;  bloodstone  (hematite),  2  ounces; 
mad  as  much  salcna ;  each  separately  ground  in  water.  The  whole  are  then  mixed  to- 
gether, and  ground  up  with  about  a  spoonful  of  olive  oil.  The  assiette  well  made  and  ap- 
plied gives  beauty  to  the  gilding.  The  aseiette  is  tempered  with  a  white  sheep-skin  glue, 
Tery  clear  and  well  strained.  This  mixture  is  heated  and  applied  in  three  successive 
coats,  with  a  very  fine  long-haired  brush. 

11.  Rubbings  with  a  piece  of  dry,  clean  linen  cloth;  except  the  parts  to  be  burnished, 
which  are  to  receive  other  two  coats  of  assiette  tempered  with  glue. 

12.  Gilding,  The  surface,  being  damped  with  cold  water  (iced  in  sunmier),  has  then 
the  gold  leaf  applied  to  it.  The  hollow  grounds  must  always  be  gilded  before  the  pro> 
minent  parts.  Water  is  dexterously  applied  by  a  soft  brush,  immediately  behind  the 
gold  leaf,  before  laying  it  down,  which  makes  it  lie  smoother.  Any  excess  of  water  it 
then  removed  with  a  dry  brush. 

13.  Burnishing  with  bloodstone. 

14.  Deadening,  This  consists  in  passing  a  thin  coat  of  glue,  slightly  warmed,  over  the 
parts  that  are  not  to  be  burnished. 

15.  Mending ;  that  is,  moistening  any  broken  points  with  a  brush,  and  applying  bits 
at  gold  leaf  to  them. 

16.  The  vermeil  coat.  Vermeil  is  a  liquid  which  gives  lustre  and  fire  to  the  gold ;  and 
makes  it  resemble  or  moulu.  It  is  composed  as  follows :  2  ounces  of  annotto,  1  onace 
of  gamboge,  1  ounce  of  vermilion,  half  an  ounce  of  dragon's  blood,  2  ounces  of  salt  of 
tartar,  and  18  grains  of  saffron,  are  boiled  in  a  litre  (2  pints  English)  of  water,  over  a 
•low  fire,  till  the  liquid  be  reduced  to  a  fourth.  The  whole  is  then  passed  through  a 
•ilk  or  muslin  sieve.  A  little  of  this  is  maiie  to  glide  lightly  over  the  gold,  with  a  very 
•oft  brush. 

17.  Repasstage  is  passing  over  the  dead  surfaces  a  second  coat  of  deadening  glne^ 
which  must  be  hotter  than  the  first.   This  finishes  the  work,  and  gives  it  strength. 

Leaf  gildingy  on  paper  or  vellum,  is  done  by  giving  them  a  coat  of  gum  water  or  iaa 
lis^  applying  the  gold  leaf  ere  the  sarfaces  be  hard  dry,  and  buraishAag  with  agate. 
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Gold  letterings  on  bound  books,  is  given  without  size,  by  layifl^^^  ^  ^ 

leather,  and  imprinting  it  with  hot  brass  types. 

The  edget  of  the  leaves  of  books  are  gilded  while  they  are  in  the  press,  where  theyha^ 
been  cut  smooth,  by  applying  a  solution  of  isinglass  in  spiriu,  and  laying  on  the  gold 
when  the  edges  are  in  a  proper  state  of  dryness.  The  French  workmen  employ  a  grooid 
of  Armenian  bole,  mixed  with  powdered  sugar-caody,  by  means  of  white  6f  egg.  Thii 
ground  is  laid  very  thin  upon  the  edges,  aAer  fine  size  or  gum  water  has  been  apjdkd; 
and  when  the  ground  is  dry  it  is  rubbed  smooth  with  a  wet  rag,  which  moistens  it  suffi- 
ciently to  take  the  gold. 

Japatmer's  gilding  is  done  by  sprinkling  or  daubing  with  wash  leather,  some  gold  pow- 
der, over  an  oil  siz«i  surface,  mixed  with  oil  of  turpentine.  This  gives  the  appearuee 
of  frosted  gold.  The  gold  powder  may  be  obtained,  either  by  precipitating  gold  from  its 
solution  in  aqua  regia  by  a  solution  of  pure  sulphate  of  iron,  or  by  evaporating  away  tk 
mercury  from  some  gold  amalgam. 

II.  Chemical  gilding,  or  the  application  of  gold  by  chemical  affinity  to  metallie  m- 
faces. 

A  compound  of  copper  with  one  seventh  of  brass  is  the  best  metal  for  gilding  on ;  top- 
per  by  itself  being  too  soft  and  dark  colored.  Ordinary  brass,  however,  answers  Tcrj 
well.  We  shall  describe  the  process  of  wash  gilding,  with  M.  lyArcet's  late  improie- 
ments,  now  generally  adopted  in  Paris. 

Wash  gilding  consists  in  applying  evenly  an  amalgam  of  gold  to  the  surface  of  a  eop- 
per  alloy,  and  dissipating  the  mercury  with  heat,  so  as  to  leave  the  gold  film  fixed.  Tlie 
surface  is  aflerwaids  burnished  or  deadened  at  pleasure.  The  goM  ought  to  be  (pite 
pure,  and  laminated  to  facilitate  its  combination  with  the  mercury ;  which  shouki  tbo 
be  pure. 

Preparation  of  the  amalgam.  After  weighing  the  fine  gold,  the  workman  pots  it  ii  a 
crucible,  and  as  soon  as  this  becomes  faintly  red,  he  pours  in  the  requisite  qnanlity 
of  mercury;  which  is  about  8  to  1  of  gold.  He  stirs  up  the  mixture  with  an  iron  rod, 
bent  hookwise  at  the  end,  leaving  the  crucible  on  the  fire  tiU  he  perceives  that  all  die 
gold  is  dissolved.  He  then  pours  the  amalgam  into  a  small  earthen  dish  containing  wtter, 
washes  it  with  care,  and  squeezes  out  of  it  with  his  fingers  all  the  running  mercury  that 
he  can.  The  amalgam  that  now  remains  on  the  sloping  sides  of  the  vessel  is  so  pasty  as 
to  preserve  the  impression  of  the  fingers.  When  this  is  squeezed  in  a  shamoy  leatber 
bag,  it  gives  up  much  mercury ;  and  remains  an  amalsam,  consisting  of  about  33  of  mer- 
cury, and  57  of  gold,  in  100  parls.  The  mercury  which  passes  through  the  bag,  under 
the  pressure  of  the  fingers,  holds  a  good  deal  of  gold  in  solution  *,  and  is  employed  in  ma- 
king fresh  amalgam. 

Preparation  of  the  mercurial  solution.  The  amalgam  of  gold  is  applied  to  brass,  through 
the  intervention  of  pure  nitric  acid,  holding  in  solution  a  little  mercury. 

100  parts  of  mercury,  and  110  parts  by  weight  of  pure  nitric  acid,  specific  gravity  1*33, 
are  to  be  put  into  a  glass  matrass.  On  the  application  of  a  gentle  heat  the  mercury  dis- 
solves with  the  disengagement  of  fumes  of  nitrous  Ras,  which  must  be  allowed  to  escape 
into  the  chimney.  This  solution  is  to  be  diluted  with  about  25  times  its  weight  of  pore 
water,  and  bottled  up  for  use. 

1.  ^Annealing, — The  workman  anneals  the  piece  of  bronze  after  it  has  come  out  of  the 
hands  of  the  turner  and  engraver.  He  sets  it  among  burning  charcoal,  or  rather  peal^ 
which  have  a  more  equal  and  lively  flame ;  covering  it  quite  up,  so  that  it  may  be  oxydized 
as  little  as  possible,  and  taking  care  that  the  thin  parts  of  the  piece  do  not  become  hotter 
than  the  thicker.  This  operation  is  done  in  a  dark  room,  and  when  he  sees  the  piece  of 
a  cherry  red  color,  he  removes  the  fuel  from  about  it,  lifts  it  out  with  long  tongs,  and  sets 
it  to  cool  slowly  in  the  air. 

2.  The  decapage. — The  object  of  this  process  is  to  clear  the  surface  from  the  coal  of 
oxyde  which  may  have  formed  upon  it.  The  piece  is  plunged  into  a  bucket  filled  with 
extremely  dilute  sulphuric  acid  ;  it  is  left  there  long  enough  to  allow  the  coat  of  oxyde  to 
be  dissolved,  or  at  least  loosened  ;  and  it  is  then  rubbed  with  a  hard  brush.  When  the 
piece  becomes  perfectly  bright,  it  is  washed  and  dried.  Its  surface  may  however  be  still 
a  little  variegated ;  and  the  piece  is  therefore  dipped  in  nitric  acid,  specific  eravity  1*33, 
and  afterwards  rubbed  with  a  long-haired  brush.  The  addition  of  a  little  common  salt 
to  the  dilute  sulphuric  acid  would  probably  save  the  use  of  nitric  acid,  which  is  so  apt  to 
produce  a  new  coat  of  oxyde.  It  is  finally  made  quite  dry  (after  washing  in  pure  water), 
by  being  rubbed  well  with  tanners'  dry  bafk,  saw-dust,  or  bran.  The  surface  should 
now  appear  somewhat  de-polished ;  for  when  it  is  very  smooth,  the  gold  does  not  adhere 
so  well. 

application  of  the  amalgam. — The  gilder's  scratch-hrush  or  pencil,  made  with 
fi&e  brass  wire,  is  to  be  dipped  into  the  solution  of  nitrate  of  mercury,  and  is 
then  to  be  drawn  over  a  lump  of  gold  amalgam,  laid  on  the  sloping  side  of  an  earthen 
Wiudf  after  which  it  is  to  be  applied  to  the  surface  of  the  brass.   This  process  is  to  bt 
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repeated,  dipping  the  brash  into  the  solation,  and  drawing  it  orer  the  amalgam,  till  the 
i^ole  surface  to  be  gi^^ed  is  coated  with  its  just  proportion  of  gold.  The  piece  is  then 
washed  in  a  body  of  water,  dried,  and  put  to  the  fire  to  volatilize  the  mercury.  If  one 
coat  of  i^ilding  be  insufficient,  the  piece  is  washed  over  anew  with  amalgam,  and  the  op- 
eration recommenced  till  the  work  prove  satisfactory. 

4.  Volatilization  of  the  mercury. — Whenever  the  piece  is  well  coated  with  amalgam, 
the  gilder  exposes  it  to  glowing  charcoal,  turning  it  about,  and  heating  it  by  degrees 
to  the  proper  point;  he  (hen  withdraws  il  from  the  fire,  lifts  it  with  long  pincers,  and, 
seizing  it  in  his  left  hand,  protected  by  a  stuffed  glove,  he  turns  it  over  in  every  direc- 
tion, rubbing  and  striking  it  all  the  while  with  a  long-haired  brush,  in  order  to  equalize 
the  amalgam.  He  now  restores  the  piece  to  the  fire,  and  treats  it  in  the  same  way  till 
the  mercury  be  entirely  volatilized,  which  he  recognises  by  the  hissing  sound  of  a  drop 
of  water  let  fall  on  it.  During  this  time  he  repairs  the  defective  spots,  taking  care  to 
volatilize  the  mercury  very  slowly.  The  piece,  when  thoroughly  coated  with  gold,  is 
washed,  and  scrubbed  well  with  a  brush  in  water  acidulated  with  vinegar. 

If  the  piece  is  to  have  some  parts  burnished,  and  others  dead,  the  parts  to  be  burnished 
are  covered  with  a  mixture  of  Spanish  white,  bruised  sugar-candy,  and  gum  dissolved  in 
water.  This  operation  is  called  in  French  epargner  (protecting).  When  the  gilder  has 
protected  the  burnished  points,  he  dries  the  piece,  and  carries  the  heat  high  enough  to 
expel  the  little  mercury  which  might  still  remain  on  it.  He  then  plunges  it,  while  still 
a  Uttle  hot,  in  water  acidulated  with  sulphuric  acid,  washes  it,  dries  it,  and  gives  it  the 
burnish. 

5.  The  burnish  is  given  by  rubbing  the  piece  with  burnishers  of  hematite  (blood- 
stone). The  workman  dips  his  burnisher  in  water  sharpened  with  vinegar,  and  rubs  the 
piece  always  in  the  same  direction  backwards  and  forwards,  till  it  exhibits  a  fine  polish, 
and  a  complete  metallic  lustre.  He  then  washes  it  in  cold  water,  dries  it  with  fine  linen 
cloth,  and  concludes  the  operation  by  drying  it  slowly  on  a  grating  placed  above  a  chafing 
dish  of  burning  charcoal. 

6.  The  deadening  is  given  as  follows.  The  piece,  covered  with  the  protection  on  those 
parts  that  are  to  be  burnished,  is  attached  with  an  iron  wire  to  the  end  of  an  iron  rod, 
and  is  heated  strongly  so  as  to  give  a  brown  hue  to  the  epargne  by  its  partial  carbon- 
ization. The  gilded  piece  assumes  thus  a  fine  tint  of  gold ;  and  is  next  coated  over  with 
n  mixture  of  sea  salt,  nitre,  and  alum,  fused  in  the  water  of  crystallization  of  the  latter 
salt.  The  piece  is  now  restored  to  the  fire,  and  heated  till  the  saline  crust  which  covers 
it  becomes  homogeneous,  nearly  transparent,  and  enters  into  true  fusion.  It  is  then  taken 
from  the  fire  and  suddenly  plunged  into  cold  water,  which  separates  the  saline  crust,  car- 
rying away  even  the  coat  of  epargne.  The  piece  is  lastly  passed  through  very  weak  nitric 
acid,  washed  in  a  great  body  of  water,  and  dried  by  exposure  either  to  the  air,  over  a 
drying  stove,  or  with  clean  linen  cloths.  ^ 

7.  0/  or-moulu  color,  —  When  it  is  desired  to  put  a  piece  of  gilded  bronze  into  or- 
tnoulu  color,  it  must  be  less  scrubbed  with  the  scratch-brush  than  usual,  and  made  to 
come  back  again  by  heating  it  more  strongly  than  if  it  were  to  be  deadened,  and  allowing 
it  then  to  cool  a  little.  The  or-moulu  coloring  is  a  mixture  of  hematite,  alum,  and 
sea  salt.  This  mixture  is  to  be  thinned  with  vinegar,  and  applied  with  a  brush  so  as  to 
cover  the  gilded  brass,  with  reserve  of  the  burnished  parts.  The  piece  is  then  put  on 
glowing  coals,  urged  a  little  by  the  bellows,  and  allowed  to  heat  till  the  color  begins 
to  blacken.  The  piece  ought  to  be  so  hot  that  water  sprinkled  on  it  may  cause  a  hissing 
noise.  It  is  then  taken  from  the  fire,  plunged  into  cold  water,  washed,  and  next  nibbed 
with  a  brush  dipped  in  vinegar,  if  the  piece  be  smooth,  but  if  it  be  chased,  weak  nitric 
acid  must  be  used.  In  either  case,  it  must  be  finally  washed  in  a  body  of  pure  water,  and 
diied  over  a  gentle  fire. 

8.  0/  red  gold  color. — To  give  this  hue,  the  piece,  after  being  coated  with  amalgam 
and  heated,  is  in  this  hot  state  to  be  suspended  by  an  iron  wire,  and  tempered  with  the 
composition  known  under  the  name  of  gilder's  wax ;  made  with  yellow  wax,  red  ochre, 
verdigris,  and  alum.  In  this  state  it  is  presenled  to  the  flame  of  a  wood  fire,  is  heated 
strongly,  and  the  combustion  of  its  coating  is  favored  by  throwing  some  drops  of  the  wax 
mixture  into  the  burning  fuel.  It  is  now  turned  round  and  round  over  the  fire,  so  that  the 
flame  may  act  equally.  When  all  the  wax  of  the  coloring  is  burned  away,  and  when  the 
flame  is  extinguished,  the  piece  is  to  be  plunged  in  water,  wasned,  and  scrubbed  with  the 
scratch-brush  and  pure  vinegar.  If  the  color  is  not  beautiful,  and  quite  equal  in  shade, 
the  piece  is  coated  with  verdigris  dissolved  in  vinegar,  dried  over  a  gentle  fire,  plunged 
in  water,  and  scrubbed  with  pure  vinegar,  t>r  even  with  a  little  weak  nitric  acid  if  the 
piece  exhibit  too  dark  a  hue.  It  is  now  washed,  bumbhed,  washed  anew,  wiped  with 
liaen  cloth,  and  finally  dried  over  a  gentle  fire. 

The  following  is  the  outline  of  a  complete  gilding  factory,  as  now  fitted  up  at 
Paris. 

Fig.  529.  Front  elevation  and  plan  of  a  complete  gilding  workshop. 


«  1 

r.  Ashpit  of  this  fumaee. 

w.  Chimney  of  this  fnnisee  eonstraeted  of  brieln»  m  Ihr  as  the  eoatimetioa  of  tie 
great  chimney  s  of  the  forge,  and  which  is  tenninated  by  a  sammit  pipe  rising  f  or  3 
yards  above  this  contraction. 

B.  For^e  for  annealing  the  pieces  of  bronze;  for  drying  the  gilded  pieces, &c. 

c.  Chimnpy  of  communication  between  the  annealing  forge  b,  and  the  space  d  below 
the  forge.  This  chimney  serves  to  carry  the  noxious  fumes  into  the  great  rent  of  the 
factory. 

u.  Backet  for  the  brightening  operation. 

A.  Forire  for  passing  the  amalgam  over  the  piece. 

a.  Shelf  for  the  brushing  operations. 

X  K.  Coal  cellarets. 

0.  Forge  for  the  deadening  process, 
c.  Furnace  for  the  same. 

M.  An  opcnini;  into  the  furnace  of  appel^  by  which  Tapon  may  be  let  off  from  any  op^ 
ration  by  taking:  out  the  plug  at  m. 

1.  Cask  in  which  the  pieces  of  eilded  brass  are  plunged  for  the  deadening  process* 
The  vapors  rising  thence  are  carried  up  the  general  chimney. 

J  J.  Casement  with  glass  panes,  which  serves  to  contract  the  opening  of  the  hearths, 
without  obstructing  the  view.  The  casement  may  be  rendered  moveable  to  admit  larger 
objects. 

H  II.  Curtains  of  coarse  cotton  cloth,  for  closing  at  pleasure,  in  whole  or  part,  one  or 
several  of  the  forges  or  hearths,  and  for  quickening  the  current  of  air  in  the  places  where 
the  curtains  are  not  drawn. 

«.  Opening  above  the  draught  furnace,  which  serves  for  the  heating  of  the  poUom  am 
mat  (deadening  pan).  • 

Gilding  on  polished  iron  and  steel.  ^IC  a  nearly  neutral  solution  of  gold  in  mariatie 
acid  be  mixed  with  sulphuric  ether,  and  agitated,  the  ether  will  take  up  the  goU,  and 
float  above  the  denser  acid.  When  this  auriferous  ether  is  applied  by  a  hair  pencil  to 
briehily  polished  iron  or  steel,  the  ether  flies  off,  and  the  gold  adheres.  It  must  be  fixed 
by  polish ini?  with  the  burnisher.  This  gildinir  is  not  very  rich  or  durable.  In  fact,  the 
aflinity  beiwecn  «old  and  iron  is  feeble,  compared  to  that  between  gold  and  copper  or 
silver.  But  polished  inm,  steel,  and  copper,  msy  be  gilded  with  heat,  by  gold  IttL 
They  are  first  heated  till  the  iron  takes  a  bluish  tint,  and  till  the  copper  has  attained  to 
a  like  temperature;  a  first  coat  of  gold  leaf  is  now  applied,  which  it  pressed  geotly 
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bvm  with  a  burnisher,  and  then  exposed  to  a  gentle  heat.  Sereral  leaves  either  single 
IT  double  are  thus  applied  in  succession,  and  the  last  is  burnished  down  cold. 

Cold  gilding, — Sixty  grains  of  fine  gold  and  12  of  rose  copper  are  to  be  dissolved  ia 
mo  ounces  of  aqua  rezia.  When  the  solution  is  completed,  it  is  to  be  dropped  on  clean 
iiien  rag.«,  of  such  bulk  as  to  absorb  all  the  liquid.  They  are  then  dried,  and  burned  in- 
0  ashes.   These  ashes  contain  the  gold  in  powder. 

When  a  piece  is  to  be  cilded,  after  subjecting  it  to  the  preliminary  operations  of  soft- 
Bing  or  annealing  and  brightening,  it  is  rubbed  with  a  moistened  cork,  dipped  in  the 
ibove  powder,  till  the  surface  seems  to  be  sufficiently  gilded.  Large  works  are  there- 
Aer  burnished  with  pieces  of  hematite,  and  small  ones  with  steel  burnishers,  along  with 
oap  water.  *  * 

In  gilding  small  articles,  as  buttons,  with  amalgam,  a  portion  of  this  is  taken  equivalent 
o  the  wuik  to  be  done,  and  some  nitrate  of  mercury  solution  is  added  to  it  in  a  wooden 
roDgh  ;  the  whole  articles  are  now  put  in,  and  well  worked  about  with  a  hard  brush,  till 
heir  surfaces  are  equably  coated.  They  are  then  washed,  dried,  and  put  altogether  into 
m  iron  frying-pan,  and  heated  till  the  mercury  begins  to  fly  ofl^,  when  they  are  turned  out 
Dto  a  cap,  in  which  they  are  tossed  and  well  stirred  about  with  a  painter's  brush.  The 
iperation  must  be  repeated  several  times  for  a  strong  gilding.  The  surfaces  are  finally 
lightened  by  brushing  them  along  with  small  beer  or  ale  grounds. 

Gold  wire  is  formed  by  drawing  a  cylindrical  rod  of  the  metal,  as  pure  as  may  be, 
through  a  series  of  holes  punched  in  an  iron  plate,  diminishing  progressively  in  size.  The 
fold,  as  it  is  drawn  through,  becomes  hardened  by  the  operation,  and  requires  frequent 
innealing. 

Gold  thnadj  or  spun  goldy  is  a  flatted  silver-gilt  wire,  wrapped  or  laid  over  a  thread  of 
fellow  silk,  by  twisting  with  a  wheel  and  iron  bobbij|^.  By  the  aid  of  a  mechanism  like 
the  Braiding  Machine,  a  number  of  threads  may  thus  be  twisted  at  once  by  one  master 
wheel.  The  principal  nicety  consists  in  so  regulating  the  movements  tbnt  the  successive 
rolutions  of  the  flatted  wire  on  each  thread  may  just  touch  one  another,  and  form  a 
continuous  covering.  The  French  silver  for  gilding  is  said  to  be  alloyed  with  5  or  6 
pennyweights,  and  ours  with  12  pennyweights  of  copper  in  the  pound  troy.  The  gold 
»  applied  in  leaves  of  greater  or  less  thickness,  according  to  the  quality  of  the  gilt  wire. 
The  smallest  proportion  formerly  allowed  in  this  country  by  act  of  parliament,  was  100 
grains  of  gold  to  one  pound,  or  5760  grains  of  silver ;  but  more  or  less  may  now  be  used. 
The  silver  rod  is  encased  in  the  gold  leaf,  and  the  compound  cylinder  is  then  drawn  into 
round  wire  down  to  a  certain  size,  which  is  afterwards  flatted  in  a  rolling  mill  such  as  is 
described  under  Mint. 

The  liquor  employed  by  goldsmiths  to  bring  out  a  rich  color  upon  the  surface  of  their 
trinkets,  is  made  by  dissolving  1  part  of  sea  salt,  1  part  of  alum,  2  parts  of  nitre,  in  3  or 
4  of  water.  This  pickle  or  sauce,  as  it  is  called,  taJces  up  not  only  the  copper  alloy,  but 
a  notable  quantity  of  gold ;  the  total  amount  of  which  in  the  Austrian  empire,  has  been 
estimated  annually  at  47,000  francs.  To  recover  this  gold,  the  liquor  is  diluted  wilh  at 
least  twice  its  bulk  of  boiling  water ;  and  a  solution  of  very  pqre  green  sulphate  of  iron 
is  poured  into  it.  The  precipitate  of  gold  is  washed  upon  a  filter,  dried,  and  purified  by 
Didting  in  a  cnicible  along  with  a  mixture  of  equal  parts  of  nitre  and  borax. 

GONG-GONG,  or  tam-tam  of  the  Chinese;  a  kind  of  cymbal  aade  of  a  copper  alloy, 
lescribed  towafds  the  end  of  the  article  Copper. 

GONIOMETER  is  the  name  of  a  little  instrument  made  either  on  mechanical  or 
>ptical  principles,  for  measuring  the  angles  of  crystals.  It  is  indispensable  to  the  mine- 
ralogist. 

GRADUATOR,  called  by  its  contriver,  M.  Wagenmann,  Estigbilder,  which  means 
in  German,  vinegar-maker,  is  represented  in  fig.  530.  It  is 
an  oaken  tub,  5|  feet  high,  3|  feet  wide  at  top,  and  3  at 
bottom,  set  upon  wooden  beams,  which  raise  its  bottom 
about  14  inches  from  the  floor.  At  a  distance  of  15  inches 
above  the  bottom,  the  tub  is  pierced  with  a  horizontal  row 
of  8  equidistant  round  holes,  of  an  inch  in  diameter.  At  6 
inches  beneath  the  mouth  of  the  tub,  a  thick  beech-wood 
hoop  is  made  fast  to  the  inner  surface,  which  supports  • 
circular  oaken  shelT  leaving  a  space  round  its  edge  of  1} 
inches,  which  is  stuflled  water  tight  with  hemp  or  tow.  In 
this  shelf,  400  holes  at  least  must  be  bored,  about  i  of  an 
inch  in  diameter  and  ]|  inches  apart;  and  each  of  these 
must  be  loosely  filled  with  a  piece  of  packthread;  or  cotton 
wick,  which  serves  to  filter  the  liquid  slowly  downwards. 
In  the  same  shelf  there  are  likewise  four  larger  holes  of  I|  inches  diameter,  and  18 
inches  apart,  each  of  which  receives  air-tight  a  glass  tube  3  or  4  inches  long,  having  its 
'   projecting  above  and  below  the  shelf.    These  tubes  serve  to  allow  the  air  that 
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enters  by  the  8  circumferential  holes,  to  circulate  freely  throngh  the  gradaator.  TW 
mouth  of  the  tube  is  covered  wiih  a  wooden  lid,  in  whose  middle  is  a  hole  for  the  insertiot 
of  a  funnel,  when  the  liquor  of  acetification  requires  to  be  introduced.  One  inch  above 
the  bottom,  a  hole  is  bored  for  receiving  a  syphon-formed  discharge  pipe,  whose  appe 
curvature  stands  one  inch  below  the  level  of  the  holes  in  the  side  of  the  tab,  to  prevnt 
the  liquor  from  rising  so  high  as  to  overflow  through  them.  The  syphon  is  so  beat  u  to 
retain  a  body  of  liquor  12  inches  deep  above  the  bottom  of  the  tub,  and  to  allow  tbe  a- 
cess  only  to  escape  into  the  subjacent  receiver.  In  the  upper  part  of  the  graduator,  bst 
under  the  shelf,  the  bulb  of  a  thermometer  is  inserted  through  the  side,  some  way  iito 
the  interior,  having  a  scale  exteriorly.  The  whole  capacity  of  the  cask  from  the  bottoa 
up  to  within  one  inch  of  the  perforated  shelf,  is  to  be  filled  with  thin  shavings  of  becd 
wood,  grape  stalks,  or  birch  twigs,  previously  imbued  with  vinegar.  The  manner  of  viiig 
this  simple  apparatus  is  described  under  Acetic  Acid. 

GRANITE  is  a  compound  rock,  essentially  composed  of  quartz,  feldspar,  and  mies, 
each  in  granular  crystals.  It  constitutes  the  lowest  of  the  geological  formations,  sad 
tHerefore  has  been  supposed  to  serve  as  a  base  to  all  the  rest.  It  is  the  most  duabk 
material  for  building,  as  many  of  the  ancient  Egyptian  monuments  testify. 

The  obelisk  in  the  place  of  Saint  Jean  de  Lateran  at  Rome,  which  was  quarried  st 
Syene,  under  tbe  reign  of  Zetus,  king  of  Thebes,  1300  years  before  the  Chri^tiaB  eit; 
and  the  one  in  the  place  of  Saint  Pierre,  also  at  Rome,  consecrated  to  the  Sun  by  a  soa 
of  Sesostris,  have  resisted  the  weather  for  fully  3000  years.  On  the  other  band  there  sre 
many  granites,  especially  those  in  which  feldspar  predominates,  which  crack  and  cnunUe 
down  in  the  course  of  a  few  years.  In  the  same  mountain,  or  even  in  the  same  qoinj, 
granites  of  very  different  qualities  as  to  soundness  and  durability  occur.  Some  of  tbe 
graniies  of  Cornwall  and  Limousin  readily  resolve  themselves  into  a  white  kaolia  or 
argillaceous  matter,  from  which  pottery  and  porcelain  are  made. 

Granite,  when  some  time  dug  out  of  the  quarry,  becomes  refractory,  and  difficult  to  est. 
When  this  rock  is  intended  to  be  worked  it  should  be  kept  under  water ;  and  that  variety 
ought  to  be  selected  which  contains  least  feldspar,  and  in  which  the  quartz  or  gray  crys- 
tals predominate. 

GRANULATION  is  the  process  by  which  metals  are  reduced  to  minute  grains.  It  ii 
effected  by  pouring  them,  in  a  melted  state,  through  an  iron  cullender  pierced  with  sdsU 
holes,  into  a  body  of  water ;  or  directly  upon  a  bundle  of  twigs  immer^  in  water.  la 
this  way  copper  is  granulated  into  bean  shot,  and  silver  alloys  are  granulated  preparatoiy 
to  Parting  ;  which  see. 

GRAPHITE  (PlombagiWyFr. ;  Reisnbld,  Germ.)  is  a  mineral  substance  of  a  letd  or 
iron  gray  color,  a  njetallic  lustre,  soA  to  the  touch,  and  staining  the  fingers  with  a  lead 
gray  hue.  Spec.  prav.  2*08  to  2*45.  It  is  easily  scratched,  or  cut  with  a  steel  cdsre,  and 
displays  the  metallic  lustre  in  its  interior.  Burns  with  great  difficulty  in  the  oaiward 
flame  of  the  blow-pipe.  It  consists  of  carbon  in  a  peculiar  state  of  acgresation,  viih  aa 
extremely  minute  and  apparently  accidental  impregnation  of  iron.  Graphite,  called  also 
plumbago  and  black  lead,  occurs  in  gneiss,  mica  slate,  and  their  subordinate  clay  elates 
and  lime  stones ;  in  the  form  of  masses,  veins,  and  kidney-shaped  disseminated  pieces; 
as  also  in  the  transition  slate,  as  at  Borrodale  in  Cumberland,  where  the  most  precious 
deposite  exists,  both  in  reference  to  extent  and  quality,  for  making  pencils.  It  has  been 
found  also  among  the  coal  strata,  as  near  Cumnock  in  Ayrshire.  This  substance  is  em- 
ployed for  counteracting  friction  between  rubbing  surfaces  of  wood  or  metal,  for  making 
crucibles  and  portable  furnaces,  for  giving  a  gloss  to  the  surface  of  cast  iron,  &c.  See 
Plumbago,  for  some  remarks  concerning  the  Cumberland  mine. 

GRAUWACKE,  or  GREYWACKE,  is  a  rock  formation,  composed  of  pieces  of  qoartx, 
flinty  slate,  feldspar,  and  clay  slate,  cemented  by  a  clay-slate  basis ;  the  pieces  varying  in 
size  from  small  grains  to  a  hen's  egg. 

GRAY  DYE.  {Teinture  grise,  Fr. ;  Graufiirbe,  Germ.)  The  gray  dyes,  in  their 
numerous  shades,  are  merely  various  lints  of  black,  in  a  more  or  less  diluted  state,  from 
the  deepest  to  the  lightest  hue. 

The  dyeing  materials  are  essentially  the  tannic  and  gallic  acid  of  galls  or  other 
astringents,  along  with  the  sulphate  or  acetate  of  iron,  and  occasionally  wine  stone. 
Ash  gray  is  given  for  30  pounds  of  woollen  stuff,  by  one  pound  of  gall-nuts,  |  lb.  of  wine 
stone  (crude  tartar),  and  2^  lbs.  of  sulphate  of  iron.  The  galls  and  the  wine  stone  being 
boiled  with  from  70  to  80  pounds  of  water,  the  stuff  is  to  be  turned  throngh  the  de- 
coction at  a  boiling  heat  for  half  an  hour,  then  taken  out,  when  the  bath  being  re> 
freshed  with  cold  water,  the  copperas  is  to  be  added,  and,  as  soon  as  it  is  dissolved,  the 
stuff  is  to  be  put  in  and  fully  dyed.  Or,  for  36  pounds  of  wool ;  2  pounds  of  Urtar, 
I  pound  of  galls,  3  pounds  of  sumach,  and  2  pounds  of  sulphate  of  iron  are  to  be 
taken.  The  tartar  being  dissolved  in  80  pounds  of  boiling  water,  the  wool  is  to  be 
turned  through  the  solution  for  half  an  hour,  and  then  taken  out.  The  copper  beiif 
filled  up  to  its  former  level  with  fresh  water,  the  decoction  of  the  gftlls  and  tniiMch  ii  !• 
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m)  iftf  «iic1  the  wogl  boikd  fcir  Imlf  tn  Nour  in  th&  biilh.   The  wool  is  lh«n  ti^eo 

vfhilr  ihf  eritipfnif  i§  ht'mg  oudded  and  di£$uKcd ;  ufter  wbicb  U  is  rcpkced  in  tb« 

lo  hive  1  j  dlow  ea«t,  instead  of  I  be  tirUTj  Us  own  weifrbl  of  iilmn  ia  to 
r  fl'l  of  Ih^  ifaiJs,  one  pounii  of  old  Ju*tic  ?  mst^nd  of  ihe  GOppemflf  {  of  a 
vitriol,  AVhich  coosists*  m  22|  p«fSiij  of  17  of  auliilmie  of  iroa,  and  5| 
I  I ;  then  i^rocecd  M  above  directed.    Or  thv-  UuUfm&y  be  tf*i  slain^ 

VI  lu^LiL.,  next  in  a  weak  h«th  of  galls  with  n  ItlUe  alum ;  ihcn  ilie  wotil  bein^ 
out,  a  liule  viirkl  (common  &r  Saltzbur^}  is  to  W  put  in,  prL^vjousIjr  disiolvei)  la 
n  of  lofTWOCHl^  and  in  llm  bath  the  dye  is  compieteEl, 

av  tn  ftfodaced  by  pas^nj^  the  slulf  finii  through  a  deeoctjon  of  turnach  and 
if2  fii«»  of  tht  former  to  one  of  the  Uiler)^  aflerwnnli  IhftMtgli  ■  dilute  aolntioo 
mip^Mte  tit  acetate  uf  iron  ;  nod  inishin^  it  in  a  weak  bath  of  wt^ld  cfntnioiii!!  a  little 
mlitm.  MoHxf^ffmy  i$  cbiained^  wlien  wilii  the  same  proportions  as  for  aafi-fra]r,  a  small 
^omitity  f '  introduced, 

Ffir  «^  I  %htii\t^%      tawny^l^ra^,  iron-fray,  and  slnte-^raf ,  Ike  ftlolT  mutt  re—' 

vttTe  a  p   '  Uie  srronnd  by  dipping  it  in  the  tadlE^o  vat;  thea  it  is  |)as»rd  first 

itolMlih  a  boilmt  bnth  i^f  mmniiih  with  g:all.%  and  b^tly  tbruuf^b  the  same  bath  at  a  lawer 
teMieraltire  nfker  it  his  received  the  proper  quantity  <if  a<}lution  of  iron. 

Wm  djehw  nik  fray,  fn^tetf  liiigwocidy  SDmaeh,  and  elder-tree  bark,  are  employed 
MMtWid  of  fftUw   Archil  and  anntitio  are  frequently  used  to  softea  and  beautiiy  tbe 

The  ttifMle  of  pri)rljiCEa|^  f^ray  dyet  upon  eottuii  has  been  saffietently  ^plabed  to  tkm 

~'  '  I  Caucu  PniNTHSrt  Hnd  Dtv-thg^ 

IK^  UVIv  i**  pn>tlueed  by  the  mixttire  of  a  blue  and  yellow  dye,  the  blue 
lirst  iipplif'd*    See  DfEitiG  ^  ai  alio  Bluk  and  Yxttdw  Dvcs,  and  Calico 

PAI^^*S,    (Cfrtdmrt  ptrtnt  Fr,  i  OfBw  ftgmenUj  Germ.)    Gieen,  wbtch  it 
WfQ.  n  f<  '  veijetnble  kinfiTdotn,  is  very  raie  in  the  mineral.    There  t&  only 

^411  I  affufds  in  its  combinnriu'n)!  the  various  shades  of  gieen  in 

1  tL«c.  1  ■  ■ .  lueXskh  capable  of  prochicinj^  this  color  are,  diromiom  in  it*  prot- 
^  aickd  in  iti  by d rated  o^yde^  as  well  m  its  sftlts,  the  si^lenintei  arKntJitei  and  sul- 
*  and  tiuinium  in  it^^  pni^Mate* 

en  piemf^nti  n^e  prf]>ati!rd  aUo  by  the  mix  litre  of  yeJlowt  msd  bltiea ;  ai^  for  ex- 
I ibe  ifrren  of  RinrnAn  nttd  of  Grl^ert,  obtained  by  the  mixtlire  of  cobaU  blue,  and 
"  line ;  that  of  IJiirlh»  made  with  yelliiw  lake,  Pm&sian  blue,  and  cky ;  btil 
t  seldom  nppf'ar  in  the  marlcet^  beeaitse  the  ^r<^ns  are  generally  exieuipc'raneous 
Ds  of  the  artiit^, 

^rtm  eonsisti  of  the  hydrate,  ^xyde,  or  cfttboatte  of  copper,  either  factltiooit 
1  in  nalure« 

Mmt^wiek  grtm  h  a  iniitiire  of  carbonate  of  copper  with  chalk  or  lime, 
i  m  little  magnesia  or  ammonia.    It  is  improved  by  an  admliLtiire  of  white 
may  be  prepared  by  addlnc^  arornoilia  to  a  jnited  tolutinn  of  aul|dtate  of  copper 

,  ,  ,  ,1  . .  j .  I ,  '  I '  ■  !  I  te  of  copper  and  sal  axn  mon  tae« 

(»er|  made  by  mixinf  a  $oltition  of  acetate  or  sttt- 
;^eopptE  !     ^sh-    ll  is  in  fact  ^cbeele^fi  ^;een, 

thv  ia»pLi>nied  jtiiee  of  buckthorn  berrie«.  These  ar«  ^lowtd  to  fer* 
ayi  in  a  tubi  then  put  in  a  preia,  addinf  a  little  altim  to  the  jaiee,  and  eoa< 
r  ^^nt}t  evapmtiol*   It  is  lastly  pat  tip  in  pigt*  bladden,  where  it 


■  ^"-r  "iivv-wrtrar, 

'  ty  of  the  mineral  ealled  ffreen  earth. 
tLc  of  iron  in  fi:reen  crT»lal«. 
ctmct  bf*\  tJuttjahmz^  Germ,)    it  a  re^in  which  etude«  fbim  the 
iafum  u^ri^akt  ^  tree  whieh  grow«  in  thv*  Writ  Indin  tiilAndji,  I| 
ot  fn  hrge  (fret- nish^browOi  aemt^tranRpitr^nt  lump^i,  I  unrhoidiil  or 

fracture,  brittle,  and  '"nsy  10  pulverixf,    1 1  hai  an  fifr  n  hitirriili, 

italic*  mHtf  with  heat,  and  haa  i  vp^c.  j^rav.  of  from  1  ;^fM.<  r..  U  cmici^tv  of 
lemrboo;  7*05  hydrogen  t  and  25-n7  oiyt^en  ;  and  contJiin^i  iwu  djflenfnt  rr%in.4,  the 
oat  of  wJilcU  i«  ftolubje  in  alt  proportions  ;n  ammonia,  and  the  other  fitrmt,  with  water 
^  MMiiinia,  A  tarry  eon^iiiiiencGd  miiiture^  It  it  ^ijliible  in  alkaline  le>i,  in  alcohol,  in- 
ia«i|l0Mtly  111  Hlier^  ntill  ho  in  oil  of  lar|>eniine,  and  not  at  all  in  fat  odi,  lia  ohiff 
aae  la  in  fnediemr. 

BOANO   in  a  nnhntance  of  a  dark  ytllow  color  |  of  a  aHQfif  anthroalal  imell  | 
blacken*  in  the  fi  rr,  wiifa  tbir  exhalation  of  an  ammoniaeal  otlarj  tolnblff  wil^ 
m  ks^i  ailrk  acid.   Wlten  thii  aolation  ii  mpoimd  M»  dnoewK  %  mwwfflprfc 
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a  iDe  red  cofar,  twiadmg  the  prewnee  of  «k  adl.  Omm  it  kmad  apon  tke  mfM 

P«ro,  ia  the  ishuidt  of  Chinclie,  near  Piteo»  ud  terciml  other  pfaees  Bore  to  the  mmiL 
It  forms  a  depotile  60  or  60  feet  thick,  and  of  eoatidenble  eztCBt ;  nd  appeus  to  hi 
the  aceiUDuletioD  of  the  exercmeBts  of  ioaiinenble  floeht  of  biidiy  especially  hcnai  mi 
flanuiMlis  which  iohahit  these  islands.  It  is  aa  exeelleat  BMunore^  aad  Ibnna  the  olgcct 
of  a  nwst  exteosi?e  and  proitahle  trade. 

GUM  (Ooaimc,  Fr. ;  Gvmim,  P/laa<catdUitiR,  Gcnn.)  is  the  aame  of  a  pranHli 
vegetaUe  product,  which  forms  with  water  a  slimj  acdatioa,  hat  is  iasoiafaie  ia  aleohai^ 
aUier,  and  oils;  it  is  eooYerted  by  strong  snlphnrie  add  into  oxalie  aad  nmeic  acids. 

There  are  six  varieties  of  gum :  1.  gam  arahie ;  2.  gvm  Senegal ;  3  gam  of  the  choir 
and  other  stone  fruit  trees :  4.  gum  tragacanth;  6.  gnm  of  Bassora  |  6.  tke  gam  of  seidi 
aad  roots.  The  first  fiye  spontaneously  flow  from  the  hranches  and  trunks  «  their  iicci, 
and  sometimes  from  the  fmits,  in  the  form  of  a  mucilage  which  dries  aad  fc^^u^  the 
air.  The  sixth  hind  is  extracted  hy  hoiling  water. 

Gum  arabic  and  gum  senega!  consist  ahnost  wholly  of  the  purest  gma  eaDed  arsMsifcy 
the  French  chemists ;  our  native  Ihiit  trees  contain  sooie  cms^nCy  nkmg  whh  valine; 
the  gum  of  Bassora  and  gum  tragacanth  consist  of  arahine  aad  haasorine. 

Gam  arabic  flows  from  the  ecacta  aroMca,  and  the  aesde  ten,  which  arov  apss  At 
banks  of  the  Nile  and  in  Arabia.  It  occurs  in  commerce  ia  the  Ibrm  of  snali  pketa, 
founded  upon  one  side  and  .holtow  upon  the  other.  It  is  transparenty  wlikoat  hkO, 
brittle^  easy  to  pulverise,  sooietimes  eok»rless»  soaietimcs  with  a  yellow  or  humsiili 
tint.  It  may  be  Ueached  by  exposure  to  the  air  and  the  sun-beams,  at  the  tcoperslBie 
of  boiling  water.  lu  specific  gravity  is  1*366.  Moistened  gum  arable  rcddeas  Kim 
paper,  owing  to  the  presence  of  a  little  supermalate  of  lime,  which  may  be  removed  If 
boiling  alcohol ;  it  shows  also  Uaces  of  the  chlorides  of  potsissinm  and  caldom,  and  the 
acetate  of  potash.  100  parU  of  good  gum  conUm  70*40  of  nmbine,  17*60  of  wslci^ 
with  a  few  per  cents,  of  saline  and  earthy  matters.  Gum  arabic  is  used  in  median^  m 
also  to  give  lustre  to  crapes  and  other  silk  stuft. 

Gum  9€negal  is  collected  by  the  negroes  during  the  month  of  November,  from  tie 
meatia  tentgaly  a  tree  18  or  20  feet  high.  It  comes  to  us  in  pieces  nboat  the  sine  of  s 
pnrtridire  ege,  but  sometimes  larger,  with  a  ho1k>w  centre.  Its  specific  gravity  is  1*436. 
It  consists  of  81*10  arabine;  16-10  water;  and  from  2  to  3  of  saline  matters.  TV 
chemical  properties  and  uses  of  this  gum  are  the  same  as  those  of  gum  nrafaic  It  ii 
much  employed  in  calico-priniing. 

Cherry-tret  gum  consists  of  52*10  arabine ;  54*90  cerasine;  12  vrater ;  and  1  taline 
matter. 

Guw  tragacanth  is  cailiered  about  the  end  of  June,  from  the  astragalus  tragacantka 
of  Ciele  nnii  the  snrroundini:  islands.  It  has  the  appearance  of  twisted  ribands;  is  while 
or  reddish;  nearly  opaque,  and  a  little  ductile.  It  is  diificult  to  pulverize,  \rithoat  heal- 
ing the  nioi  tar.  Its  specific  gravity  is  l*o84.  When  plunged  in  water,  it  dissolves  in 
part,  swells  considerably,  and  Ibrms  a  very  thick  mucilage.  100  parts  of  it  consist  of 
53*30  ainhine  ;  33'.30  bassorine  and  starch  ;  110  '^^ater;  and  from  2  to  3  parts  of  saline 
matters.   It  is  employed  in  calico  printing,  and  by  shoemakers. 

Gum  of  Bassora  ;  see  Bassorine. 

Gum  of  seeds,  as  linseed,  consists  of  52*70  arabine;  28*9  of  an  insoluble  matter;  10-3 
water;  and  7*11  saline  matter.  Neither  bassorine  nor  cerasine  seems  to  be  present  in 
seeds  and  roots.    For  Biitiih  Gam,  see  Starch. 

GUM  RESINS.  {Gomme-resines,  Fr.;  Schleimharztt  Germ.)  When  incisions  are 
made  in  the  stems,  branches,  and  roots  of  certain  plants,  a  milky  juice  exudes,  whick 
gradually  hardens  in  the  air ;  and  appears  to  be  formed  of  resin  and  essential  oil,  held 
suspended  in  water  charged  with  gum,  and  sometimes  with  other  vegetable  matten, 
such  as  caoutchouc,  bassorine,  starch,  wax,  and  seveial  saline  matters.  The  said  con- 
crete juice  is  called  a  gum-resin  ;  an  improper  name,  as  it  gives  a  false  idea  of  the  nature 
of  the  substance.  They  are  all  solid  ;  heavier  than  water;  in  general  opaque  and  brittle; 
many  have  an  acrid  taste,  and  a  strong  smell ;  their  color  is  very  variable.  They  are 
partially  soluble  in  water,  and  also  in  alcohol ;  and  the  solution  in  the  former  liqaid  sel- 
dom becomes  transparent.  Almost  all  the  gum  resins  are  medicinal  sut>stances,  and 
little  employed  in  the  arts  and  manufactures.  The  following  is  a  list  of  them :  Asa- 
foptida;  sum  anomoniac;  bdellium;  euphorbium;  galbanum;  gamboge;  myrrh;  oliba- 
num  or  frankincense ;  opoponax ;  and  scammony.  Some  of  these  are  described  in  this 
work  under  their  peculiar  names. 

GUNPOWDER.  The  following  memoir  upon  this  subject  was  published  by  me  is 
the  Journal  of  the  Royal  Institution  for  October,  1830.  It  contains  the  results  of  »• 
Tcral  careful  analytical  experiments,  as  also  of  observations  made  at  the  Royal  Gun- 
powder works  at  Waltham  Abbey,  and  at  some  similar  establishments  in  the  neighbiv- 
hood  of  London. 

GuNFowDsa  is  a  mechanical  combination  of  aitre,  snlphnr,  and  charcoal  s  doifiw 
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the  intensity  of  its  explosiveness  from  the  purity  of  its  conttitoents,  the  proportion  in 
which  they  are  mixed,  and  the  intimacy  of  the  admixture. 

1.  On  the  nitre. — Nitre  may  be  readily  purified,  by  solution  in  water  and  crystalliza- 
tion, from  the  muddy  particles  and  foreign  salts  with  which  it  is  usually  contaminated. 
In  a  saturated  aqueous  solution  of  nitre,  boiling  hot,  the  temperature  is  SMO°  F. ;  and 
the  relation  of  the  salt  to  its  solvent  is  in  weight  as  three  to  one,  by  my  experiments :  not 
five  to  one,  as  MM.  Bottee  and  Riffault  have  stated.  We  must  not,  however,  adopt  the 
general  laaguai^e  of  chemists,  and  say  that  three  parts  of  nitre  are  soluble  in  one  of  boil- 
ing water,  since  the  liquid  has  a  much  higher  heat  and  greater  solvent  power  than  this 
expression  implies. 

Water  at  60°  dissolves  only  one  fourth  of  its  weight  of  nitre;  or,  more  exactly,  this 
Mtarated  solution  contains  21  per  cent,  of  salt.  Its  specific  gravity  is  1*1415;  100  parts 
in  volume  of  the  two  constituents  occupy  now  97*91  parts.  From  these  data  we  may 
pereeive  that  little  advantage  could  be  gained  in  refining  crude  nitre,  by  making  a  boiling- 
hot  saturated  solution  of  it;  since  on  cooling,  the  whole  would  concrete  into  a  moist 
saline  mass,  consisting  by  weight  of  2f  parts  of  salt,  mixed  with  1  part  of  water,  holding 
}  of  salt  in  solution,  and  in  bulk  of  1|  of  salt,  with  about  1  of  liquid ;  for  the  specific 
gravity  of  nitre  is  2*005,  or  very  nearly  the  double  of  water.  It  is  better,  therefore,  to 
use  equal  weights  of  saltpetre  and  water  in  making  the  boiling-hot  solution.  When  the 
filtered  liquid  is  allowed  to  cool  slowly,  somewhat  less  than  three  fourths  of  the  nitre  will 
separate  in  regular  crystals ;  while  the  foreign  salts  that  were  present  will  remain  with 
fnlly  one  fourth  of  nitre  in  the  mother  liquor.  On  redissolving  these  crystals  with  heat, 
m  about  two  thirds  of  their  weight  of  water,  a  solution  will  result,  from  which  crystalline 
nitre,  fit  for  every  purpose,  will  concrete  on  cooling. 

As  the  principal  saline  impurity  of  saltpetre  is  muriate  of  soda  (a  substance  scarcely 
snore  soluble  in  hot  than  in  cold  water),  a  ready  mode  thence  arises  of  separating  that 
salt  from  the  nitre  in  mother  waters  that  contain  tBcm  in  nearly  equal  proportion. 
Place  an  iron  ladle  or  basin,  perforated  with  small  httes,  on  the  bottom  of  the  boiler  in 
which  the  solution  is  concentrating.  The  muriate,  as  it  separates  by  the  evaporation  of 
the  water,  will  fall  down  and  fill  the  basin,  and  may  be  removed  from  time  to  time. 
When  small  needles  of  nitre  begin  to  appear,  the  solution  must  be  run  off  into  the  crys- 
tallizing cooler,  in  which  moderately  pure  nitre  will  be  obtained,  to  be  refined  by  another 
similar  operation. 

At  the  Waltham  Abbey  gunpowder  works  the  nitre  is  rendered  so  pure  by  successive 
tolutions  and  crystallizations,  that  it  causes  no  opalescence  in  a  solution  of  nitrate  of 
silver.  Such  crystals  are  dried,  fused  in  an  iron  pot  at  a  temperature  of  from  500°  to 
600°  F.,  and  cast  into  moulds.    The  cakes  arc  preserved  in  casks. 

About  the  period  of  1794  and  1795,  under  the  pressure  of  the  first  wars  of  their 
revolution,  the  French  chemists  employed  by  the  government  contrived  an  expeditious, 
economical,  and  sufficiently  effective  mode  of  purifying  their  nitre.  It  must  be  observed 
that  this  salt,  as  brought  to  the  srun powder- works  in  France,  is  in  general  a  much  cruder 
article  than  that  imported  into  this  country  from  India.  It  is  extracted  from  the 
nitrous  salts  contained  in  the  laortar-rubbish  of  old  buildings,  especially  those  of  the 
lowest  and  filthiest  descriptions.  By  their  former  methods,  the  French  could  not  refine 
their  nitre  in  less  time  than  eight  or  ten  days ;  and  the  salt  was  obtained  in  great  lumps, 
▼ery  difi^cult  to  dry  and  divide  ;  whereas  the  new  process  was  so  easy  and  so  quick,  that 
in  less  than  twenty-four  hours,  at  one  period  of  pressure,  the  cnide  saltpetre  was  con- 
Tertcd  into  a  pure  salt,  brought  to  perfect  dryness,  and  in  such  a  state  of  extreme  division 
mn  to  supersede  the  operations  of  grinding  and  sifting,  whence  also  considerable  waste 
was  avoided. 

The  following  is  a  brief  outline  of  this  method,  with  certain  improvements,  as  now 
practised  in  the  establishment  of  the  ^Administration  des  poudrti  et  saltpetres,  in  France. 

The  refining  boiler  is  charged  over  night  with  600  kilogrammes  of  water,  and  1200 
kilogrammes  of  saltpetre,  as  delivered  by  the  salp^triers.  No  more  fire  is  applied  than 
is  adequate  to  effect  the  solution  of  this  first  charge  of  saltpetre.  It  may  here  be  observed, 
thai  such  an  article  contains  several  deliquescent  salts,  and  is  much  more  soluble  than 
pore  nitre.  On  the  morrow  morning  the  fire  is  increased,  and  the  boiler  is  charged  at 
different  intervals  with  fresh  doses  of  saltpetre,  till  the  whole  amounts  to  3000  kilo- 
grammes. During  these  additions,  care  is  taken  to  stir  the  liquid  very  diligently,  and  to 
skim  off  the  froth  as  it  rises.  When  it  has  been  for  some  time  in  ebullition,  and  when  it 
may  be  presumed  that  the  solution  of  the  nitrous  salts  is  effected,  the  muriate  of  soda  is 
scooped  out  from  the  bottom  of  the  boiler,  and  certain  affusions  or  inspersions  of  cokl 
water  are  made  into  the  pot,  to  quicken  the  precipitation  of  that  portion  which  the  boiling 
motion  may  have  kept  afloat.  "When  no  more  is  found  to  fall,  one  kilogramme  of  Flanders 
glue,  dissolved  in  a  sufficient  quantity  of  hot  water,  is  poured  into  the  boiler;  theflmiz- 
tnre  is  thoroughly  worked  together,  the  froth  being  skimmed  off,  with  several  su^^fssive 
inspernons  of  eoki  water,  till  400  additional  kilogrammes  have  been  introdue«^  cwfi- 
tating  altogether  1000  kilogrammes. 


WhW  Ike  rdblBg  Uqm  ■IMi  M  BMire  ^irod^ 
olitkMi  must  ceMe.  The  lire  is  withdrawB,  with  the  eicepikHi  of  m  mm  kiainhn, 
to  maiBtun  the  tempermtnre  till  Ike  sest  oiorBUf  «t  aboet  86^  C.  s  100-4  F. 

Thb  liquor  ii  now  truuftrred  bf  heed-beMUi  ialo  the  erjelilliiiaf  leeuvoiie^  tdniv 
•ere  to  dittorb  the  eolatioB  m  little  m  poeiiUey  nd  to  leave  ■■toaelied  dw  iBpo* 
natter  at  the  bottom.  The  eoateatt  of  the  kmg  ef|etalliaiBg  ciitenui  mn  9^mi  hadt^ 
wards  and  forwarda  with  wooden  paddka,  ia  Older  lo  qaldkea  the  eooliai^  aad  Iht 
eonaeqaent  precipitation  ofthe  nitre  in  mianteciTitalB.  Theaeareralndyaaaoos  aathir 
lUl,  to  the  npper  end  of  the  donUj-inelined  bottom  of  the  eryftnlliaer»  «mI  theaea  la- 
moTcd  to  the  washing  cheats  or  boxea.  Bjr  the  ioeesaant  agitatkm  of  the  Mqwr,  no  luyt 
cfys^  ^  nitre  can  poastUy  Ibrm.  When  the  temperatnne  has  fldlea  to  within  7*  «r  flP 
of  the  apartroeat,  that  is,  after  aeren  or  eisht  hmuai  all  the  aal^petra  that  it  am  yidi 
will  ha?e  beea  obtained.  B j  means  of  the  doable  mwM  sbpe  given  to  the  eiyalalliiw» 
the  snpenataat  liquid  is  eoUeeted  in  the  middle  of  die  bmdth^  and  may  be  evir  Ms! 

The  saltpetre  is  shovelled  ont  of  the  enrataBiier  into  the  waahhif  eheaU,  aai  hasfsi 
mm  ia  them  so  as  to  stand  aboot  six  or  seven  inches  nbove  their  npper  cdgeai  m  nrier  Is 
alkm  for  the  snbsidence  which  it  mnstcsperiener  in  the  washing  praeesa.  Each  of  that 
chests  being  thus  filled,  aad  their  bottoas  holea  beiag  dooed  wtth  phwh  the  sail  is  hs- 
■priakled  from  the  roae  of  a  watering-cnay  vrfth  sncctarive  qnaatities  of  water  sataisiai 
wfdi  aaUpetre,  and  also  with  pore  water,  till  &  Uqaor,  when  aUowed  la  raa  o4  iadisM 
if  the  bydnNneter,  a  satnrated  solatioa.  The  water  of  each  spriaklin|r  owght  la  raasii 
aa  the  salt  for  two  qr  three  hoars;  aad  then  k  amy  be  saflM  to  dram  aff  Ihramh  the 
fing-holes  below,  for  abont  an  boor. 

All  the  liqoor  of  drainage  from  the  first  watering,  ns  wall  at  a  portioa  of  tha  lesoni, 
Is  set  aside,  as  beiag  considefably  hmded  with  the  ftrein  oaltsof  the  aitie^  ia  oidcr  Is 
he  evaporated  ia  the  sequel  with  the  mother  wateia.  The  last  portioae  are  praaerve^ 
heeanse  they  coatain  almost  nolhlqg  bat  aitre^  aad  Bsay  tberelbce  aerre  to  waah  aaslhs 
dose  of  that  salt.  It  has  been  proved  by  experience,  that  the  qnaatity  of  waiar  cmphiyel 
ia  washing  need  never  exceed  thirty.«ix  sprinklings  in  the  whole,  eoinpoaad  of  thnt 
waterings,  of  which  the  first  two  consist  of  fifteen,  aad  the  kst  of  six  poCa  s  3  gaUoaa 
or  in  other  words,  of  fifteen  sprinklings  of  wnter  sataratad  widi  saltpetre  and  tweal^ 
one  of  pure  water. 

The  saltpetre,  after  remaining  five  or  six  days  in  the  washiag  chests,  ia  tianapeited  inl» 

the  dryinc  rMervoirs,  healed  by  the  floe  of  the  nearest  boiler;  here  il  is  stirred  ap  froa 
time  to  lime  wiih  wooden  shovels,  to  prevent  its  adhering  to  the  bottom,  or  running  int© 
lump*,  as  well  as  lo  quicken  the  dry  in?  process.  In  the  course  of  about  four  hours,  it 
gets  completely  dry,  in  which  slate  it  no  longer  sticks  lo  the  shovel,  but  falls  down  into  t 
soft  powder  by  pressure  in  the  hand,  and  is  perfectly  white  and  pulverulent.  It  is  now 
passed  through  a  brass  sieve,  to  separate  any  small  lumps  or  foreign  particles  accidentally 
present,  and  is  then  packed  up  in  bags  or  barrels.  Even  in  the  shortest  winter  days,  the 
drying  basin  may  be  twice  charsred,  so  as  to  dry  700  or  800  kilogrammes.  By  this  ope- 
ration, the  nett  produce  of  3000  kilogrammes  (3  tone)  thus  refioed,  amounts  lo  from 
1750  to  1800  kilf^rammes  of  very  pure  nitre,  quite  ready  for  the  manafaeture  of  gaa- 
powder. 

The  mother  waters  arc  next  concentrated ;  but  into  their  management  it  ia  needless  Vo 
enter  in  this  memoir. 

On  reviewing  the  above  process  as  practised  at  present,  it  is  obvious  that,  to  meet  the 
revolutionary  crisis,  iis  conductors  must  have  shortened  it  greatly,  and  have  been  contest 
with  a  brief  period  of  drainage. 

2.  On  the  sulphur. — The  sulphur  now  imported  into  this  country,  from  the  volcaaic 
districts  of  Sicily  and  Italy,  for  our  manufactories  of  sulphuric  acid,  is  much  purer  thiB 
the  sulphur  obtained  by  artificial  heat  from  any  varieties  of  pyrites,  and  may,  therefore, 
by  simple  processes,  be  rendered  a  fit  constituent  of  the  best  gunpowder.  As  it  is  not 
my  purpose  here  to  repeat  what  may  be  found  in  common  chemical  compilations,  I  shall 
say  nothing  of  the  sublimation  of  sulphur;  a  process,  moreover,  much  too  wasteful  for 
the  gunpowder-maker. 

Sulphur  may  be  most  easily  analyzed,  even  by  the  manufacturer  himself ;  for  I  find  it 
to  be  soluble  in  one  tenth  of  its  weight  of  boiling  oil  of  turpentine,  at  316"  Fahrenheit, 
forming  a  solution  which  remains  clear  at  180^.  As  it  cools  to  the  atmospheric  tempers* 
lure,  beautiful  crystalline  needles  form,  which  may  be  washed  sufficiently  with  cold  alco- 
hol, or  even  tepid  water.  The  usual  impurities  of  the  sulphur,  which  are  carbonate  sad 
sulphate  of  sine,  oxyde  and  sulphuret  of  iron,  sniphnret  of  arsenic  and  silica,  will  renais 
naafiected  by  the  volatile  oil,  and  may  be  separately  diminated  by  the  curioas,  thoigh 
sach  separation  is  of  little  practical  importance. 

Two  modes  of  refining  sulphur  for  the  gunpowder  works  have  beea  employed ;  thi 
fiiat  is  by  fusion,  the  seeoad  1^  distiUatioi.    Siaet  the  eombnuible  aelid  becoBMi  • 
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nv  wmtfT,  fet  the  tma^tmlmt  uf  About         Folirenbejt*  m         mode  ofTers  of 

vinjr  At  onc£'      dcoif'r  Ajitl  li^I^iter  impurittes,  by  ^ubsidrnee  and  nkimmmir.  But 
(nkp  lilt  Itbt  ru      ob^fviiig,  lh«t  Ihe  Freni:h  mellinp  poU  as  iJr»eribrd  in  the 
ite  tvork  ot^  MM.  Botiee  «ud  Rilliiull,  is  sinfultrljr  ill-eon triv(^df  for  I  be  lifv  w 
^  ru;^l  uiiilrf  it,  Jiutl  plftyi  on  its  boitoi]^    Now  «  pot  for  $ub«id^nee  oiti^ht  to  be 
't  i  ili«t      iibuulci  bmvf;  its  bfiUom  p^ft  tii]1>friided  in  d«y  or  mottvr  for  Tour  or  m 
»  up  ihe         jtnil  bi?  eKpuscd  to  iJie  ctreulntin^  flame  of  the  fire  cm  If  foil  nd  lit 
'  Xoae,    Tiwa  ai mniKenMnit  is  »d«|iled  in  many  of  oui  ffieut  cbemica]  works,  and 
nd  (o  be  vtry  advantafCfrctu!!.    Wiih  sucb  a  boiler,  judLeiunsly  healed,  I  believe 
crude  sulphur  mi^ht  be  made  remarkablf  ptirc ;  wbereis  bjr  direetiii^  liie  heat 
ifpifist  Ihe  biiUum  oT  ibe  vessel,  Ibe  crudities  are  tossed  up,  and  ineoriKirated  witb  Uie 

Q1B#S,     hfV:  HVAIVRATIOM. 

TJie  Mut^ijiir  tjf  comineree  occurs  in  three  prerailinft^  colors;  lemon  yeUow  ver|[iit|  <M 
frf*e*«*(t>  <l«rit  yellow,  and  brown  yellow.  As  these  didf renE  shides  re»uU  from  the  differ- 
rat  d forces  uf  hf«i  lo  whieb  it  ha?  been  exposed  In  its  ciriginnl  ejitraetiDn  on  the  ^rea^t 
tealj',  w«  truiy  tlwTeby  jud^e  lo  what  point  it  mny  still  be  heated  anrw  in  Ihc  feflnerf 
l&eltinfiC'  ^Vlisiever  be  the  actual  shade  of  the  crude  arti^le^  the  mil  of  the  rciioer  eim> 
§htM  in  rrtfuUimEt  (he  heat,  «o  that  afler  the  opermtbft  It  toAf  possess  a  brUhaet  yellow 
Itttr,  inclining  foiriewbat  to  f^reen. 

la  »rekin)(  to  aecomrdUh  Um  parpose,  the  sulphur  should  iinl  be  sorted  aeeoriiiag  to 
ilk  ahafte* :  and  if  n  rrrmiih  variety  is  lo  b«  puriJied,  iince  thia  kmd  bm  been  but  liilie 

Kl'  '  'lif  r*i*ton  may  be  ur«ed  pretty  s manly,  m  the  Hre  may  be  Itept 

1'  1  but  the  uppermost  iayer. 

»!  ;i  ....    rljtiw  tinge  eannot  beor  so  ereat  a  heat,  am)  iherefore  the  fire 

cm-  iwn  whro<^ver  three  foufth?*  of  the  whule  mass  buve  Iseen  melted, 

I''  bi  imttofief  haviiii;  been  already  (omewhal  »corcheJ,  thrmid  be  healed 

aj  UiUc  a^  p<issible,  and  ihe  fi/e  may  be  temoved  as  »on  as  one  half  cd'  the  mass  it 

'   '    ■         iejjarately,  ■nlpbura  ofdiffereni  fhades,  we  ihall  obtain  a  better  re* 
aul  V  ihe  {fot  to  half  its  capacity,  wiih  the  green  i^ih  colored  ■rtiele.  putting 

*if**f  s  ■      ^   i[warter  vol  rime  of  the  deep  yellow,  and  tilling  it  to  ihe  brim  with 

the  hrown  eu hired.  The  fire  ttm*>l  he  extmEtuifihed  iixin  sf  the  yellow  ta  fused.  The 
IKM  mtifct  then  be  doftely  covered  for  some  limej  otter  wjiirh  the  tijfhtcr  impnritie*  will  be 
found  on  ihe  surlaec  in  a  black  froih,  which  is  skimmed  olf^  and  I  lie  hcaifier  ones  sink 
to  ihc  hotUim.  The  sulphur  itielf  tntisl  be  left  iti  the  p^U  for  trn  or  twelve  hourf,  after 
whieh  It  in  lAflrfl  out  inio  the  erj-«tanijtnif  boxes  or  cii»ks. 

Di*tillatioH  atfori:!*  n  more  coinplete  and  very  eeonomicsl  mesns  of  purifying  PulphBfj 
vbieh  grit  intfoduced  iato  the  French  gunpowder  eitablishmenlST  when  their 
•fnp<»na|ir»n  of  the  t>e!^t  Italmn  and  Sieilian  sulphur  wai  obstrueted  by  tbe  British 
asvy.  Here  the  sulphur  need  not  come  over  slowly  in  a  rare  Vipor,  and  be  defsostted 
in  a  pill veru lent  form  eoUed  Aowers ;  for  the  only  ohi(?el  of  the  refiner  in  lo  brins?  ow 
Ibe  whdieof  the  pure  «utphur  into  hit  conden^iitif  chamber,  ind  to  leave  all  its  crudities 
m  1^  hadf  of  the  sidL  Henee  a  slroni;  fire  is  applied  lo  einrate  a  denser  ibbsb  of 
Hyaff^  ^  a  yeUuwish  cotor,  which  pafsini;  over  tnto  ihe  eondenier,  are  dep<»tited  In 
a  Iii^t4  Mile  OQ  iu  bottom,  whiUt  only  a  few  lic^htrr  puriicles  Mltneh  theiiuelTe^  to  Ihe 
r  mni  latfiraJ  sarfitces.  The  refiner  must  Iherefon?  if  jve  lo  the  heiil  in  ihis  opera- 
mery  eibniiderable  iateniity  i  and,  at  Rome  hei#rht  above  the  cd^e  nf  ibe  boUer^  he 
«hofiid  provide  an  tnelined  plane,  which  may  let  the  flnl  ebujlitlon  of  Ihe  »ulphiir  ovi^- 
ttuw  ioto  a  safely  recipient.  The  eondcnsinf  chamber  should  be  hot  enough  to  m*ia- 
taia  the  dislill<.'d  siilplmr  in  a  fluid  utat*— an  object  most  readily  prwured  by  Iradinf 
prp^  of  several  dislitlinK  pots  *nto  it ;  while  the  eontiniitty  of  the  operatinn^  i*  ^e- 
eafr'*,  ^'V  u^'in^  toeh  of  Ihe  slilb  alternately,  or  in  iucees«ion.  The  heat  of  Ihe  re- 
cierer  to  bigli  as  In  briuf  Ihe  sulphur  to  a  sirupy  eon$Lilence,  wherebf  Hi 

ir-d. 

)  lite  ».ul)litTiatJon  of  sulphur,  a  poi  containing  abool  4  ewip,  ean  be  worked  ofi  only 
\  in  iWt'tn>-Knir  howrt,  from  the  requt»ile  moderation  of  its  lemperaiure,  and  the  pre- 
lim cif  An  inelined  plane,  whicli  restores  to  il  the  accidental  ebullitions,    Biit,  by  dis- 
tlic*ii,a  |M*t  eoniatnine  fully  trw  cwts*  may  complete  one  prticMs  m  nine  houri  ai  nM**t| 
Va  vary  contiflenihte  savint  of  fueU    In  the  former  plan  of  procedure,  an  interval 
lApM  iMWfcn  the  successive  charges;  hut  in  the  IsMrr^  ^a  otN^^i*'"  miiti  be 
itm>m     pferent  the  appanstuifrom  fetLin^  coole^lr  i"  *ubla*ti©ll,«©reover,  wh»re 
umeUion  txf  atmospheric  air  to  the  eondenaiag  chambrr  is  lndiip«BMible,  eiplovtva 
tif  the  sulphurciuf  rapcirt  frequeatly  oceur^  with  a  copious  pciidiWtliMi  of  inl- 
I  ^iiiiMis  icid,  and  corrcapondeiii  watte  of  the  sulphur  i  dlsadTaiiiascs  fkm  rnkk^h  Ibe  dm 
ylklorf  pcveesa  is  m  a  f^reat  measure  eiempt. 

I  shall  hcrv  de«erlbe  briefly  the  form  and  dimensioa*  iif  the  distilltnf  apparatQ* 


caplajed  al  Marseilles  in  purifying  sulphuf  for  the  nationftl  guntiowdcr  works^v^kk 
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wu  fonnd  adequate  to  supply  the  wants  of  Napoleon's  great  empire.  This  appantoi 
consists  of  only  two  siilUpots  of  cast  iron,  formed  like  the  large  end  of  an  egc,  eick 
about  three  feet  in  diameter,  two  feet  deep,  and  nearly  half  an  inch  thick  at  the  bottoai, 
bat  much  thinner  above,  with  a  horizontal  ledge  fonr  inches  broad.  A  pot  of  cood 
cast  iroB  is  capable  of  distilling  1000  tons^^f  sulphur  before  it  is  rendered  aRserriecaMe, 
by  the  action  of  the  brimstone  on  its  substance,  aided  by  a  strong  red  best.  The  pot  h 
covered  in  with  a  sloping  roof  of  masonry,  the  upper  end  of  which  abots  on  the  brickwork 
of  the  vaulted  dome  of  condensation.  A  large  door  is  formed  in  the  masonry  in  froaf 
of  the  mouth  of  the  pot,  through  which  it  is  chanted  and  cleared  out ;  and  betweea  Ike 
roof-space  over  the  pot,  and  the  caviiy  of  the  vault,  a  large  passase  is  opened.  At  tbe 
back  of  the  pot  a  stone  step  is  raised  to  prevent  the  sulphur  boiling  over  into  theeoi- 
denser.  The  vault  is  about  ten  feet  wide  within,  and  fourteen  feet  from  the  bottom  opto 
the  middle  of  the  dome,  which  is  perforated,  and  carries  a  chimney  aboat  twelve  feet  higk, 
and  twelve  feet  diameter  inside. 

As  the  dome  is  exposed  to  the  expansive  force  of  a  strong  heat,  and  to  a  very  coi> 
siderable  pressure  of  gases  and  vapors,  it  must  possess  great  aolidttr,  and  be  therefore 
bound  with  iron  straps.  Between  the  still  and  the  contiguous  wall  of  the  coodcBniig 
chamber,  a  space  must  be  leA  for  the  circulation  of  air ;  a  precaution  found  hy  experienee 
indispensable;  for  the  contact  of  the  furnaces  would  produce  on  the  wall  of  the  cfaaniber 
such  a  heat  as  to  make  it  crack  and  form  crevices  for  the  liquid  salphur  to  escspe. 
The  sides  of  the  chamber  are  constructed  of  solid  masonry,  forty  inches  thick,  mt- 
iBoanted  by  a  brick  dome,  covered  with  a  layer  of  stones.  The  floor  is  paved  with 
tiles,  and  the  walls  are  lined  with  them  up  to  the  springing  of  the  dome;  a  sqotFe 
bole  being  left  in  one  side,  furnished  with  a  strong  iron  door,  at  which  the  bqoid 
sulphur  is  drawn  off  at  proper  intervals.  In  the  roof  of  the  vault  are  two  valve-holes 
covered  with  light  plates  of  sheet-iron,  which  turn  freely  on  hinges  at  one  end,  so  ts 
to  give  way  readily  to  any  sudden  expansion  from  within,  and  thns  prevent  daageroas 
explosions. 

As  the  chamber  of  condensation  is  an  oblong  square,  terminating  itpwards  in  an  ohtong 
vault,  it  consists  of  a  parallelopiped  below,  and  semi-cylinder  above,  having  the  follow- 
ing dimensions : — 


Whenever  the  workman  has  introduced  into  each  pot  its  charge  of  ten  or  twelve  lioi- 
dreU  weiijhl  of  crude  sulphur,  he  closes  the  charging  doors  carefully  with  their  iron  plates 
and  cross-bars,  and  lutes  them  tight  with  loam.  He  then  kindles  his  fire,  and  makes  the 
sulphur  btiil.  One  of  his  first  duties  (and  the  least  neglect  in  its  discharge  may  occasioa 
serious  accidents)  is  to  inspect  the  roof-valves  and  to  clean  them,  so  that  they  may  play 
freely  anil  cive  way  to  any  expulsive  force  from  within.  By  means  of  a  cord  ami  chain, 
connected  wilh  a  crank  attached  to  the  valves,  he  can,  from  lime  to  time,  ascertain  their 
state,  without  mountinc  on  the  roof.  It  is  found  proper  to  work  one  of  the  pots  a  certain 
time  before  fire  is  applied  to  the  other.  The  more  steadily  vapors  of  sulphur  are  seen  to 
issue  from  the  valves,  the  less  atmospherical  air  can  exist  in  the  chamber,  and  therefore 
the  less  dancer  there  is  of  combustion.  But  if  the  air  be  cold,  with  a  sharp  north  wind, 
and  if  no  vapors  be  escaping,  the  operator  should  stand  on  his  guard,  for  in  such  circom- 
stances  a  serious  explosion  may  ensue. 

As  s<K)n  as  both  the  boilers  are  in  full  work  the  air  is  expelled,  the  fumes  cease,  and 
everj-  hazard  is  at  an  end.  He  should  bend  his  whole  attention  to  the  cutting  off  all  com- 
munication with  the  atmosphere,  secuiing  simply  the  mobility  of  the  valves,  and  a  steady 
vigor  of  distillation.  The  conclusion  of  the  process  is  ascertained  by  introducins:  his 
sounding-rod  into  the  pot,  through  a  small  orifice  made  for  its  passage  in  the  wall.  A 
new  charge  must  then  be  given. 

By  the  above  process,  well  conducted,  sulphurs  are  brought  to  the  most  perfect  stale 
of  purity  that  the  arts  can  require;  while  not  above  four  parts  in  the  hundred  of  the  sul- 
phur itself  are  consumed;  the  crude,  incombustible  residuum  varying  from  five  to  eight 
parts,  according  to  the  nature  of  the  raw  material.  But  in  the  sublimation  of  sulphur,  tbe 
frequent  combustions  inseparable  from  this  operation  carry  the  loss  of  weight  in  flowers  to 
about  Iwenly  \>er  cent.    See  Sulphur,  for  a  figure  of  the  subliming  apparatus. 

The  process  by  fusion,  performed  at  some  of  the  public  works  in  this  country,  does 
not  afford  a  return  at  all  comparable  with  that  of  the  above  French  process,  though  a 
much  better  article  is  operated  upon  in  England.  AAer  two  meltings  of  rough  sul- 
phur (as  imported  from  Sicily  or  Italy),  eighty-four  per  cent,  is  the  maximum  amonot 


Length  of  the  parallelopiped 


I6|  feet. 


Width 
Height 

Radius  of  the  cylinder 


Height  or  length  of  semi-cylinder 
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obtained,  the  average  being  probably  under  eighty ;  wliile  the  prodaet  is  certainly  inferior 
im  quality  to  that  by  distillation. 

3.  On  /Ac  charcoal, — Tender  and  light  woods,  capable  of  affording  a  friable  and  porous 
charcoal,  which  burns  rapidly  away,  leaving  the  smallest  residnum  of  a»hes,  and  con- 
taining therefore  the  largest  proportion  of  carbon,  ought  to  be  preferred  for  charring  in 
faapowder  works. 

AAer  many  trials  made  long  &go,  black  dogwood  came  to  be  preferred  to  every  plant 
lor  this  purpose;  but  modern  experiments  have  proved  that  many  other  woods  afford  an 
equally  suitable  charcoal.  The  woods  of  black  alder,  poplar,  lime-tree,  horse-chestnut, 
and  chestnut-tree,  were  carbonized  in  exactly  similar  circumstances,  and  a  similar  gun- 
powder was  made  with  each,  which  was  proved  by  the  same  proof-mortar.  The  foUow- 
iag  resnlu  were  obtained : — 


Toiaet. 

Fe«t. 

Poplar — mean  range 

113 

2 

Black  alder  ..... 

110 

4 

lime  ..... 

110 

3 

Horse-chestnut  .... 

no 

3 

Chestnut-tree  .... 

109 

By  subsequent  experiments,  confirmatory  of  the  above,  it  has  been  further  found  that 
the  willow  presents  the  same  advantages  as  the  poplar,  and  that  several  shrubs,  such  at 
the  hazel-nut,  the  spindle-treee,  the  docberry,  the  elder-tree,  the  common  sallow,  and 
aome  others,  may  be  as  advantaeeously  employed.  But  whichever  wood  be  used,  we 
should  always  cut  it  when  full  of  sap,  and  never  after  it  is  dead;  we  should  choose 
branches  not  more  than  five  or  six  years  old,  and  strip  them  carefully,  because  the  old 
branches  and  ihe  bark  contain  a  larser  proportion  of  earthy  constiiucnts.  The  branches 
ouffht  not  to  exceed  three  quarters  of  an  inch  in  thickness,  and  the  lari^er  ones  should  be 
divided  lenethwise  into  four,  so  that  their  pith  may  be  readily  burned  away. 

Wo()d  is  commonly  carbonized  in  this  country  Into  guufiowder-charcoal  in  cast-iroa 
cylinders,  with  their  axes  laid  horizontally,  and  built  in  brick-work,  so  that  the  flame  of 
a  furnace  may  circulate  round  them.  One  end  of  the  cylinder  i^  furnished  with  a  door, 
for  the  introtluction  of  the  wood  and  the  removal  of  the  charcoal ;  the  other  end  termi- 
nates  in  a  pipe,  connected  with  a  worm-tub  for  condensing  the  pyroligneous  acid,  and  giv- 
ing vent  to  the  carbureted  hydrogen  eases  that  are  disengaged.  Towards  the  end  of  the 
operation,  the  connexion  of  the  cylinder  with  the  pyroligneous  acid  cistern  ought  to  be 
cut  off,  and  a  very  frfe  eeress  opened  for  the  volatile  matter,  otherwise  the  charcoal  is 
apt  to  Ret  coated  with  a  fuliginous  varnish,  and  to  be  even  penetrated  with  condensable 
natter,  which  materially  injure  its  qualities. 

In  France,  the  wood  is  carbonized  for  the  ffunpowder  works  either  in  oblong  vaulted 
ovens,  or  in  pits,  lined  with  brick-work  or  cylinders  of  strone  sheet  iron.  In  either  case, 
the  heat  is  derived  from  the  imperfect  combustion  of  the  wood  itself  to  be  charred.  In 
general,  the  product  in  charcoal  by  the  latter  method  is  from  16  to  17  parts,  by  weight, 
from  100  of  wood.  The  pit.process  is  supposed  to  afford  a  more  productive  return,  and 
a  better  article;  since  the  body  of  wood  is  much  greater,  and  the  fuliginous  vapors  are 
allowed  a  freer  escape.  The  surface  of  a  good  charcoal  should  be  smooth,  but  not  glist- 
ening.   Set*  Charcoal. 

The  charcoal  is  considered  by  the  scientific  manufacturers  to  be  the  ingredient  most 
influential,  by  its  fluctuating  qualities,  upon  the  composition  of  eunpowder;  and, 
thereft're,  it  oucht  always  to  be  prepared  under  the  vigilant  and  skilful  eye  of  this 
director  of  the  iwwder  establishment.  If  it  has  been  kept  for  some  time,  or  quenched 
nt  firai  with  water,  it  is  unsuitable  for  the  present  purpose.  Charcoal  extinguished  in  a 
close  vessel  by  exclusion  of  air,  and  aAerwards  exposed  to  the  atmosphere,  absorbs  only 
from  three  to  fnur  per  cent,  of  moisture,  while  red-hot  charcoal  quenched  with  water  may 
lose  by  dryine  twenty-nine  per  cent.  When  the  latter  sort  of  charcoal  is  used  for  gun- 
powder, a  deduction  of  weight  must  be  made  foj*  the  water  present.  But  charcoal  which 
has  remained  long  impregnated  with  moisture,  constitutes  a  most  detrimental  ingredient 
of  gunpowder. 

4.  On  mtxtag  ihe  CatuiUuenta  and  forming  thi  Powder. 

The  three  in2redients  thus  prepared  are  ready  for  manufacturing  into  gunpowder. 
They  are,  1.  Separately  srround  to  a  fine  powder,  which  is  passed  throueh  sortetl  silk 
nirret  or  boltinsr  machines.  2.  They  are  mixed  together  in  the  proper  proportions, 
vkieh  we  shall  aAcrwajrds  diicasi.   3.  The  composition  ii  then  teal  U>  V^^ 


mill)  whicli  pon^iT^f*  of  two  nJte-fttoisi?*  of  b,  cftleufoui  kind,  tomfjiff  hr  m^an*  of  »  bw^ 
/nnlnl  s(i;-,(  r^  in  ri  ll:>fd-ston[^  of  the  s-nme  nRUirP*;  inca^iabJF,'  i.f  t-J^< nlirif  ^pnrfe?  hj  Col- 
lUioo  VfiUi  E^relj  as  sud-Blon^  waard  do.  Vq  ihh  btd-tiont  ibr  e^citnpofcjltcm  ii  »pitiMd, 
ntf  npKeied  Willi  si  umll  « fjiMntilT  of  wmtvr  will,  I*  tiiivMtiH  wiik  ^ 
df  lie  itfiolTlnf  ttDocv,  brin^  il  into  m  proper  My  qfeidce^tet  Wf  wo  mmn  iaui  *  prty 
Mile.  Tbfe  line  of  eoniftct  of  the  rollio^  edgcnitOAe  h  coumtmntif  preccdid  bf  a  l«l 
copffr  tmper,  whieli  pf^rft  round  with  the  whe«l,  rfftikrl^  eoll^ethii  Hm  ctliuf  m% 
Mi  lirinffmc  rt  into  ih^  (rack  of  the  ^ton**.  Frfjin  50  in  Hf)  ponitfts  of  c»k^  »re  Dffaallf 
Iff  Ell  fprif*  oprr  ft  linn,  under  *«ch  in*li?.rL-np,  Whf^n  ibr  nmss  ba?^  Iwen  thorrji^bty 
lEPfsdrd  nhd  inccrrpotnted,  it  is  senl  to  thf*  i^tprninL'-hr'H^^c,  where  a  «rfi&rmte  mii}  en* 
fAfiito  Tom  the  cnkt  into  fmins  or  eoms,  ?jcrr^  ic  K  flni  (iraval  ii^  «  la«Hl  im 
iBidta,  then  hrokeo.  tdIo  Bmall  lt£in[}S;  oTier  which  (he  <^orntOf  ffWCM  m  perfgrmtdj  ty 
jibing  tkeK  iamp*  in  vieves,  on  each  of  which  it  ImM  &  ilif«  or  iMt  fakie  nf  %diimi  tUb. 
4^e  ilcTCi  ire  made  of  parehment  skiti^,  or  of  copper,  perlbratv^  witli  a  multitD^e  of 
HHuid  holn.  Sereral  wch  Bi^Tes  trc  fiit'il  in  a  frfimf.  ^v^i.  h,  i-n-i'-r  rmrhinerj,  h*J 
t&ch  a  moliofl  frtven  to  it  «s  to  tnakc  the  lignum  vihi  furiLh^  iriavc  ahOBt 

irilh  eontMtr^lile  vdoeitj-,  so  as  to  break  down  the  lumfis  ni  the  cake-,  anil  foree  itaiib- 
mme  tbmgi  the  btfles,  m  (nr«ins  of  e«rtaii)  »tcet.   These  gnnnkr  putidcft  m 
Ml4f  MfiralHl  ftvm  the  finer  duti  hjr  popa  titvts  tad  ricli. 

ne  eonifid  powte^  xoiist  wiw  be  hMoffni,  a;M  Hs  rougher  uifki  wvmmtAf  If  Mrtif 
ii  Iv  rmlfv  !a  ft  dote  retil  er  ttusk  inmtmg  npHtf  round  its  urn.  Tbft  mttl  mcvAte 
IfHi  ■  hil  ■  lliii  I  <  1 1  h  III  n^  tod  i!«  frfqiientl^  f\irni»hed  inside  with  !^^[iiLj-ir  ban  fiftralleJ  to 
ili  mil,  t»  iid  the  imliih  hj  atti  irot.. 

The  ifnifiiHiwder  If  finaUy  drii'd,  ivhirh  tx  now  done  geBendfjf  witli  t  stCftin  kctt^Of  M 
mmt  jjIrcp*  by  transmit*  in  cr  a  ciirrFii!  nf  air*  pr«v£olid^  biriM  1  ^ 
OUftM  tlifWeSj  covered  ^  ilh  ihtr  damp  grains. 


A  vrrf  exteiiflve  mHe  iif  txperteesti^  1o  deteimlne  tiNi  iirapoftim^llii'^nMnMi 

for  proi|i;]ri!n&  the  be^t  frnnpoWdet,  H'n'*  rF^nrCo^  nl  the*  Ktftonne  WmIi^ Iff' if 
Fft'ru''h  f lif/ixii^Jja  And  ftrliJk'rjsts^  in  |7'M. 
Powdery  in  the  five  fcrlloWLAf  proportions  were  prepmitt^       ^  t  ^  j 


i 

2 
3 

J  -J 

Tfl 

76 

76 

Ii 

i& 

13      rmni  irrfrir  wnitl  nf  flu  nlti 

The  result  of  more  than  two  hundred  discharges  with  the  proof-mortar  showed  that 
the  first  and  third  gunpowders  were  the  strongest ;  and  the  eommissioners  in  conse- 
quence recommended  the  adoption  of  the  third  proportions.  But  a  few  years  thereaAer 
it  was  thought  proper  to  substitute  the  first  set  of  proportions,  which  had  been  found 
equal  in  force  to  the  other,  as  they  would  have  a  better  keeping  quality,  from  containing 
a  little  more  sulphur  and  Jess  charcoal.  More  recently  still,  so  strongly  impressed  hare 
the  French  goTernment  been  with  the  high  value  of  durability  in  gunpowders,  that  they 
have  returned  to  their  ancient  dosage  of  75  nitre,  ]2|  charcoal,  and  I2|  sulphur.  Is 
this  mixtnre,  the  proportion  of  the  substance  powerfully  absorbent  of  moisture,  viz.,  the 
charcoal,  is  still  further  reduced,  and  replaced  by  the  sulphur,  or  the  conservative  ingre- 
dient. 

If  we  inquire  how  the  maximum  gaseous  volume  is  to  be  produced  from  the  chemieai 
reaction  of  the  elements  of  nitre  on  charcoal  and  sulphur,  we  shall  find  it  to  be  by  the 
generation  of  carbonic  oxyde  and  sulphurous  acid,  with  the  disengagement  of  nitrogen. 
This  will  lead  us  to  the  following  proportions  of  these  constituents. 


Fer  cent 

1  prime  eqnrvalent  of  nitre  -         -  . 

102 

7500 

1  sulphur 

16 

11-77 

3  charcoal 

J8 

13-23 

136 

100-00 
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The  nitre  contains.fiTe  primei  of  oxygen,  of  which  three,  comhinmg  with  the  three  of 
eharcoal,  will  furnish  three  of  carbonic  oxyde  gas,  while  the  remaining  two  will  conTert 
the  one  prime  of  sulphur  into  sulphurous  acid  gas.  The  single  prime  of  nitrogen  is^ 
therefore,  in  this  view,  disengaged  alone. 

The  sraseoiis  volume,  on  this  supposition,  evolved  from  136  grains  of  gunpowder,  eqoi- 
▼aleui  in  bulk  to  75|  grains  of  water,  or  to  three  tenths  of  a  cubic  inch,  will  be,  at  the 
atznospheric  temperature,  as  follows : — 


Onint. 

Cvbio  laehM. 

Carbonic  oxyde  .... 

42 

141-6 

Sulphuroas  acid  •      .      •  - 

32 

=  47-2 

14 

s  47*4 

236-2 

being  an  expansion  of  one  volume  into  787*3.  -  But  as  the  temperature  of  the  gases  at 
the  instant  of  their  combustive  formation  most  be  incandescent,  this  volume  may  be 
safely  estimated  at  three  times  the  above  amoant,  or  considerably  upwards  of  two  thou- 
sand times  the  bulk  of  the  explosive  solid. 

But  this  theoretical  account  of  the  gases  developed  does  not  well  accord  with  the 
experimental  products  usually  assign«l,  though  these  are  probably  not  altogether  exact. 
Mnch  carbonic  acid  is  said  to  be  disengaged,  a  large  quantity  of  nitrosen,  a  little  oxyde 
of  carbon,  sieam  of  water,  with  carbureted  and  ttdphureied  hydrogen.  From  experiments 
to  be  presently  detailed,  I  am  convinced  that  the  amount  of  these  latter  products  printed 
in  italics  must  be  very  inconsiderable  indeed,  and  unworthy  of  ranking  in  the  calculation ; 
for,  in  fact,  fresh  gunpowder  does  not  contain  above  one  per  cent,  of  water,  and  can 
therefore  yield  little  hydrogenated  matter.  Nor  is  the  hydrogen  in  the  carbon  of  any 
consequence. 

It  is  obvious  that  the  more  sulphur  is  present,  the  more  of  the  dense  sulphurous  acid 
will  be  generated,  and  the  less  forcibly  explosive  will  be  the  gunpowder.  This  is  suf- 
ficiently confirmed  by  the  trials  at  Essonne,  where  the  gunpowder  that  contained  12  of 
sulphur  and  12  of  charcoal  in  100  parts,  did  not  throw  the  proof-shell  so  far  as  that 
which  contained  only  9  of  sulphur  and  15  of  charcoal.  The  conservative  property 
however,  so  capital,  especially  for  the  supply  of  our  remote  colonies  and  for  humid  di- 
mates,  that  it  justifies  a  slight  sacrifice  of  strength,  which  at  any  rate  may  be  compen- 
sated by  a  small  addition  of  charge. 

Table  of  Compotitian  of  different  Gunpowdtre, 


Nitn. 

Charcoal. 

Salphor. 

Royal  Mills  at  Waltham  Abbey  ... 

75 

15 

10 

France,  national  establishment 

75 

12-5 

12-5 

French,  for  sportsmen  .... 

78 

12 

10 

United  States  of  America  .... 

65 

15 

20 

75 

12-5 

12-5 

75 

13-5 

lJ-5 

Russia  ....... 

73-78 

13-59 

12-63 

72 

17 

16 

Spain  

76-47 

10-78 

12-75 

76 

15 

9 

Switzerland  (a  round  powder)  ... 

76 

14 

10 

75 

14-4 

9-9 

Theoretical  proportions  (as  above) 

75 

13-23 

11.77 

6.  On  thi  Chmieal  Examimaium  of  (hmpowdire. 

I  have  treated  five  diflferent  samples :  1.  The  government  povrder  made  at  Waltham 
Abbey;  2.  Glass  gunpowder  made  by  John  Hal^  Dartford ;  3.  The  treble  stronc  gun- 
powder of  Charles  Lawrence  and  Son;  4.  The  Dartford  gunpowder  of  Pigou  and  Wilksj 
Ik  Superfine  treble  strong  sporting  gunpowder  of  Curtis  and  Harvey.  The  first  ii 
eoarse-i^ rained,  the  others  are  all  of  considerate  fineness.  The  specific  gravity  of  emtk 
was  taken  in  oil  of  turpentine :  that  of  the  first  and  last  three  was  exacUy  the  mn^ 
being  1-80;  that  of  the  second  was  1-793,  all  being  reduced  to  water  as  unity. 
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Tlw  ftbm  deniatf  for  ipcdM  fin^  my  be  oMited  tk  V 

76  purU  of  Bitre,  tpeeifie  grrnvHy  =  2-000 
16  parts  of  charcoal,  specific  gr.  =  MM 
10  parts  of  sulphar,  specific  gr.   =  MOO 

The  Toliiine  of  these  constitoents  is  55-6  (the  Tolomt  of  th«^  weiglit  ef  valcr 
100) ;  bf  which  if  their  weight  100  be  divided,  the  quotieBt  Is  1*80. 

The  specific  graTity  of  the  first  and  second  of  the  aboTe  powders,  incliidiBg  the  ists^ 
stictfS  of  their  grains,  after  beiag  well  shakeo  down  in  a  vial,  is  1*02.  This  is  a  cuiosi 
result,  as  the  siie  of  the  grains  is  extremely  difierent.  That  of  Pigcra  and  WtOo,  hbI- 
larly  tried,  is  only  0*99 ;  that  of  the  Battle  powder  is  1-03 ;  and  that  of  Cartis  and  Hv- 
vey  is  nearly  1*03.  Gunpowders  thos  appear  to  have  nearly  the  aane  weight  as  wstt^ 
under  an  equal  balk ;  so  that  an  imperial  gallon  will  hold  ihim  10  pooada  to  10  poanii 
and  a  half,  as  above  shown. 

The  quantities  of  water  which  100  grains  of  each  part  with  oa  a  steam  balh,sii 
absorb  when  |daced  for  24  hoars  nnder  a  moisteaed  rcdeifer  standlag  in  water,  are  si 
ibllows 

100  grains  of  Waltham  Abbey,  loae  1*1  by  ateun  heat,  gain  0*8  orer  water, 
of  Hall  -  0-5     -        -  -2-2 

Lawrence  -  •  1*0  •  -  -  1*1 
Pigoa  and  Wilks  -  0-6  -  -  -2*2 
Cartis  and  Hanrey  -  0-9     -        •  -1*7 

Thas  we  perceive  that  the  large  grained  government  powder  resists  tbe  hygwimitiit 
bfluence  better  than  the  others ;  among  which,  however,  Lawrenee*s  ranks  neaily  m 
high.   These  two  are  therefore  relatively  the  best  keeping  gnnpowders  of  the  series. 

The  process  most  commonly  practised  in  the  analysis  of  gnnpowder,  seems  to  be  tolo^ 
ably  exact.  The  nitre  is  first  separated  by  hot  distilled  water,  evaporated  and  weifhel 
A  minute  loM  of  salt  may  be  ooanted  on,  from  its  known  vofaaility  with  boiling  water. 
I  have  evaporated  always  on  a  steam  bath.  It  is  probable  that  a  small  poctkm  of  the 
lithter  and  looser  constituent  of  gnnpowder,  the  carbon,  flies  oflT  in  the  operatioas  of 
coming  and  dusting.  Hence,  analVsis  may  show  a  small  deficit  of  chareoal  below  the 
synthetic  proportions  originally  mixed.  The  residuum  of  charcoal  and  sulphur  left  oi 
th^  double  filter-paper,  beine  well  dried  by  the  heat  of  ordinary  steam,  was  estimated,  sa 
usual,  by  the  difference  of  weight  of  the  inner  and  outer  papers.  This  residuum  wu 
clpHreii  off  into  a  platina  capsule  with  a  tooth-brush,  and  digested  in  a  dilute  solntioa 
of  potash  at  a  boilins;  temperature.  Three  parts  of  potash  are  fully  sufficient  to  dis- 
solve out  one  of  sulphur.  When  the  above  solution  is  thrown  on  a  filler,  and  washed 
first  with  a  very  dilute  solution  of  potash  boiling  hot,  then  with  boiling  water,  and  after* 
wards  dried,  the  carbon  will  remain  ;  the  weight  of  which  deducted  from  that  of  the  mixed 
powder,  will  show  the  amount  of  sulphur. 

I  have  tried  many  other  modes  of  estimating  the  sulphur  in  gunpowder  more  directly, 
but  with  little  satisfaction  in  the  results.  When  a  platina  capsule,  containing  gunpowder 
8pre:)d  on  its  bottom,  is  floated  in  oil,  heated  to  400°  Fahrenheit,  a  brisk  exhalation  of 
sulphur  fumes  rises,  but,  at  the  end  of  several  hours,  the  loss  does  not  amount  to  more 
than  one  half  of  the  sulphur  present. 

The  mixed  residuum  of  charcoal  and  sulphur  digested  in  hot  oil  of  turpentine  gives 
up  the  sulphur  readily;  but  to  separate  asain  the  last  portions  of  the  oil  from  the  char- 
coal or  sulphur,  requires  the  aid  of  alcohol. 

When  gunpowder  is  digested  with  chlorate  of  potash  and  dilute  muriatic  acid,  at  a  mod- 
erate hcRt  in  a  retort,  the  sulphur  is  acidified ;  but  this  process  is  disagreeable  and  slow, 
and  consumes  much  chlorate.  The  resulting  sulphuric  acid  being  tested  by  nitrate  of 
baryta,  indicates  of  course  the  quantity  of  sulphur  in  the  gunpowder.  A  curious  fact 
occurred  to  me  in  this  experiment.  After  the  sulphur  and  charcoal  of  the  gunpowder 
had  been  quite  acidified,  I  poured  some  solution  of  the  baryta  salt  into  the  mixture,  but 
no  cloud  of  sulphate  ensued.  On  evaporating  to  dryness,  however,  and  redissolring,  the 
nitrate  of  baryta  became  eflfective,  and  enabled  me  to  estimate  the  sulphuric  acid  gene- 
rated; which  was  of  course  10  for  every  4  of  the  sulphur. 

The  acidification  of  the  sulphur  by  nitric  or  nitro-muriatic  acid  is  likewise  a  slow  and 
unpleasant  operation. 

By  digesting  gunpowder  with  potash  water,  so  as  to  convert  its  sulphur  into  a  sulphn- 
ret,  mixing  this  with  nitre  in  great  excess,  drying  and  igniting,  I  had  hoped  to  convert 
the  sulphur  readily  into  sulphuric  acid.  But  on  treating  the  fused  mass  with  dilute 
nitric  acid,  more  or  less  sulphurous  acid  was  exhaled.  This  occuired  even  though 
dUorate  of  potash  had  been  mixed  with  the  nitre  to  aid  the  oxygenaUon. 
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The  following  are  the  resnitt  of  my  aotayses,  conducted  by  the  first  deseribed 
method  : 


100  grains  afford,  of 

Nitre. 

Chsrcoftl. 

Sulphur. 

Water. 

Wallham  Abbey   -  - 

74-5 

14*4 

10-0 

M 

Hal],  Dartford  -   -  - 

76-2 

140 

9-0 

0*5  loss  0*3 

Pigou  and  Wilks  -  - 

77-4 

13-5 

8-5 

0-6 

Curtis  and  Harvey  - 

76-7 

12-5 

90 

M  loss  0-7 

Battle  frun  powder 

77-0 

13-5 

8-0 

0-8  loss  0*7 

It  in  probable,  for  reasons  already  assigned,  that  the  proportions  mixed  by  the  manu- 
facturers may  differ  slightly  from  the  above. 

The  English  sporting  gunpowders  have  long  been  an  object  of  desire  and  emulation  in 
France.  Their  great  superiority  for  fowling  pieces  over  the  product  of  the  French  national 
iDanufactories,  is  indisputable.  Unwilling  to  ascribe  this  superiority  to  any  genuine  cause, 
M.  Vergnaud,  captain  of  French  artillery,  in  a  little  work  on  fulminating  powders  lately 
published,  asserts  |K)siiively,  that  the  English  manufacturers  of  '  poudre  de  chasse*  are 
guilty  of  the  '  charlatanisme'  of  mixing  fulminating  mercury  with  it.  To  determine  what 
truth  was  in  this  allegation,  with  regard  at  least  to  the  above  five  celebrated  gunpowders, 
I  made  the  following  experiments. 

One  grain  of  fulminating  mercury,  in  crystalline  particles,  was  mixed  in  water  with 
200  grains  of  the  Wallham  Abbey  gunpowder,  and  the  mixture  was  digested  over  a 
lamp  with  a  very  little  muriatic  acid.  The  filtered  liquid  gave  manifest  indications  of 
the  corrosive  sublimate,  into  which  fulminating  mercury  is  instantly  convertible  by  mu- 
riatic acid ;  for  copper  was  quicksilvered  by  it ;  potash  caused  a  white  cloud  in  it  that 
became  yellow,  and  sulphureted  hydrogen  gas  separated  a  dirty  yellow  white  precipi- 
tate of  bisulphuret  of  mercury.  When  the  Wallham  Abbey  powder  was  treated  alone 
with  dilute  muriatic  acid,  no  efifect  whatever  was  produced  upon  the  filtered  liquid  by  the 
sulphureted  hydrogen  gas. 

200  grains  of  each  of  the  above  sporting  gunpowders  were  treated  precisely  in  the 
same  way,  but  no  trace  of  mercury  was  obtained  by  the  severest  tests.  Since  by  this 
process  there  is  no  doubt  but  one  10,000th  part  of  fulminating  mercury  could  be  de- 
tected, we  may  conclude  that  Captain  Vergnaud's  charge  is  groundless.  The  superiority 
of  our  sporting  gunpowders  is  due  to  the  same  cause  as  the  superiority  of  our  cotton 
fabrics — the  care  of  our  manufacturers  in  selecting  the  best  materials,  and  their  skil)  in 
combining  them. 

I  shall  subjoin  here  some  miscellaneous  observations  upon  gunpowder. 

In  Bencal,  mixing  is  performed  by  shutting  up  the  ingredients  in  barrels,  which  are 
turned  either  by  hand  or  machinery ;  each  containing  50  lbs.  weight,  or  more,  of  small 
brass  balls.  They  have  ledges  on  the  inside,  which  occasion  the  balls  and  composition 
to  tumble  about  and  mingle  together,  so  that  the  intermixture  of  the  ingredients,  aAer 
the  process  has  been  srone  throusrh,  cannot  fail  to  be  complete.  The  operation  is  con- 
tinued two  or  three  hours;  and  I  think  it  would  be  an  improvement  in  Her  Majesty's 
system  of  manufacture  if  this  method  of  mixing  were  adopted. 

In  Ent^land  two  or  three  pints  of  water  are  used  for  a  42  lb.  charge :  but  the  quantity 
is  variable ;  both  the  temperature  and  the  humidity  of  the  atmosphere  influence  it. 

Bramah's  hydrostatic  press,  or  a  very  strong  wooden  press  working  with  a  powerful 
screw,  lever,  and  windlass,  constitutes  the  description  of  mechanism  by  which  density  is 
imparted  to  gunpowder.  The  incorporated  or  mill-cake  powder  is  laid  on  the  bed  or 
follower  of  the  press,  and  separated,  at  equal  distances,  by  sheets  of  copper,  so  that  when 
the  operation  is  over,  it  comes  out  in  large  thin  solid  cakes,  or  strata,  disfinguished  by 
the  term  press-cake.  The  mill-cake  powder  at  Waltham  Abbey,  is  submitted  to  a  mean 
theoretic  pressure  of  70  to  75  tons  per  superficial  foot. 

Gunpowder  should  be  thoroughly  dried,  but  not  by  too  high  a  degree  of  heat ;  that 
of  140°  or  150°  of  Fahrenheit's  thermometer  is  sufilcient.  It  appears  to  be  of  no  conse- 
quence whether  it  be  dried  by  solar  heat,  by  radiation  from  red-hot  iron,  as  in  the  gloom 
stove,  or  by  a  temperature  raised  by  means  of  steam.  Her  Majesty's  gunpowder  is  dried 
by  the  last  two  methods.  The  grain  should  not  be  suddenly  exposed  to  the  highest  degree 
of  heat,  but  gradually. 

The  method  of  trial  best  adapted  to  show  the  real  inherent  strength  and  goodness  of 
gunpowder,  appears  to  be  an  eight  or  ten  inch  iron  or  brass  mortar,  with  a  truly  spherical 
solid  shot,  having  not  more  than  one  tenth  of  an  inch  windage,  and  fired  with  a  low 
charge.  The  eicht-inch  mortar,  fired  with  two  ounces  of  powder,  is  one  of  the  established 
methods  of  proof  at  Her  Majesty's  works.  Gunpowders  that  range  equally  in  this  mode 
of  trial,  may  be  depended  on  as  being  equally  strong. 

Another  proof  is  by  four  drachms  of  powder  laid  in  a  small  neat  heap,  on  a  clean,  poUahed 
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be  &arp  and  qaick ;  not  Uurdy,  nor  lingering ;  it  slionld  prodnee  ft  ftadden  coiic— m 
the  nir ;  and  the  foree  and  power  of  that  concunioo  ought  to  be  judged  of  bj  eoapvim 
with  that  produeed  by  powder  of  known  good  quality.  No  tparics  tbovldfiy  oir»  MrthaMli 
beads,  or  globules  of  alkaline  residnom*  be  kft  on  the  eopper.  If  the  eoppcr  be  kft 
dean,  L  e.  witboot  gross  foulness,  and  no  lights,  I.  e.  sparks,  be  wtem^  the  ingiwlifiii 
may  be  eoosidered  to  have  been  carefully  preiiared,  and  the  powder  to  hacve  bees  wdi 
manipulated,  particularly  if  pressed  and  gkiked ;  but  if  the  eontrarr  be  the  retnlBy  thoe 
hat  been  a  want  of  skill  or  of  earefblnets  manifested  in  the  maaufiictiire. 

Oanpowder,'*  says  Captain  Bishop,  ^  ezpkMies  exactly  at  the  etXT  of  Imt  by  M- 
renheit's  thermometer;  when  gunpowder  is  exposed  to  500^  it  altera  its  naUue  aha|»> 
ther ;  not  only  the  whole  of  the  moisture  is  driTen  off,  but  the  saltpetre  mad  tftlphur  sm 
•etnally  reduced  to  fusion,  both  of  which  Uqneiy  under  the  above  degree.  The  powte, 
cm  cooling,  is  found  to  have  changed  iu  eolor  from  a  gray  to  a  deep  bladt  $  the  gnk  hm 
become  extremely  indurated,  and  by  exposure  e?en  to  Tery  moist  ftlr,  U  tlieii  enftn  m 
alteration  by  imbibing  moisture." 
The  mill  for  grinding  the  gunpowder  cake  May  be  nnderstood  fium  tlM  AAoviig 
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representation  (  fig.  531) ;  p,  is  the  water  wheel,  which  may  drive  several  pairs  of  stones ; 
q,  two  vertical  bevel  wheels,  fixed  upon  the  axis  of  the  great  wheel ;  r,  two  horizootal 
bevel  wheels  working  in  q,q,  and  turning  the  shafts*,  «;  /,  /,  two  horizontal  spur  wheels 
fixed  to  the  upper  part  of  the  vertical  shafts,  and  driving  the  large  wheels  a,  «.  To 
the  shafts  of  these  latter  wheels  are  fixed  the  runners  v,  r,  which  traverse  upon  the  bed 
stone  10,  w }  Xy  x,  are  the  curbs  surrounding  the  bed  stone  to  prevent  the  powder  from 
fklling  off;  0  is  the  scraper.  Mill  a  represents  a  view,  and  mill  b  a  section  of  the  bed 
stone  and  curb. 

GYPSUM,  Sulphate  of  /ime,  Jlabaatery  or  ParU  PUuter,  This  substance  is  found  ia 
three  geological  positions  in  the  crust  of  the  earth;  among  transition  rocks;  in  the  red 
marl  formation;  and  above  the  chalk,  in  the  tertiary  beds. 

1.  The  alpin9  gypsums  are  ranged  by  M.  firochant  anoong  the  transition  class,  and 
are  characterized  by  the  presence  of  anthracite  or  stone  coal ;  some  of  them  are  white 
and  pure,  others  gray  or  yellowish,  and  mixed  with  mica,  talc,  steatite,  black  oxyde  of 
iron,  pyrites,  compact  carbonate  of  lime,  sulphur,  and  common  salt.  Examples  of  suck 
localities  are  fonnd  in  the  gypsum  of  Val-Canaria  at  the  foot  of  Saint  Gothard,  that  of 
Brigg  in  the  upper  Valau ;  of  the  Grille  in  the  valley  of  Chamouni,  and  of  Saint  Ger- 
▼ais-les-Bains,  near  Sallenches  in  Savoy. 

2.  The  secondary  gypsum,  or  that  of  the  salt  mine  districts  belongs  to  the  rtd  gromd, 
immediately  beneath  the  lias  in  the  order  of  stratification,  and  therefore  a  rock  relatively 
ancient.  Near  Northa'ick,  the  red  marl  beds  above  the  great  deposite  of  rock  salt,  are 
irregularly  intersected  with  gypsum,  in  numerous  laminm  or  plates.  At  Newbisgin  ia 
Cumberland,  the  gypsnm  lies  in  red  argillaceous  marl,  between  two  strau  of  sandstone; 
and  a  mile  south  of  Whitehaven,  the  subterraneous  workings  for  the  alabaster  extend 
30  yards  in  a  direct  line ;  with  two  or  three  lateral  branches  extending  about  10  yards, 
at  whose  extremities  are  large  spaces  where  the  gypsum  is  blasted  with  gunpowder.  It 
Is  generally  compact,  forming  a  regular  and  conformable  bed,  with  crystals  of  selenite 
(crystallized  gj-psum)  in  drusy  cavities.  Gypsum  occurs  in  the  red  marl  in  the  isle  of 
Axholroe,  and  various  other  places  in  Nottinghamshire.  In  Derbyshire  some  consider- 
able deposites  have  been  found  in  the  same  red  sandstone,  several  of  which  are  mined, 
ae  at  Chellaston  hill,  which  wouM  exhibit  a  naked  and  water-worn  rock  of  gypsum, 
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were  it  not  for  a  covering  of  allavial  clay.  It  appears  in  general  to  present  itself  chiefly 
IB  particular  patches,  occasioning  a  sudden  rise,  or  an  insulated  hill,  by  the  additional 
thtdcness  which  it  gives  to  the  stratum  of  the  red  groutid  in  these  places.  The  prin- 
eipal  demand  for  the  pure  white  gypsum,  or  that  fainily  streaked  with  red,  is  by  the  pot- 
ters in  Staffordshire,  who  form  their  moulds  with  the  calcined  powder  which  it  affords; 
oaly  particularly  fine  blocks  are  selected  for  making  alabaster  ornaments  on  the  turning 
lathe.  In  one  of  the  salt  pits  near  Droitwich,  the  strata  sunk  through,  were  vegetable 
moaU,  3  feet ;  red  marl,  35  feet;  gypsum,  40  feet;  a  river  of  brine,  22  inches;  gypsum, 
75  leet ;  a  rock  of  salt,  bored  into  only  6  feet,  but  probably  extending  much  deeper.  On 
tke  Welsh  side  of  the  Brixtol  channel,  gypsum  occurs  in  the  red  marl  cliffs  of  6/amorgaii- 
sUrv,  from  Pennarth  to  Lavernock.  No  organic  remains  or  metallic  minerals  have  hiUier- 
ta  beiea  found  in  the  gypsum  of  this  formation. 

3.  The  most  interesting  gypsums  in  a  general  point  of  view,  are  certainly  the  tertiary, 
ar  tboie  of  the  plains,  or  hills  of  comparatively  modern  formation.  They  are  characterized 
hf  the  presence  pt  fossil  bones  of  extinct  animals,  both  mammifera  and  birds,  by  shellt, 
and  a  large  proportion  of  carbonate  of  lime,  which  gives  them  the  property  of  effervescing 
wifh  aekis,  and  the  title  of  limestone  gypsums.  Such  are  the  gypsums  of  the  environs 
of  Paris,  as  at  the  heights  of  Montmarue,  which  contain  crystallixed  sulphate  of  lime  ia 
laaay  forms,  but  most  commonly  the  lenticular  and  lance-shaped. 

Salphate  of  lime  occurs  either  as  a  dense  eomponnd  widiout  water,  and  is  called 
amhydrite  from  that  circumstance ;  or  with  combined  water,  which  is  Its  most  ordinary 
state.  Of  the  latter  there  are  6  sub-species ;  sparry  gypsum  or  seleniie  in  a  variety  of 
eryatalline  forms ;  the  foliated  granular ;  the  compact ;  the  fibrous ;  the  scaly  foliated ; 
the  earthy. 

The  prevailing  color  is  white,  with  various  shades  of  gray,  blue,  red,  and  yellow. 
More  or  less  translucent.  Soft,  sectile,  yielding  to  the  nail.  Specific  gravity  2*2. 
Water  dissolves  about  one  five-hundredth  part  of  its  weight  of  gypsum,  and  acquires 
the  qunlity  of  hardness,  with  the  characteristic  selenitic  taste.  When  exposed  on  red 
hot  eoah,  it  decrepitates,  becomes  white,  and  splits  into  a  great  many  brittle  plates.  At 
die  heat  of  a  baker's  oven,  or  about  Fahr.,  the  combined  water  of  gypsum  escapes 
with  a  species  of  ebullition.  At  a  higher  temperature  the  particles  get  indurated.  When 
rightly  calcined  and  pulverized,  gypsum  is  mixed  with  water  to  the  consistence  of  cream, 
aad  poured  into  moulds  by  the  manufacturers  of  stucco  ornaments  and  statues.  A 
species  of  rapid  crystallization  ensues,  and  the  thin  paste  soon  acquires  a  solid  consist- 
ence, which  is  increased  by  drying  the  figure  in  proper  sfOves.  During  the  consolidation 
af  the  plaster,  its  volume  expands  into  the  finest  lines  of  the  mould,  so  as  to  give  a  sharp 
aad  faithful  impression. 

The  plaster  stone  of  the  Paris  basin  contains  about  12  per  cent,  of  carbonate  of  lime. 
This  body,  mund  and  mixed  with  water,  forms  an  adhesive  mortar  much  used  in 
hnilding,  as  it  fixes  very  speedily.  Works  executed  with  pure  gypsum  never  become  to 
hard  as  those  made  with  the  calcareous  kind ;  and  hence  it  might  be  proper  to  add  a 
eertain  portion  of  white  slaked  lime  to  our  calcined  gypsum,  in  order  to  give  the  stuoeo 
this  valuable  property.  Colored  stuccos  of  great  solidity  are  made  by  adding  to  a  clear 
tolntioB  of  clue,  any  desired  coloring  tincture,  and  mixing-in  the  proper  quantity  of  the 
aaletned  calcareous  gypsum. 

The  compact,  fine-grained,  gypseous  alabaster  is  often  cut  into  various  ornamental 
igares,  such  as  vases,  statuary  groups,  Idc.,  which  take  a  high  polish  and  look  beantifa], 
hat  from  their  softness  are  easily  injured,  aiid  require  to  be  kept  enclosed  within  a  glass 
•hade. 

In  America  and  France,  the  virtues  of  gypsum  in  fertilizing  land  have  been  highly  ez- 
lolled,  but  they  have  not  been  realized  in  the  trials  made  in  this  kingdom. 

Pare  gypsum  consists  of  lime  28;  sulphuric  acid  40;  water  18 ;  which  are  the  respee- 
ttve  weights  of  its  prime  equivalent  parts. 

M.  Oay  Lnssac,  in  a  short  notice,  in  the  JiiMdU*  de  ChimU  for  April,  1829,  on  the  set- 
Ing  of  gypsum,  says  that  the  purest  plasters  are  those  which  harden  least,  and  that  the 
addition  of  I'une  is  of  no  use  toward  promoting  their  solkiity,  nor  can  the  heat  proper  for 
balling  eypsum  ever  expel  the  carbonic  acid  gas  from  the  calcareous  carbonate  present  in 
.the  gyiMum  of  Montmartre.  He  conceives  that  a  hard  plaster-stone  having  lost  its 
water,  will  resume  more  solidity  in  retuminc  to  its  first  state,  than  a  plaster-stone  nata* 
ral^  tender  or  soft ;  and  that  it  is  the  primitive  molecular  arrangement  whieh  is  regaaa- 
mtad.   See  Auuustxr. 
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HADE  gignifies,  among  English  miners,  the  inclination,  or  dcTiation  from  the  yertial 
of  any  mineral  vein. 

HAIR  (Checeuy  CHn,  Fr. ;  Hoar,  Germ.)  is  of  all  animal  prodaets,  the  one  IcMt 
liable  to  spontaneous  change.  It  can  be  dissolved  in  water  only  at  a  temperature  sane- 
what  above  230°  F.,  in  a  Papin's  digester,  bat  it  appears  to  be  partially  decomposed  \rj 
this  beat,  since  some  sulphureted  hydrogen  is  disengaged.  By  dry  distiUatioa,  hair  gim 
off  several  sulphureted  gases,  while  the  residuum  contains  salphate  of  lime,  conmoi 
salt,  much  silica,  with  some  oxyde  of  iron  and  manganese.  It  is  a  remarkable  fact  tkat 
fair  hair  affords  magnesia,  instead  of  these  latter  two  oxydes.  Horse-hair  yields  abost  12 
per  cent,  of  phosphate  of  lime. 

Hairs  are  tubular,  their  cavities  being  filled  with  a  fat  oil,  having  the  same  eolorwilk 
themselves.  Hair  plunged  in  chlorine  gas,  is  immediately  decomposed  and  converted  islo 
a  viscid  mass;  but  when  immersed  in  weak  aqueous  chlorine,  it  undergoes  no  chaafe, 
except  a  little  bleaching.  The  application  of  nitrate  of  mercury  to  hairy  skins  ta  the 
process  of  aecrAage,  is  explained  under  Peltry. 

For  the  dyeing  of  horse-hair,  see  the  next  article. 

Living  hairs  are  rendered  black  by  applying  to  them,  for  a  short  time,  a  paste  made  bj 
mixing  litharge,  slaked  lime,  and  bicarbonate  of  potash,  in  various  proportions,  according 
to  the  shade  of  color  desired. 

We  have  no  recent  analysis  of  hair.  Vauquelin  found  nine  different  substances  in  Uack 
hair ;  in  red  hair,  a  red  oil  instead  of  a  green ish-black  one. 

The  salts  of  mercury,  lead,  bismuth,  as  well  as  their  oxydes,  blacken  hair,  or  make  it 
of  a  dark  violet,  by  the  formation,  most  probably,  of  metallic  sulphurets. 

Hair  as  an  object  of  manufactures  is  of  two  kinds,  the  airly  and  the  MtraighL  The 
former,  which  is  short,  is  spun  into  a  cord,  and  boiled  in  this  state,  to  give  it  the  tortuous 
springy  form.  The  long  straight  hair  is  woven  into  cloth  for  sieves,  and  also  foronui- 
mental  purposes,  as  in  the  damask-hair  cloth  of  chair  bottoms.  For  this  purpose  the  hair 
may  be  dyed  in  the  following  way. 

Forty  pounds  of  tail  hair  about  26  inches  long  are  steeped  in  lime  water  durin?  twelrc 
hours.  Then  a  bath  is  made  with  a  decoction  of  20  pounds  of  logwood,  kept  boiling  for 
three  hours,  after  which  time  the  fire  is  withdrawn  from  the  boiler,  and  ten  ounces  of 
copperas  are  introduced,  stirred  about,  and  the  hair  is  immersed,  havin?  been  washed  from 
the  Jime  in  river  water.  The  hair  should  remain  in  this  cooling  bath  for  24  hours,  when 
the  ojx'ration  will  be  finished.    For  other  colors,  see  the  respective  dyes. 

The  looms  for  weaving  hair  differ  from  the  common  ones,  only  in  the  templet  and  the 
shuttle.  Two  templets  of  iron  must  be  used  to  keep  the  stuff  equably,  but  lightly 
stretched.  These  templets,  of  which  one  is  represented  in  fig.  532,  are  constructed  in 
the  shape  of  flat  pincers ;  the  jaws  c  c  being  furnished  with  teeth  inside.    A  screw  d, 

binds  the  jaws  together,  and  hinders  the  selvage 
from  going  inwards.  Upon  the  side  cross  beam 
of  the  loom,  seen  in  section  at  i,  a  bolt  is  fixed 
which  carries  a  nut  f  at  its  end,  into  which  t 
screwed  iron  rod  £  enters,  on  one  of  whose  ends 
is  the  handle  b.  The  other  extremity  of  the 
screw  E  is  adapted  by  a  washer  and  pin  to  the 
back  of  the  pincers  at  the  point  h,  so  that  by 
turning  the  handle  to  the  right  or  the  left,  we 
draw  onwards  or  push  backwards  the  pincers 
and  the  stuff  at  pleasure.  The  warp  of  the  web  is  made  of  black  linen  yarn.  The  weft 
is  of  hair,  and  it  is  thrown  with  a  long  hooked  shuttle;  or  a  long  rod,  having  a  catch 
hook  at  its  end.  The  length  of  this  shuttle  is  about  3  feet ;  its  breadth  half  an  inch,  and 
its  thickness  one  sixth.  It  is  made  of  box- wood.  The  reed  is  of  polished  steel;  the 
thread  warps  are  conducted  through  it  in  the  usual  way.  The  workman  passes  this 
shuttle  between  the  hairs  of  the  warp  with  one  hand,  when  the  shed  or  shuttle  way  is 
opened  by  the  treddles ;  a  child  placed  on  one  side  of  the  loom  presents  a  hair  to  the 
weaver  near  the  selvage,  who  catches  it  with  the  hook  of  his  shuttle,  and  by  drawing  it 
out  passes  it  through  the  warp.  The  hairs  are  placed  in  a  bundle  on  the  side  where  the 
child  stands,  in  a  chest  filled  with  water  to  keep  them  moist,  for  otherwise  they  would  not 
have  the  suppleness  requisite  to  form  a  web.  Each  time  that  a  hair  is  thrown  across,  the 
batten  is  driven  home  twice.  The  warp  is  dressed  with  paste  in  the  nsaal  way.  The 
hair  cloth,  after  it  is  woven,  is  hot  calenidered  to  give  it  lustre. 
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SAIR  PENCILS  OR  BRUSHES  for  painting.  Two  sorts  are  made ;  those  with  coarse 
ir,  as  that  of  the  swine,  the  wild  boar,  the  dog,  &c.,  which  are  attached  usually  to  short 
•oden  rods  as  handles ;  these  are  commonly  called  brtuhes ;  and  hair  pencils,  properly 
called,  which  are  composed  of  very  fine  hairs,  as  of  the  minever,  the  marten,  the 
dger,  the  polecat,  &c.  These  are  mounted  in  a  quill  when  they  are  small  or  of  modc- 
te  size,  but  when  larger  than  a  quill,  they  are  mounted  in  white-iron  tubes. 
The  most  essential  quality  of  a  good  pencil  is  to  form  a  fine  point,  so  that  all  the  hairs 
tbout  exception  may  be  united  when  they  are  moistened  by  laying  them  upon  the 
Ague,  or  drawing  them  through  the  lips.  When  hairs  present  the  form  of  an  elongated 
ne  in  a  pencil,  their  point  only  can  be  used.  The  whole  difficulty  consists  after  the 
irs  are  cleansed,  in  arranging  them  together  so  that  all  their  points  may  lie  in  the  same 
rizontal  planel  We  must  wash  the  tails  of  the  animals  whose  hairs  are  to  be  used, 
scouring  them  in  a  solution  of  alum  till  they  be  quite  free  from  grease,  and  then  steep- 
I  them  for  24  hours  in  luke-warm  water.  We  next  squeeze  out  the  water  by  pressing 
em  strongly  from  the  root  to  the  tip,  in  order  to  lay  the  hairs  as  smooth  as  possible, 
ley  are  to  be  dried  with  pressure  in  linen  cloths,  combed  in  the  longitudinal  direction, 
th  a  very  fine-toothed  comb,  finally  wrapped  up  in  fine  linen,  and  dried.  When  per- 
;tly  dry,  the  hairs  are  seized  with  pincers,  cut  across  close  to  the  skin,  and  arranged  in 
parate  heaps,  according  to  their  respective  lengths. 

Bach  of  these  little  heaps  is  placed  separately,  one  after  the  other,  in  small  tin  pans 
ith  flat  bottoms,  with  the  tips  of  the  hair  upwards.  Oa  striking  the  bottom  of  the  paa 
ghtly  upon  a  table,  the  hairs  get  arranged  parallel  to  each  other,  and  their  delicate 
ints  rise  more  or  less  according  to  their  lengths.  The  longer  ones  are  to  be  picked  out 
id  made  into  so  many  separate  parcels,  whereby  each  parcel  may  be  composed  of  equally 
Dg  hairs.  The  perfection  of  the  pencil  depends  upon  this  equality ;  the  tapering  point 
iing  produced  simply  by  the  attenuation  of  the  tips. 

A  pinch  of  one  of  these  parcels  is  then  taken,  of  a  thickness  corresponding  to  the  in- 
nded  size  of  the  pencil ;  it  is  set  in  a  little  tin  pan,  with  its  tips  undermost,  and  is  shaken 
'  striking  the  pan  on  the  table  as  before.  The  root  end  of  the  hairs  being  tied  .by  the 
iberman's  or  seaman's  knot,  with  a  fine  thread,  it  is  taken  out  of  the  pan,  and  then 
loped  with  stronger  thread  or  twine;  the  knots  being  drawn  very  tight  by  means  of  two 
tie  sticks.  The  distance  from  the  tips  at  which  these  ligatures  are  placed,  is  of  coarse 
lative  to  the  nature  of  the  hair,  and  the  desired  length  of  the  pencil.  The  base  of  the 
ncil  must  be  trimmed  flat  with  a  pair  of  scissors. 

Nothing  now  remains  to  be  done  but  to  mount  the  pencils  in  quill  or  tin-plate  tubes  as 
lOve  described.  The  quills  are  those  of  swans,  geese,  dacks,  lapwings,  pigeons,  or  larks, 
icording  to  the  size  of  the  pencil.  They  are  steeped  during  24  hours  m  water,  to  swell 
id  soften  them,  and  to  prevent  the  chance  of  their  splitting  when  the  hair  brush  is  pressed 
to  thf  m.  The  brush  of  hair  is  introduced  by  its  tips  into  the  large  end  of  the  cut  quill, 
ivinir  previously  drayn  them  to  a  point  with  the  lips,  when  it  is  pushed  forwards  with 
wire  of  the  same  diameter,  till  it  comes  out  at  the  other  and  narrower  end  of  the  quill. 
The  smaller  the  pencils,  the  finer  ought  the  hairs  to  be.  In  this  respect,  the  manufacture 
quires  much  delicacy  of  tact  and  experience.  It  is  said  that  there  are  only  four  first-rate 
inds  among  all  the  dexterous  pencil-makers  of  Paris,  and  that  these  are  principally  women. 
HALOGENE  is  a  term  employed  by  Berzelius  to  designate  those  substances  which 
nn  compounds  of  a  saline  nature,  by  their  union  with  metals ;  such  are  JBromta^ 
khrine,  Cyanogme,  Fluorinty  Iodine,  Haloid  is  his  name  of  the  salt  thereby  formed. 
HANDSPIKE  is  a  strong  wooden  bar,  used  as  a  lever  to  move  the  windlass  and  cap- 
an  in  heaving  up  the  anchor,  or  raising  any  heavy  weights  on  board  a  ship.  The 
indle  is  smooth,  round,  and  somewhat  taper ;  the  other  end  is  squared  to  fit  the  holes  is 
e  bead  of  the  capstan  or  barrel  of  the  windlass. 

HARDNESS  (Dure/e,  Fr. ;  Hdrte,  Festigkeit,  Germ.)  is  that  modification  of  cohesive 
traction  which  enables  bodies  to  resist  any  eflfort  made  to  abrade  their  surfaces.  Its  rel- 
ive intensity  is  measured  by  the  power  they  possess  of  catting  or  scratching  other  sub- 
•aees.  The  following  table  exhibits  pretty  nearly  the  successive  hardnesses  of  the 
veral  bodies  in  the  list : — 
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Ditiiiond  (Vom  OnDU 
Piok  ditmond 
Bluish  diamond 
Yellowish  diamoBd 
Cobte  dimipoiid  - 

Me  roby  from  Bmil 
Deep  blue  tapphire  • 
Diito^  paler 
TopM 

Whitish  topai  - 
Raby  spinell 
BohemitD  topts  - 
Emerald 
Garnet  - 
Agate 
Onyx  - 
Saidonyx  - 
Oecidentnl  ametbyit 
CryMal 
Corndian 
Green  jasper 
Reddish  yellow  do. 
Schoerl 
Tourmaline 
Quarts 
Opal  - 
Chrysolite  - 
Zeolite  - 
Floor 

Calcareous  spar 

Gypsum 
Chalk  - 


SO 
19 
19 
19 
18 
17 
16 
16 
17 
16 
14 
U 
11 
12 
» 
1% 
IS 
IS 
11 
11 
11 
11 
9 
10 
10 
10 
10 
10 
8 
7 
6 
6 
3 


3- 7 
6-4 
6*6 
6^ 
6-S 

4-  S 
6-6 
6-8 
8^ 

4-  S 
8-6 
84 
S^ 

5-  8 

4-  4 

5-  6 
S^ 
S-6 
S-7 
S-6 
S-7 
S-7 
S« 
8-6 
8-0 
S-7 
S« 
8-7 
SI 
3-6 
S-7 
2-3 
2-7 


HARTSHORxN,  SPIRIT  OF,  is  the  old  name  for  water  of  ammonia. 

HATCH  IN(;  OF  CHICKENS.    See  Incubation,  Artificial. 

HAT  MANUFACTURE.    {Vari  de  C hapelier,  Fr. ;  Hutmacherkun*t,  Germ,)  Hit 
is  the  name  of  a  piece  of  dress  worn  upon  the  head  by  both  sexes,  but  priocipallj  by  the 
men,  and  seems  to  have  been  first  introduced  as  a  distinction  among  the  ecclesiastics  it 
the  12lh  century,  though  it  was  not  till  the  year  1400  that  it  was  ^erally  adopted 
respectable  laymen. 

As  the  art  of  making  common  hats  does  not  in?olve  the  description  of  any  curious  na- 
chinery,  or  any  inlercsting  processes,  we  shall  not  enter  into  very  minute  details  upon 
the  subjt^ct.  It  will  be  sufficient  to  convey  to  the  reader  a  generid  idea  of  the  metbiodi 
employed  in  this  manufacture. 

The  materials  used  in  making  stuff  bats  are  the  furs  of  hares  and  rabbits  freed  froa 
the  long  hair,  together  with  wool  and  beaver.  The  beaver  is  reserved  for  the  finer  bals. 
The  fur  is  first  laid  upon  a  hurdle  made  of  wood  or  wire,  with  longitudioal  openings; 
and  the  operator,  by  means  of  an  instrument  called  the  bow  (which  is  a  piece  of  elaSlae 
ash,  six  or  seven  feet  lone,  with  a  catgut  stretched  between  its  two  ejitremities,  and  made 
to  vibrate  by  a  bowstick),  causes  the  vibrating  string  to  strike  and  play  upon  the  far,  so 
as  to  scatter  the  fibres  in  all  directions,  while  the  dust  and  filth  descend  through  the  grids 
of  the  hurdle. 

After  the  fur  is  thus  driven  by  the  bow  from  the  one  end  of  the  hurdle  to  the  other,  it 
forms  a  mass  called  a  bat,  which  is  only  half  the  quantity  sufficient  for  a  hat.  The 
bat  or  capade  thus  formed  is  rendered  compact  by  pressing  it  down  with  the  hardoMf 
tfc^n  (a  piece  of  half-tanned  leather),  and  the  union  of  the  fibres  is  increased  by  coveriag 
them  with  a  cloth,  while  the  workman  presses  them  together  repeatedly  with  his  hanji. 
The  cloth  beine  taken  off,  a  piece  of  paper,  with  its  comers  doubled  in«  so  as  to  give  it 
a  triangular  outline,  is  laid  above  the  bat.  The  opposite  edges  of  the  bat  are  then  folded 
over  the  paper,  and  being  brought  together  and  pressed  again  with  the  hands,  they  font 
a  conical  cap.   This  cap  is  next  laid  upon  another  bat,  ready  hazdened,  so  that  the  joined 
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cdm  of  the  first  btt  rest  upon  the  new  one*  This  new  iMt  is  folded  over  the  other,  tnd 
ili  edges  joined  by  pressure  as  before ;  so  that  the  joining  of  the  first  conical  cap  it 
<ipposite  to  that  of  the  second.  This  compound  bat  is  now  wrought  with  the  hands  for  a 
cOBsiderabie  time  U  jwn  the  hurdle  between  folds  of  lined  cloth,  being  occasionally  sprinkled 
with  clear  water,  till  the  hat  is  basined  or  rendered  tolerably  firm. 

Tlie  cap  is  now  taken  to  a  wooden  receiver,  like  a  very  flat  mill-hopper,  consisting  of 
«ight  wooden  planes,  sloping  gently  to  the  centre,  which  contains  a  kettle  filled  with 

water  acidulated  with  sulphuric  acid.  The 
technical  name  of  this  vessel  is  the  batUry.  It 
consists  of  a  kettle  a  ;  and  of  the  plank^  b 
which  are  sloping  planes,  usually  eight  is  num- 
ber, one  being  allotted  to  each  workmair.  The 
half  of  each  plank  next  the  kettle  i^  made  of 
lead,  the  upper  half  of  mahogany.  Id  this  liquor 
the  hat  is  occasionally  dipped,  and  wrought  by 
the  hands,  or  sometimes  with  a  rcAer,  upon  the 
sloping  planks.  It  is.  thus  fulled  or  thickened 
during  four  or  five  hours ;  the  k'ots  or  hard  sub- 
stances are  picked  out  by  the  w>rkman,  and  fresh 
felt  is  added  by  means  of  a  vet  brush  to  those 
parts  that  require  it.  The  ^ver  is  applied  at 
the  end  of  this  operation.  In  the  manufacture 
of  beaver  hats,  the  ground  of  beer  are  added  to 
the  liquor  in  the  kettle. 
8i4tppiug,  or  thickening  the  thin  spots,  seen  by  looking  through  the  body,  is  performed 
t]r  daubing  on  additional  stuff  with  successive  applications  of  the  hot  acidulous  liquor 
froBD  a  brush  dipped  into  the  kettle,  until  the  body  be  sufficiently  shrunk  and  made 
unifonn.  After  drying,  it  is  stifl'ened  with  varnish  composition  rubbed  in  with  a  brush; 
the  inside  surface  bcins:  more  copiously  imbued  with  it  than  the  outer;  while  the  brim  it 
peculiarly  charged  with  the  stiffening. 

When  once  more  dried,  the  body  is  ready  to  be  coverid,  which  is  done  at  the  battery. 
The  first  cover  of  beaver  or  napping,  which  has  been  previously  fcotred,  is  strewed  equably 
over  the  body,  and  patted  on  with  a  brush  moistened  wiik  the  hot  liquor,  until  it  geU  in- 
corporated ;  the  cut  ends  towards  the  root,  being  the  pcfVits  which  spontaneously  intrude. 
The  body  is  now  put  into  a  coarse  hair  cloth,  then  dipped  and  rolled  in  the  hot  liquor, 
until  the  root  ends  of  the  beaver  are  thoroughly  worked  in.  This  is  technically  called 
rolling  off,  or  roughiufr,  A  strip  for  the  brim,  rcund  the  edee  of  the  inside,  is  treated  in 
the  same  way;  whereby  every  thing  is  ready  for  the  second  cover  (of  beaver),  which  is 
incorporated  in  like  manner ;  the  roiling,  &c.  being  continued,  till  a  uniform,  close,  and 
well-felted  hood  is  formed. 

The  hat  is  now  ready  to  receive  its  proper  shape.  For  this  purpose  the  workman  turns 
up  the  edge  or  brim  to  the  depth  of  about  1)  inch,  and  then  returns  the  point  of  the  cone 
bade  again  through  the  axis  of  the  cap,  so  as  to  produce  another  inner  fold  of  the  same 
depth.  A  third  fold  is  produced  by  returning  the  point  of  the  cone,  and  so  on  till  the 
potat  resembles  a  flat  circular  piece  having  a  number  of  concentric  folds.  In  this  state 
it  is  laid  upon  the  plank,  and  wetted  with  ihe  liquor.  The  workman  pulls  out  the  point 
with  his  fingers,  and  presses  it  down  with  his  hand,  turning  it  at  the  same  time  round  on 
its  centre  upon  the  plank,  till  a  flat  portion,  equal  to  the  crown  of  the  hat,  is  rubbed  out. 
This  fiat  crown  is  now  placed  upon  a  block,  and,  by  pressing  a  string  called  a  commander, 
down  the  sides  of  the  block,  he  forces  the  parts  adjacent  to  the  crown,  to  assume  a  cylin- 
drical figure.  The  brim  now  appears  like  a  puckered  appendage  round  the  cylindrioil 
cone;  but  the  proper  figure  is  next  given  to  it,  by  working  and  rubbing  it.  The  body  it 
rendered  waterproof  and  stiff  by  being  imbued  with  a  varnish  composed  of  shellac^ 
sandarach,  mastic,  and  other  resins  dissolved  in  alcohol  or  naptha. 

The  hat  beins;  dried,  its  nap  is  raised  or  loosened  with  a  wire  brush  or  card,  and  some- 
timea  it  is  previously  pounced  or  rubbed  with  pumice,  to  take  off  the  coarser  parts,  and 
aAerwards  rubbed  over  with  seaUkin.  The  hat  is  now  tied  with  pack-thread  upon  iU 
block,  and  is  afterwards  dyed.    See  Hat-dyeing,  infra. 

The  dyed  hats  are  now  removed  to  the  stifliening  shop.  Beer  grounds  are  next  applied 
<m  the  inskle  of  the  crown,  for  the  purpose  of  preventing  the  glue  from  coming  through ; 
mad  when  the  beer  grounds  are  dried,  glue  (gum  Senegal  is  sometimes  used)  a  little 
thinner  than  that  used  by  carpenters,  is  laid  with  a  brush  on  the  inside  of  the  crown,  and 
CIm  lower  surface  of  the  brim. 

The  bat  is  then  soAened  by  exposure  to  steam,  on  the  steaming  basin,  and  is  brushed 
mud  ironed  till  it  receives  the  proper  gloss.  It  is  lastly  cut  round  at  the  brim  by  a  knife 
ind  at  the  end  of  a  gauge,  which  reals  against  the  crown.  The  brim,  howerer,  is  iwt 
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ent  entirely  throogb,  hai  is  torn  off  so  as  to  leaye  an  edging  of  beaTcr  nmnd  the  ezfeml 
rim  of  the  hat.  The  crown  being  lied  op  in  a  gauie  paper,  which  ia  neatly  iroMi 
down,  is  then  ready  for  the  last  operaiions  of  lining  and  binding. 

The  furs  and  wools  of  which  hats  are  manufactured  contain,  in  their  early  stage  of  prep- 
aration, kempt  and  hairs,  which  must  be  removed  in  order  to  prodnce  a  material  feir  Ike 
better  description  of  haU.  This  separation  is  effected  by  a  sort  of  winnowing  maehiae, 
which  wafts  away  the  finer  and  lighter  parts  of  the  fnrs  and  wools  from  the  eoarMr. 
Messrs.  Parker  and  Harris  obtained  a  patent  in  1822  for  the  invention  and  nse  of  nd 
an  apparatus,  whose  structure  and  functions  may  be  perfectly  understood,  from  iu  aaatofr 
to  the  blowing  and  scutching  machine  of  the  cotton  manufacture;  to  which  I  thereibrr 
refer  my  readers. 

I  shall  now  proceed  to  describe  some  of  the  recent  improvements  proposed  in  the  aas- 
nfiicture  oT  hats,  but  their  introduction  is  scarcely  possible,  on  account  of  the  pNerfecdf 
organized  combination  which  exists  among  journeyman  hatters  throughout  the  kiagdoa, 
by  which  themasters  are  held  in  a  state  of  complete  servitude,  having  no  power  to  takes 
tingle  apprentice  into  their  works  beyond  the  number  specified  by  the  Union,  nor  ao;  sort 
of  machine  wHch  is  likely  to  supersede  hand  labor  in  any  remarkable  degree.  Heaee 
the  hat  trade  is,  generally  speaking,  unproductive  to  the  capitalist,  and  incapable  of  re- 
ceiving any  considerable  development.  The  public  of  a  free  country  like  this,  ongbt  to 
eonnteract  this  dislracefal  state  of  things,  by  renouncing  the  wear  of  stoff  hats,  a  braaeh 
of  the  business  entitely  under  the  control  of  this  despotic  Union,  and  betake  thennelfes 
to  the  use  of  silk  hwn^  which,  from  recent  improvements  in  their  fabric  and  dyetof,  tit 
not  a  whit  inferior  to  \he  beaver  hats,  in  comfort,  appearance,  or  durabfltty,  wbik  ihej 
may  be  had  of  the  best  «.uality  for  one  fourth  part  of  their  price. 

The  annexed  figures  represent  Mr.  Ollerenshaw's  machine,  now  generally  employ 
or  ironing  hats.    Fig.  534  is  the  frame-work  or  standard  upon  which  three  of  tkr 


lathes  are  mounted,  as  A,  b,  c.  The  lathe  a  is  intended  to  be  employed  wh<*o  th^ 
crown  of  the  hat  is  to  be  ironed.  The  lathe  b,  when  the  flat  top,  and  the  upper  side  of 
the  brim  is  ironed,  and  lathe  c,  when  its  under  side  is  ironed ;  motion  being  given  lo  th' 
whole  by  means  of  a  band  passing  from  any  first  mover  (as  a  steam-engine,  water-whH. 
&c.)  to  the  drum  on  the  main  shaft  a  a.  From  this  drum  a  strap  passes  over  the  ri^m 
bjWhich  actuates  the  axle  of  the  lathe  a.  On  to  thislathe  a  sort  of  chuck  is  screwed,  and 
to  the  chuck  the  block  c  is  made  fast  by  screws,  bolts,  or  pins.  This  block  is  represent- 
ed in  section,  in  order  lo  show  the  manner  in  which  it  is  made,  of  several  pieces  heM 
fast  by  the  centre  wedge-piece,  as  seen  at  fig.  535. 

The  hat-block  being  made  to  turn  round  with  the  chuck,  at  the  rate  of  about  twenty 
turns  per  minute,  but  in  the  opposite  direction  to  the  revolution  of  an  ordinary  torninr 
lathe,  the  workman  applies  his  hot  iron  to  the  surface  of  the  hat,  and  therebr  smootte 
it,  giving  a  beautiful  glossy  appearance  to  the  beaver;  he  then  applies  a  plush  coshios, 
and  rubs  round  the  surface  of  the  hat  while  it  is  still  revolving.  The  hat,  with  its 
block,  is  now  removed  to  the  lathe  b,  where  it  is  placed  upon  the  chuck  d,  and  made  to 
tnrn  in  a  horizontal  direction,  at  the  rate  of  about  twenty  revolutions  per  minute,  ftr 
the  purpose  of  ironing  the  flat-lop  of  the  crown.  This  lathe  b  moves  upon  an  uprifl» 
•halt  e,  and  is  aclnated      si  twisted  band  passing  fram  the  main  ahiA,  roaod  ik 
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hgfvr/.   In  order  to  iron  tb«  upper  surface  of  the  brim,  the  lilock  c  it  remoTed  from 
the  lathe,  and  taken  out  of  the  hat,  when  the  block  fig.  536,  is  mounted  upon  the  chuck 
and  made  to  turn  under  the  hand  of  the  workman,  as  before. 

The  hat  is  now  to  be  removed  to  the  lathe  c,  where  it  is  introduced  in  an  inyerted 
poeition;  between  the  arms  g  g  supporting  the  rim  h  h,  the  top  surface  of  which  is 
shown  at  Jig,  &37.  The  spindle  t  of  the  lathe  turns  by  similar  means  to  the  last,  bnt 
•lower;  only  tea  turns  per  minute  will  be  sufficient.  The  workman  now  smooths  the 
vnder  side  of  the  brim,  by  drawing  the  iron  across  it,  that  is,  from  the  centre  outwanls. 
The  hat  is  then  carefully  examined,  and  all  the  burs  and  coarse  hairs  picked  out,  after 
which  the  smoothing  process  is  performed  as  before,  and  the  dressing  of  the  hat  is  com- 
plete. 

Messrs.  Gillman  and  Wilson,  of  Manchester,  obtained  a  patent  in  1823,  for  a  peculiar 
kind  of  fabric  to  be  made  of  cotton,  or  a  mixture  of  cotton  and  silk,  for  the  covering  of 
hats  and  boa  nets,  in  imitation  of  beaver.  The  foundation  of  the  hat  may  be  of  felt,  hemp, 
wool,  which  is  to  be  covered  by  the  patent  fabric.  This  debased  article  does  not  seem  to 
have  got  into  use ;  cotton,  from  its  want  of  the  felting  property  and  inelasticity,  being 
rerj  ill-adapted  for  making  hat-stufl*. 

A  more  ingenious  invention  of  John  Gibson,  hatter,  in  Glasgow,  consisting  of  an  elastic 
fabric  of  whalebone,  was  made  the  subject  of  a  patent,  in  June,  1824.  The  whalebone, 
being  separated  into  threads  no  larger  than  bay  stalks,  is  to  be  boiled  in  some  alkaline 
liquid  for  removing  the  oil  from  it,  and  rendering  it  more  elastic.  The  longest  threads 
are  to  be  empk)yed  for  warp,  the  shorter  for  wefl ;  and  are  to  be  woven  in  a  hair-cloth 
looin.  This  fabric  is  to  be  passed  between  rollers,  aAer  which  it  is  fit  to  be  cut  out  into 
fi>rms  for  making  hats  and  bonnets,  to  be  sewed  together  at  the  joints,  and  stiffened  with 
«  preparation  of  resinous  varni»hes,  to  prevent  its  being  acted  upon  by  pentpiration  or 
rain.  A  very  considerable  improvement  in  the  lightness  and  elasticity  of  silk  hats  has 
been  the  result  of  this  invention. 

The  foundation  of  men's  hats,  upon  whose  outride  the  beaver,  down,  or  other  fine  fur 
is  laid  to  produce  a  nap,  i»,  as  I  have  described,  usually  made  of  wool  felted  together 
by  hand,  and  formed  first  into  conical  caps,  which  are  afterwards  stretched  and  moulded 
upon  blocks  to  the  desired  shape.  Mr.  Borradaile,  of  Bncklersbury,  obtained  a  patent 
in  November,  1825,  for  a  machine,  invented  by  a  foreigner,  for  setting  up  hat  bodies, 
which  seems  to  be  ingeniously  contrived;  but  I  shall  decline  describing  it,  as  it  has 
protMibly  not  been  suffered  by  the  C7nton  to  come  into  practical  operation,  and  as  I  shall 
presently  give  the  details  of  another  later  invention  for  the  same  purpose. 

Silk  hats,  for  several  years  aAer  they  were  manufactured,  were  liable  to  two  objec- 
tions ;  first,  the  body  or  shell  over  which  the  silk  covering  is  laid,  was,  from  its  hardness, 
apt  to  hurt  the  head  ;  second,  the  edge  of  the  crown  being  much  exposed  to  blows,  the 
silk  nap  soon  got  abraded,  so  as  to  lay  bare  the  cotton  foundation,  which  is  not  capable 
of  Ukiog  so  fine  a  black  dye  as  the  silk ;  whence  the  hat  ajisumed  a  shabby  appearance. 
Messrs.  Mayhew  and  White  of  London,  hat-manufacturers,  proposed  in  their  patent  of 
February,  1826,  to  remedy  these  defects,  by  making  the  hat  body  of  stuff  or  wool,  and 
relieving  the  stiffness  of  the  inner  part  round  the  brim,  by  attaching  a  coating  of  beavet 
upon  the  under  side  of  the  brim,  so  as  to  render  the  hat  pliable.  Round  the  edge  of 
the  tip  or  crown,  a  quantity  of  what  is  called  stop  wool  is  to  be  attached  by  the  ordinary 
operation  of  bowing,  which  will  render  the  edge  soA  and  elastic.  The  hat  is  to  be  after- 
wards dyed  of  a  good  black  color,  both  outside  and  inside ;  and  being  then  properly  stiff- 
ened and  blocked,  is  ready  for  the  covering  of  silk. 

The  plush  employed  for  covering  silk  hats,  is  a  raised  nap  or  pile  woven  usually  upon 
«  cotton  foundation  ;  and  the  cotton,  being  incapable  of  receiving  the  same  brilliant 
tdack  dye  as  the  silk,  renders  the  hat  apt  to  turn  brown  whenever  the  silk  nap  is  partially 
worn  off.  The  patentees  proposed  to  counteract  this  evil,  by  making  the  foundation  of 
the  plush  entirely  of  silk.  To  these  two  improvements,  now  pretty  senerally  introduced, 
the  present  excellence  of  the  silk  hats  may  be,  in  a  good  measure,  ascribed. 

The  apparatus  above  alluded  to,  for  making  the  foundations  of  hats  by  the  aid  of  me- 
lanism, was  rendered  the  subject  of  a  patent,  by  Mr.  Williams,  in  September,  1826 ;  but 
I  fear  it  has  never  obtained  a  footing,  nor  even  a  fair  trial  in  our  manufactures,  on  ac- 
count of  the  hostility  of  the  operatives  to  all  labor-saving  machines. 

Fig.  538  is  a  side  view  of  the  carding  engine,  with  a  horizontal  or  plan  view  of  the 
lower  part  of  the  carding  machine,  showing  the  operative  parts  of  the  winding  apparatus, 
as  connected  to  the  carding  engine.  The  doffer  cylinder  is  covered  with  fillets  of 
wire  cards,  such  as  are  usually  employed  in  carding  engines,  and  these  fillets  are 
divided  into  two,  three,  or  more  spaces  extending  round  the  periphery  of  the  cylinder, 
the  object  of  which  division  is  to  separate  the  sliver  into  two,  three,  or  more  breadths, 
which  are  to  be  conducted  to^  and  wound  upon  distinct  blocks,  for  making  so  many  sep- 
arate haU  or  caps. 
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The  principal  cylinder  ot'  the  carding  engine  is  made  to  rerolTe  bj  a  nK(^  upon 
axle,  actuated  by  a  band  firom  any  first  mover  as  nsuid,  and  the  subordinate  roUen  « 


cylinders  belonging  to  the  carding  engine,  are  all  turned  by  pulleys,  and  bands,  and  gear, 
as  in  the  oidinary  construction. 

The  wool  or  other  material  is  supplied  to  the  feeding  cloth,  and  carried  throa{rb 
the  engine  to  the  dofler  cylinder,  as  in  other  carding  engines;  the  dofler  comb  is 
actuated  by  a  revolving  crank  in  the  common  way,  and  by  means  of  it  the  slivers  are 
taken  from  the  doffer  cylinder,  and  thence  received  on  to  the  surfaces  of  the  blocks  e  t. 
These  blocks,  of  which  two  only  are  shown  to  prevent  confusion,  arc  mounted  upon 
axles,  supported  by  suitable  bearings  in  a  carriage / /,  and  are  made  to  revolve  by  mctos 
of  a  band  g  g,  leading  from  a  pulley  on  the  axle  of  a  conical  drum  beneath.  The  band  e 
passes  over  a  pulley  h,  affixed  to  the  axle  of  one  of  the  blocks,  while  another  pulley  i, 
upon  the  same  axle,  gives  motion,  by  means  of  a  band,  to  as  many  other  blocks  as  art 
adapted  to  the  machine. 

As  it  is  necessary,  in  winding  the  slivers  on  to  the  blocks,  to  cross  them  in  different 
directions,  and  also  to  pass  the  sliver  over  the  hemispherical  ends  of  the  block?,  in 
order  that  the  wool  or  other  material  may  be  uniformly  spread  over  the  surface  in 
forming  the  cap  or  hood  for  the  shell  or  foundation  of  the  intended  hat,  the  carriage /. 
with  the  blocks,  is  made  to  traverse  to  and  fro  in  lateral  directions  upon  rollers  at  each 
end. 

This  alternating  motion  of  the  carriage  is  caused  by  a  horizontal  lever  /  /  (seen  in 
the  horizontal  view  Jig.  538),  moving  upon  a  fulcrum  pin  at  wi,  which  lever  is  attached 
to  the  carriage  at  one  extremity  n,  and  at  the  other  end  has  a  weighted  cord  which 
draws  the  side  of  this  lever  against  a  cam  wheel  o.  This  cam  is  made  to  rerohre  by 
means  of  a  band  and  pulley,  which  turns  the  shaft  and  endless  screw  ^,  and  this 
endless  screw  taking  into  a  toothed  wheel  r,  on  the  axle  of  the  cam  o,  causes  the  cam 
10  revolve,  the  periphery  of  which  cam  running  against  a  friction  roller  on  the  side  of 
the  lever  /,  causes  the  lever  to  vibrate,  and  the  carriage  /  /  attached  to  it,  to  traverse  to 
and  fro  upon  the  supporting  rollers,  as  described.  By  these  means  the  slivers  are 
laid  in  oblique  directions  (varying  as  the  carriage  traverses),  over  the  surface  of  the 
blocks. 

The  blocks  being  conically  formed,  or  of  other  irregular  figures,  it  is  necessary,  ia 
Older  to  wind  the  slivers  with  uniform  tension,  to  yary  their  speed  according  to  the 
diameter  of  that  part  of  the  block  which  is  receiving  the  sliver.  This  is  effected  Vf 
gnring  different  yelocities  to  the  pulley  on  the  axle  of  the  conical  drum  «,  eorrespoadiaf 
with  <•  There  is  a  aimilax  cotkicaL  drum    placed  in  a  leTerse  position  in  the  lover 
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tnune,  vhich  is  actuated  by  a  band  from  any  oonTenient  part  of  the  machine 
r  a  pulley  k,  upon  the  axle  of  /.  From  the  drum  t,  to  the  drum  «,  there  \»  a 
ch  is  made  to  slide  along  the  drums  by  the  guidance  of  two  rollers  at  the  end 
L 

w  be  seen  that  when  the  larger  diameter  of  the  cam  wheel  o  forces  the  IcTer 
le  band  v  will  be  guided  on  to  the  smaller  part  of  the  conical  drum  t  and  the 
3f  t,  consequently  the  drum  s  will  at  this  time  receive  its  slowest  motion,  and 
will  turn  the  blocks  slower  also ;  the  reverse  end  of  the  lever  I  having,  by  the 
lent,  slidden  the  carriage  into  that  position  which  causes  the  sliveis  to  wind 
-ger  diameter  of  the  blocks. 

i  smaller  diameter  of  the  cam  is  acting  against  the  side  of  the  lever,  the 
)rd  draws  the  end  of  the  lever  to  the  opposite  side,  and  the  band  v  will  be 
>  the  larger  part  of  the  cord  and  the  smaller  part  of  the  cone  s ;  consequently, 
movement  of  the  band  g  will  now  eanse  the  blocks  e  e  to  revolve  with  a  oor- 
ipeed.  The  carriage /  will  also  be  moved  upon  its  rollers,  to  the  reverse  side, 
er  of  wool  or  other  material  be  now  wound  upon  the  smaller  parts  and  ends 
cs,  at  which  time  the  quicker  rotation  of  the  blocks  is  required.  It  may  be 
ed,  that  the  cam  wheel  o  should  be  differently  formed  according  to  the  differ- 
blocks  employed,  so  as  to  produce  the  requisite  movements  oif  the  lever  and 
ted  thereto. 

imains  to  state,  that  there  are  two  heavy  conical  rollers  w  w,  bearing  upon 
Ties  of  the  blocks  e  <,  which  turn  loosely  upon  their  axles  by  the  friction 
for  the  purpose  of  pressing  the  slivers  of  wool 'or  other  material  on  the 
comes  from  the  doffer  cylinder  of  the  carding  engine,  and  when  the  blocks 
ioated  with  a  sufficient  quantity  of  the  sliver,  the  smaller  end  of  the  pressing 
be  raised,  while  the  cap  is  withdrawn  from  the  block.  The  process  being 
I  before,  the  formation  of  other  bodies  or  caps  is  effected  in  the  manner  above 

caps  or  bodies  of  hats,  fee.  are  formed  in  the  above  described  machine,  they 
n  wet  cloths,  and  placed  upon  heated  plates,  where  they  are  rolled  under 
r  the  purpose  of  being  hardened.  Fig,  539  represents  the  front  of  three 
1  a,  the  tops  of  which  are  covered  with  iron  plates  6  6  6.  Upon  these  plates, 
heated  by  the  furnace  below,  or  by  steam,  the  bodies  wrapped  in  the  wet 
are  placed,  and  pressed  upon  by  the  flaps  or  covers  d  d  d,  sliding  upon 
to  which  flaps  a  traversing  motion  is  given,  by  means  of  chains  attached  to 
ng  bar  e  e.  This  bar  is  moved  by  a  rotatory  crank  /,  which  has  its  motion 
from  any  actuating  power.  When  any  one  of  the  flaps  is  turned  up  to 
:  bodies  from  beneath,  the  chains  hang  loosely,  and  the  flap  remaini 

ps  or  hat  bodies,  aHer  having  been  hardened  in  the  manner  above  described, 
sd  in  the  usual  way  by  hand,  or  they  are  felted  in  a  fulling  mill,  by  the  usual 
iloyed  for  milling  cloths,  except  that  the  hat  bodies  are  occasionally  taken  oat 
g  mill,  and  passed  between  rollers,  fur  the  purpose  of  rendering  the  felt  more 


mpanying  drawings  represent  the  machine  in  several  views,  for  the  porpoae 
the  construction  of  all  its  parts.  Fig,  540  is  a  front  elevation  of  the  machine ; 
a  side  elevation  of  the  same;  fig.  542  is  a  longitudinal  section  of  the  m«- 
fig,  643  is  a  transverse  section ;  the  similar  letters  indicating  the  same  parts 
gores. 
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Mr.  Carey,  of  Basford,  ob> 
tained  a  patent  in  October,  1834, 
for  an  invention  of  certain  ma- 
chinery to  be  employed  in  the 
manufacture  of  hats,  which  is 
ingenious,  and  seems  to  be  worthy 
of  notice  in  this  place.  It  con* 
sists  in  the  adaptation  of  a  sys- 
tem of  rollers,  forming  a  machine^ 
by  means  of  which  the  operation 
of  roughing  or  plaiting  uf  hats 
may  be  performed;  that  is,  the 
beaver  or  other  for  may  be  made 
to  attach  itself,  and  work  into 
the  felt  or  hat  body,  without  the 
necessity  of  the  ordinary  manoal 
operations. 
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Upon  a  bride  or  other  suitable  base,  a  farnaee  or  fire-place  0,  is  made,  baring  a  dm»rf- 

Ing  floe  6,  for  the  pnrpoae  of  etny- 
in^  away  the  smoke.  A  paa  or 
shallow  Teasel  e  c,  formed  of  lead, 
is  phced  orer  the  fomace;  whieh 
▼essel  is  intended  to  contaia  a  mv 
liquor,  as  a  solution  of  TitrioNe  adi 
and  water.  On  the  edge  of  this 
pan  is  erected  a  wooden  cansf 
dd  which  endoaes  three  site, 
leaTing  the  fourth  open  Ibc  the 
purpose  of  obtainiufr  aeeess  ta  the 
working  apparatus  within.  Asnias 
of  what  may  be  termed  kaloa 
rollers,  e  e  e^  is  moonted  on  aiks 
turning  in  the  side  casings;  sad 
another  series  of  similar  laatfra 
rollers,  /  /  /,  is  in  like  Baaaer 
mounted  abuTe.  These  laatcfn 
rollers  are  made  to  revohre  by  meaas 
of  berel  pinions,  fixed  on  the  twh 
of  their  axles,  which  are  tamed 
by  similar  bcTcl  wheels  on  the  htf- 
eral  shaAs  g  and  A,  drirea  by  a 
winch  t,  and  gear,  ns  shows  in 
/gt.  540  and  Ml. 

Having  prepared  the  bodifs  of 
the  hats,  and  laid  upon  their  sor- 
faees  the  usual  coatings  of  bearw, 
or  other  fur,  when  so  prepared  they 
are  to  be  placed  between  hair  ek»t^ 
and  these  hair  cloths  fokled  withia 
a  canrass  or  other  suitable  wrapper.  Three  or  more  hats  being  thus  enclosed  in  eash 
wrapper,  the  packages  are  severally  pot  into  bags  or  pockets  in  an  endless  band  of  sack- 
cloth, or  other  suitable  material ;  which  endless  baad  is  eitended  OTcr  the  lantern  rollers 
in  the  machine. 

In  the  first  instance,  for  the  purpose  of  merely  attaching  the  furs  to  the  fehs  (which  is 
called  slickinfT,  when  performed  by  hand),  Mr.  Carey  prefers  to  pass  the  endless  band  Ariric; 
with  the  covered  hat  bodies,  over  the  upper  series  /  / /,  of  the  lantern  rollers,  in  order 
to  avoid  the  inconvenience  of  disturbing  the  fur,  which  mi?ht  occur  from  subjeetinc  then 
to  immersion  in  the  solution  contained  in  the  pan,  before  the  fur  had  become  attached  ta 
the  bodies. 

AHer  this  operation  of  slicking  has  been  effected,  he  distends  the  endless  band  kkk^ 
over  the  lower  series  of  lantern  rollers  e  e  e,  and  round  a  carrier  roller  /,  as  shown  tnjig 
542 ;  and  having  withdrawn  the  hat  bodies  for  the  purpose  of  examining  them,  and  chan?- 
ing  their  folds,  he  packs  them  again  in  a  similar  way  in  flannel,  or  other  suitable  ck>ihSr 
and  introduces  them  into  the  pockets  or  bags  of  the  endless  bands,  as  before. 

On  putting  the  machinery  in  rotatory  motion  in  the  way  described,  the  hats  will  be 
carried  along  through  the  apparatus,  and  subjected  to  the  scalding  foluiioa  in  the  pan,  ts 
also  to  the  pressure,  and  to  a  tortuous  action  between  the  ribs  of  the  lantern  rollrrs,  as  the^ 
revolve,  which  will  cause  the  ends  of  the  fur  to  work  into  the  felled  bodies  of  the  bati, 
and  by  that  means  permanently  to  attach  the  nap  to  the  body ;  an  operation  which,  when 
performed  by  hand,  is  called  rolling  off. 

The  improved  stiffening  for  hat  bodies  proposed  by  Mr.  Blades,  ander  his  paleal  af 
January,  1828,  consists  in  making  his  solution  of  shellac  in  an  alkaline  ley,  instead  of 
spirits  of  wine,  or  pyroxylic  spirit,  vulgarly  called  naptha. 

He  prepares  his  wnier-proof  slilfening  by  mixing  18  pounds  of  shellac  with  I)  ponadt 
of  salt  of  tartar  (carbonate  of  potash),  and  5}  gallons  of  water.  These  materials  are  to 
be  put  into  a  kettle,  and  made  to  boil  gradually  until  the  lac  is  dissolved;  when  the 
liquor  will  become  as  clear  as  water,  without  any  scum  upon  the  top,  and  if  \t(i  to 
cool,  will  have  a  thin  crust  upon  its  surface  of  a  whitish  cast,  mixed  with  the  light  im- 
purities of  the  gum.  When  this  skin  is  taken  off,  the  hat  body  is  to  be  dipped  iato 
the  mixture  in  a  cold  state,  so  as  to  absorb  as  much  as  possible  of  it ;  or  it  may  be 
applied  with  a  brush  or  sponge.  The  hat  body,  being  thus  stiffened,  may  staad  till  it 
become  dry,  or  nearly  so ;  and  after  it  has  been  brushed,  it  must  be  immersed  in  very 
dilute  salphnric  or  acetic  acid,  in  order  to  nentraliie  the  potash,  and  cnuae  Ihe  sheUae  is 
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MU  If  the  htts  arr  not  to  be  napped  immediately,  they  may  be  thrown  into  a  eistern  of 
pore  water,  and  taken  out  as  wanted. 

Should  the  hat  bodies  have  been  worked  at  first  with  sulphnric  acid  (as  nsaal),  they 
nraat  be  soaked  in  hot  water  to  extract  the  acid,  and  dried  before  the  sliflening  is  applied: 
care  beinsr  taken  that  no  water  falls  upon  the  stiffened  body,  before  it  has  been  immersed 
in  the  acid. 

This  ingenious  chemical  process  has  not  been,  to  the  best  of  my  knowledge,  intro- 
dsced  into  the  hat  manufoclure.  A  varnish  made  by  dissolving  shellac,  mastic,  sand* 
«nch,  and  other  restns  in  alcohol,  or  the  naplha  of  woiod  vinegar,  is  generally  employed 
•fl  the  stiffening  and  water-proof  ingredient  of  hat  bodies.  A  solution  of  caoutchouc  is 
<iAen  apiiiied  to  wha4ebone  and  horse-hair  hat  bodies. 

The  followinir  recipe  has  been  prescribed  as  a  Kood  composition  for  stiffening  hats; 
Ibor  parts  of  shellac,  one  part  of  mastic,  one  half  of  a  part  of  turpentine,  dissolved  in 
five  parts  of  alcohol,  by  aeitation  and  subsequent  repose,  without  tlte  aid  of  heat.  This 
«liffenia«  varnish  should  be  applied  quickly  to  the  body  or  foundation  with  a  sofi  ob- 
lonx  brush,  in  a  dry  and  rather  warm  workshop ;  the  hat  being  previously  fitted  with  its 
inside  turned  outwards  upon  a  block.  The  body  must  be  immediately  aAerwards  taken 
off,  to  prevent  adhesion. 

Hat-Dyeing. — The  ordinary  bath  for  dyeing  hats,  empk>yed  by  the  London  manufacturers, 
coDsists,  for  12  dozen,  of—-  • 

144  pounds  of  logwood  ; 

12  pounds  of  green  sulphate  of  iron,  or  copperas; 
74  pounds  of  verdigris. 
The^pper  is  usually  made  of  a  semi-cynndrieal  shape,  and  should  be  surrounded  with 
«n  iron  jacket  or  case,  into  which  steam  may  be  admitted,  so  as  to  raise  the  temperature 
of  the  interior  bath  to  190°  F.,  but  no  higher,  otherwise  the  heat  is  apt  to  affect  the 
stiffening  varnish,  called  the  eum,  with  which  the  body  of  the  hat  has  been  imbued. 
The  logwood  having  been  introduced  and  digested  for  some  time,  the  copperas  and 
Terdignis  are  added  in  successive  quantities,  and  in  the  above  proportions,  ak>ng  with 
every  successive  two  or  three  dozens  of  hats,  suspended  upon  the  dippine  machine. 
Each  set  of  hats,  after  being  exposed  to  the  bath  with  occasional  airings  during  40 
minntes,  is  taken  off  the  pegs,  and  laid  out  upon  tlie  ground  to  be  more  completely 
blaekeaed  by  the  peroxydizement  of  the  iron  with  the  atmospheric  oxyeen.  In  3  or  4 
honre  the  dyeing  is  completed.  When  fully  dyed,  the  hats  are  well  washed  in  running 
water. 

Mr.  Buffum  states  that  there  are  four  principal  objects  accomplisiied  by  his  patent  inven- 
tion lor  dyeing  hats. 

1.  in  the  operation  ; 

2.  the  production  of  a  better  color ; 

3«  the  prevention  of  any  of  the  damages  to  which  hats  are  liable  in  the  dyeinf ; 

4.  the  accomplishment  of  the  dyeing  process  in  a  much  shorter  lime  than  by  the  usual 
methods,  and  consequently  lessening  the  injurious  effects  of  the  dye-bath  upon  the  texture 
of  the  hat. 

Fig»  544  shows  one  method  of  constructing  the  apparatus,    a  a  is  a  semi-cylindrical 


shaped  copper  vessel,  with  flat  ends,  in  which  the  dyeinw  process  is  carried  on.  6  6  6  is 
a  wheel  wiih  several  circular  rims  mounted  upon  arms,  which  revolve  upon  an  axle  c. 
In  the  face  of  tliese  rims  a  number  of  pegs  or  blocks  are  set  at  nearly  equal  distances 
npnrt,  upon  each  of  which  pegs  or  blocks  it  is  intended  \<o        ^  wKed 
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Kfohei^  to  pM  H  imo  ud  oat  of  the  djefaur  Uqior  in  Ow  fat  or  vappu,  ThSB 
My  be  kept  revolTing  with  a  very  flow  moiio;  eitkar  hf  gear  wwmwtiag  ili  ail^i^ 
whk  aay  momg  power,  or  it  may  be  tamed  roaad  by  haad,  at  iaiervali  of  tea  niaM; 
wbereby  the  hau  hang  opoo  the  pegs,  will  be  alleraately  imniencd  for  the  apace  efm 
miaatet  in  the  dyeing  liqaory  and  then  for  the  tame  tpaca  eipeaed  to  tte  aaaMahnie 
air.  In  this  way,  the  procete  of  dyeing,  it  ii  tappoead,  mmj  be  greatly  liMilitalai  aiA 
impioTed,  n  the  oceasiooal  transition  from  the  dye  fat  iato  the  aify  aad  lhaa  iht  m 
agaia  into  the  bath,  wilt  enable  the  oiygen  of  the  atnoepbare  to  strike  the  dye  aere  y» 
Aetly  and  expeditiously  into  the  niaterials  of  which  the  hat  k  compoicd^  thao  bf  a  coadaHl 
immersioa  ia  the  bath  for  t  moch  kmger  time. 
A  TariatioB  ia  the  mode  of  performing  thii  praeen  k  taggested,  aad  tke  appmaMi 

e.  545  is  proponed  to  be  employed,   ma  it  asqaare  vat  or  fessel  eoatalaiac  tbedydig 
rar ;  i  i  is  a  frame  or  rack  having  a  anmber  of  pegs  placed  ia  it  C»r  hangiay  ihe 
apon,  which  are  about  to  be  dyed,  ia  a  maaaer  similar  to  the  wheal  above  descfM> 
Tliis  frame  or  reek  is  saspended  by  cords  fkom  a  ereae,  and  amy  ia  that  wmf  be  kwenl 
•  dowB  with  the  hats  into  Ihe  fat,  or  dnwa  ap  and  exposed  ia  theair  i  chaagea  wlaeh  wt9 
be  made  erery  10  or  20  mhrates. 

I  have  seen  apparetns  of  this  kiad  doiag  good  work  in  the  hat-dydmg  maanftdm 
of  London,  that  being  a  departmeatof  the  bnsiaeas  with  which  the  Uakm  haa  aot  thoq^ 
it  worth  their  while  to  interfere. 

Mr.  William  Hodge's  pateat  tmprofcmeats  ia  hat  dyeiag,  partly  fbaoded  apoa  an 
iafention  of  Mr.  Bowler,  consist,  first  ia  eaasia^  cfery  akeraate  frame  to  which  the 
sospeaders  or  bfecks  are  to  be  attached,  to  slide  w  aad  oot  of  grooves,  for  the  parpme 
548  Mi  ACT  of  more  easily  renofiag  svi 

snspeadcn  when  required.  Fif* 
546  represents  the  tmprorcd  dy^ 
iag  frame,  coosiKinc  of  two  dr- 
cidar  rims,  a  a,  which  are  coa- 
aectcd  together  at  top  aad  boOom, 
by  three  fixed  perpcndienfav  bsii 
or  the  frame-work  b  h  h,  Tvo 
other  perpendienlar  inuaes  e 
similar  to  the  fonner,  slide  is 
grooves,  ddddj  fixed  to  the  npper 
and  lower  rims.  These  irrooTes 
hare  anti-friction  rollers  in  them, 
for  the  purpose  of  makinj;  the 
frames  c  c,  to  slide  in  and  oat 
more  freely.  The  suspenders  or 
substitutes  for  blocks,  by  these 
means,  may  be  more  easily  eot  it 
by  drawing  oat  the  fi-ames  c  r, 
about  half  way,  when  the  suspend- 
ers, which  are  attachetl  to  the 
frames  with  the  hats  upon  (hen^ 
may  be  easily  reached,  aixJ  either 
removed  or  altered  in  position: 
and  when  it  is  done  on  one  side,  the  sliding  frame  may  be  brought  out  on  the  other,  and 
the  remaining  quantity  of  "suspenders"  undergo  the  same  operation. 

The  patentee  remarks,  that  it  is  well  known  to  all  hat  dyers,  that  after  the  bats  hare 
been  in  the  dyeing  liquor  some  time,  they  ou^ht  lo  be  taken  out  and  exposed  to  the 
action  of  the  atmospheric  air,  when  they  are  attain  immersed  in  the  copper,  that  part  of 
the  hat  which  was  uppermost  in  the  first  immersion,  being  placed  downwards  in  the 
second.  This  is  done  for  the  purpose  of  obtaining  a  uniform  and  regular  dye.  The 
patentee's  mode  of  carrying  this  operation  into  effect,  is  shown  in  the  fissure :  #  <  are 
pivots  for  the  dyeing-frame  to  turn  upon,  which  is  supported  by  the  arms  /,  from  a  crane 
above.  The  whole  apparatus  may  be  raised  up  or  lowered  into  the  copper  by  means  of 
the  crane  or  other  mechanism.  When  the  dyeing-frame  is  raised  out  of  the  copper,  the 
whole  of  the  suspenders  or  blocks  are  reversed,  by  tuning  the  apparatus  over  upon  the 
pivots  e  e,  and  thus  the  whole  surfaces  of  the  bats  are  equally  acted  upon  by  the  dyeing 
material. 

It  should  be  observed,  that  when  the  dyeing-frame  is  raised  up  out  of  the  copper,  it 
should  be  tilted  on  one  side,  so  as  to  make  all  the  liquor  run  out  of  the  hats,  as  also  to 
cause  the  rims  of  the  hats  to  hang  down,  and  not  stick  to  the  body  of  the  hat,  or  leare 
a  bad  place  or  uneven  dye  upon  it.  The  second  improvement  described  by  the  patentee, 
M  the  construction  of  "suspenders,"  to  be  sabstituted  instead  of  the  ordinary  btocks. 
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These  **  suspenders''  are  composed  ot  thin  plates  of  copper,  bent  into  the  required 
fivm,  that  is,  nearly  resembling  that  of  a  hat  block,  and  mtde  in  such  a  manner  as  to  ^ 
eftpable  of  contraclion  and  expansion  to  suit  different  sized  hats^nd  keep  then 
distended,  which  may  be  altered  by  the  workmen  at  pleasure,  when  it  is  required  to 
place  the  hats  upon  them,  or  remove  them  therefrom.  The  dyeing-frame  at  Jig.  546  is 
■lumn  with  only  two  of  these  suspenders,"  in  order  to  prevent  confusion.  One  of  these 
suspenders  is  represented  detached  at  fig,  547,  which  exhibits  a  skle  view ;  and  fig.  548 
•  front  view  of  the  same.  It  will  be  seen  by  reference  to  the  figure,  that  the  suspenders 
eoDsist  of  two  distinct  paru,  which  may  be  enlarged  or  collapsed  by  a  variety  of  means, 
and  which  means  may  be  suggested  by  any  competent  mechanic.  The  two  parts  of  ths 
suspenders  are  proposed  to  be  connected  together  by  arms  g  g,  and  at  the  junction  of 
these  arms  a  key  is  connected  for  turning  them  ronnd  when  required.  It  will  be  seen  on 
reference  to  the  front  view,  fig.  548,  that  the  suspenders"  or  substitutes  for  blocks,  are 
open  at  the  top  or  crown  part  of  the  hat;  this  is  for  the  porpose  of  allowing  the  dyeing 
liqnor  to  penetrate. 

From  the  mixture  of  copperas  and  verdisris  employed  in  the  hat-dye,  a  vast  quantity 
of  an  ochreous  muddy  precipitate  results,  amounting  to  no  less  than  25  per  cent,  of  the 
weight  of  the  copperas.  This  iron  mud  forms  a  deposite  upon  the  hats,  which  not  only 
corrodes  the  fine  filaments  of  the  beaver,  but  causes  both  them  and  the  felt  stuff  to  turn 
speedily  of  a  rusty  brown.  There  is  no  process  in  the  whole  circle  of  our  manufactures 
so  barbarous  as  that  of  dyeing  stuff  hats.  No  ray  of  chemical  science  seems  hitherto  to 
have  penetrated  the  dark  recesses  of  their  dye  shops.  Some  hatters  have  tried  to  remove 
this  corrosive  brown  ochre  by  a  bath  of  dilute  sulphuric  acid,  and  then  counteract  the 
evil  effect  of  the  acid  upon  the  black  dye  by  an  alkaline  bath  ;  but  with  a  most  unhappy 
effect.  Hats  so  treated  are  most  deceptions  and  unprofitable;  as  they  turn  of  a  dirty 
blown  hue,  when  exposed  for  a  few  weeks  to  sunshine  and  air. 

HEALDS,  is  the  harness  for  guiding  the  warp  threads  in  a  loom ;  that  is,  for  liAing  a 
certain  number  of  them  alternately  to  open  the  shed,  and  afford  passage  to  the  decussat- 
ing  weft  threads  of  the  shuttle.   See  Weaving. 

HEARTH  {Foyer,  Fr. ;  Heerdty  Germ.)  is  the  flat  or  hollow  space  in  a  smelting  fur- 
nace upon  which  the  ore  and  fluxes  are  subjected  to  the  influence  of  flame.  See  Coppkb, 
ImoM,  Metallurgy,  &c. 

HEAT,  is  that  power  or  essence  called  caloric,  the  discussion  of  whose  habitudes  with 
the  different  kinds  of  matter  belongs  to  the  science  of  chemistry. 

HEAT-REGULATOR.  The  name  given  by  M.  Bonnemain  to  an  ingenious  apparatus 
for  regulating  the  temperature  of  his  incubating  stove  rooms.  See  Incubation,  Abti- 
FiciAL,  fur  the  manner  of  applying  the  Heat-Regulator. 

The  construction  of  the  regulator  is  founded  upon  the  unequal  dilatation  of  different 
metals  by  the  same  degree  of  heat.   A  rod  of  iron  x,  fig.  549,  is  tapped  at  its  lower 

end  into  a  brass  nut  y,  enclosed  in 
a  leaden  box  or  tube,  terminated 
above  by  a  brasis  collet  z.  This 
tube  is  plunged  into  the  water  of 
the  boiler,  alongside  of  the  smoke- 
pipe.  {Fig.  549*  is  a  bird's-eye 
view  of  the  dial,  &c.)  The  ex- 
pansion of  the  lead  being  more 
than  the  iron  for  a  like  degree  of 
temperature,  and  the  rod  enclosed 
within  the  tube  being  less  easily 
warmed,  whenever  the  heat  rises  to 
the  desired  pitch,  the  elongation 
of  the  tube  puts  the  collet  r  ia 
contact  with  the  heel  a,  of  the 
bent  lever  a,  6,  d ;  thence  the 
slightest  increase  of  heat  lengthens  the  tube  anew,  and  the  collet  lif\ing  the  heel  of 
the  lever  depresses  its  other  end  d  through  a  much  greater  space,  on  account  of  the 
relative  lengths  of  its  le?s.  This  movement  operates  near  the  axis  of  a  balance-bar  «, 
sinks  one  end  of  this,  and  thereby  increases  the  extent  of  the  movement  which  is  trans- 
mitted directly  to  the  iron  skewer  v.  This  pushing  down  a  swing  register  diminishes 
or  cuts  off  the  access  of  air  to  the  fire-place.  The  combustion  is  thereby  obstructed,  and 
the  tempeiaiure  falline  by  deirrees,  the  tube  shrinks  and  disengages  the  heel  of  the  lever. 
The  counterpoise  g,  fixed  to  the  balance  beam  e,  raises  the  other  extremity  of  this  beam, 
by  raising  the  enil  d  of  the  lever  as  much  as  is  necessary  to  make  the  heel  bear  upon 
the  collet  of  the  tube.  The  swin«  register  acted  upon  by  this  means,  presenU  a  greater 
section  to  the  passage  of  the  air ;  whence  the  combustion  is  increased.   To  counter- 
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Wlance  the  effect  of  mtmospheric  chanfres,  the  iron  stem  whieh  supports  the  re^lator  ii 
terminated  by  a  dial  di^c,  ruund  the  shaft  of  the  needle  above  A,  ySf .  549* ;  on  tamiif 
this  needle  the  stem  below  it  turns,  as  well  as  a  screw  at  its  under  end,  which  raises  or 
lowers  the  leaden  tube.  In  the  first  case,  the  heel  falls,  and  opens  the  swina:  recistv, 
whence  a  higher  temperature  is  required  to  shot  it,  by  the  expansioa  of  the  tnbe.  We 
nay  thus  obuin  a  regularly  hif(her  temperature.  If,  on  the  contrary,  we  raise  the  tnhe 
by  turning  the  needle  in  ihe  other  direction,  the  register  presents  a  smaller  opening,  aal 
shuts  at  a  lower  temperature ;  in  this  case,  we  obtain  a  regularly  lower  temperature.  It 
is  therefore  ea^y,  says  M.  Bonnemain,  to  determine  a  priori  the  desree  of  temperature  ts 
be  given  to  the  water  circulatine  in  the  rtove  pipes.  In  order  to  fflcilitate  the  rrculatioa 
of  the  apparatus,  he  graduated  the  disc  dial,  and  inscribed  upon  its  top  and  bintoB  the 
wonls,  Strong  and  Weak  heat.    See  Thermostat,  for  another  HEAT-RKCULAToa. 

HKAVY  SPAH,  sulphaie  of  Baryta,  or  Cawk  (l^tk  pesan/,  Fr.;  Sckwertpaih, 
Germ.),  is  an  abundant  mineral,  which  accompanies  veins  of  lead,  silver,  mercury,  Ice, 
but  is  oAen  found,  also,  in  large  masses.  lis  color  is  usually  white,  or  flesh-colored.  It 
•ecurs  in  many  crystalline  forms,  of  which  the  cleavage  is' a  right  rhombuidal  prism.  It 
Is  met  with  also  of  a  fibrous,  radiated,  and  granular  structure.  Its  spec.  ^rav.  varia 
from  4- 1  to  4*6.  It  has  a  strong  lustre,  between  the  fatty  and  the  vitiecios.  It  melts  at 
35"  Wedgcw.  into  a  white  opaque  enamel.  Its  constituents  are  65*63  baryta,  and  34*37 
salphuric  acid.  It  is  decomposed  by  calcination  in  contact  with  charcoal  at  a  white  heat, 
into  solphuret  of  baryta;  from  which  all  the  baryta  salts  may  be  readily  formed.  Its 
chief  employment  in  commerce  is  for  adulterating  white  lead ;  a  purpose  which  it  readily 
serves  on  account  of  its  density.  Its  presence  here  is  easily  detected  by  dilute  nitric  add, 
which  dissolves  the  carbonate  of  lead,  and  leaves  the  heavy  spar.  It  is  also  a  nsefal  in- 
gredient in  some  kinds  of  pottery  and  glass. 

HECKLE  (Serariy  Fr. ;  Hechd,  Germ.)  is  an  implement  for  dissevering  the  filameals 
of  flui,  ami  lay  ins;  them  in  parallel  strides  or  tresses.   See  Flax. 

HELIOTROPE  is  a  variety  of  jaspar,  mixed  with  chlorite,  green  earth,  aad  disl- 
lage;  occasionally  marked  with  blood-red  points;  whence  its  vulgar  name  of  Uooi- 
ttone. 

HEMATINE  is  the  name  ffiven  by  its  discoverer  Chevreul  to  a  crystalline  snbstance, 
of  a  pale  pink  color,  and  brilliant  lustre  when  viewed  in  a  lens,  which  he  extracted  from 
logwoo<l,  the  hamatoxylon  Campechianum  of  botanists.    It  is,  in  fact,  the  characteristic 

principle  of  this  dye-wood.  To  procure  hematine,  digest  dnrins  a  few  hours  ground  kig- 
wo(Ki  in  water  healed  to  a  temperature  of  about  130°  F.;  filter  the  liquor,  evaporate  it  to 
dryness  by  a  steam  bath,  and  i>ui  ihe  extract  in  alcohol  of  0*835  for  a  day.  Then  filter 
anew,  and  after  havins;  inspissated  the  alcoholic  solution  by  evaporation,  pour  into  it 
a  little  water,  evaporate  s:enlly  a?ain,  and  then  leave  it  to  itself  in  a  cool  place.  In  this 
way  a  considerable  quantity  of  crystals  of  hematine  will  be  obtained,  which  may  be 
readily  purified  by  washing  with  alcohol  and  drying. 

When  subjected  to  dry  distillation  in  a  retort,  hematine  affords  all  the  usual  products  of 
vegetable  bodies,  along  with  a  little  ammonia ;  wl\ich  proves  the  presence  of  azote. 
Boiline  water  dissolves  it  abundantly,  and  assumes  an  orange-red  color,  which  passes 
into  yellow  by  cooling,  but  becomes  red  asain  with  heat.  Sulphurous  acid  destroys  the 
color  of  solution  of  hematine.  Potash  and  ammonia  convert  into  a  dark  purple-red  tint, 
the  pale  solution  of  hematine  ;  when  these  alkalis  are  added  in  large  quantity,  they 
make  the  c(»lor  violet  blue,  then  brown-red,  and  lastly  brown-yellow.  By  this  time,  the 
hematine  has  become  decomposed,  and  cannot  be  restored  to  its  pristine  state  by  neutral- 
izini?  the  alkalis  with  acids. 

The  waters  of  bar>'ta,  strontia,  and  lime  exercise  an  analogous  power  of  decomposition  ; 
but  they  eventually  precipitate  the  chaneed  coloring  matter. 

A  red  solution  of  hematine  subjected  to  a  current  of  sulphureted  hydrogen  becomes 
yellow ;  but  it  resumes  its  original  hue  when  the  sulphureted  hydrogen  is  removed  by  a 
little  potash. 

The  proloxyde  of  lead,  the  protoxyde  of  tin,  the  hydrate  of  peroxyde  of  iron,  the  hy- 
drate of  oxydes  of  copper  and  nickel,  oxyde  of  bismuth,  combine  with  hematine,  and 
color  ii  blue  with  more  or  less  of  a  violet  cast. 

Hematine  precipitates  glue  from  its  solution  in  reddish  flocks.  This  substance  has  not 
hitherto  been  employed  in  its  pure  state;  but  as  it  constitutes  the  active  principle  of 
logwood,  it  enters  as  an  ingredient  into  all  the  colors  made  with  that  dye  stuff. 

These  colors  are  principally  violet  and  black.  Chevreul  has  proposed  hematine  as  an 
excellent  lest  of  acidity. 

HEMATITE  (Fer  OligUU,  Fr. ;  Rotheiienstein,  Germ.)  is  a  native  reddish-brown  per- 
oxyde of  iron,  consisting  of  oxygen  30*66  ;  iron  60*34.  It  is  the  kidney  ore  of  Cumber- 
land, which  is  smelted  at  Ulverstone  with  charcoal,  into  excellent  steel  iron. 

HEMP  {Chanvre,  Fr. ;  Hanf,  Germ.)  is  the  fibrous  rind  of  the  bark  of  the  coana- 
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6it  sativaf  vbieh  is  spnn  into  strands  or  ytm  for  making  rope«,  sail-doth,  &e.  It  is 
prefmred  for  spinning  in  the  same  way  as  flax,  which  see.  Hemp-utd  contains  an  oil 
which  is  employed  for  making  soft  soap,  for  painting,  and  for  baming  in  lamps.  Sec 

Importation  of  undressed  hemp  for  home  consumption ;  and  amount  of  duty,  in 

1837.  1838.     .  1837.  1838. 

Cwts.  596,994-3.      |      667,017.     |      £2487.      |  £2780 

HEPAR,  which  signifies  liver  in  Latin,  was  a  name  friven  by  the  older  chemiists  to 
some  of  those  compounds  of  sulphur  with  the  metals  which  had  a  liver-brown  color. 
Thus  the  sulphuret  of  potassium  was  called  liver  of  sulphur. 

HEPATTC  AIR;  solphureted  hydrogen  «8b. 

HERMETICAL  SEAT«,  is  an  expression  derived  from  Hermes,  the  fabulous  pa- 
rent of  Egyptian  chemistry,  to  designate  the  perfect  stoppage  of  a  hollow  vessel,  by  the 
cementing  or  melting  of  the  lips  of  its  orifice ;  as  in  the  case  of  a  glass  thermometer, 
or  wa trass. 

HIDE  (Peau,  Fr. ;  Hauty  Germ.),  the  strong  skin  of  an  ox,  horse,  or  other  large  ani- 
mal.  Sec  Leather. 

Importation  of  untanned  hides  for  home  consumption ;  and  amount  of  duty,  in 

'l837.  1838.  1837.  1838. 

332,877.      I     301,890.      |     £46,190.      I  £36,647. 

HIRCINE;  from  hircut^^  ram;  is  the  name  given  by  Chevreul  to  a  liquid  fatty 
substance,  which  is  mixed  with  the  oleine  of  mutton  suet,  and  gives  it  its  peculiar  rank 
smell.  Hircine  is  much  more  soluble  in  alcohol  than  oleine.  It  produces  hircic  acid  by 
sapnnifi  cation. 

HOG'S  LARD;  see  Fats. 

HONEY  (Jfe/,  Fr. ;  Honif[,  Germ.)  is  a  sweet  viscid  liquor,  elaborated  by  bees  from 
the  sweet  juices  of  the  nectaries  of  flowers,  and  deposited  by  them  in  the  waxen  cells  of 
their  combs.  Virgin  honey  is  that  which  spontaneously  flows  with  a  very  gentle  heat  from 
the  comb,  and  common  honey  is  that  which  is  procured  by  the  joint  agency  of  pressure 
and  heat.  The  former  is  whitish  or  pale  yellow,  of  a  granular  texture,  a  fraerant  smdl, 
and  a  sweet  slightly  punsent  taste;  the  latter  is  darker  colored,  thicker,  and  not  so  agree- 
able either  in  taste  or  smell.  Honey  would  seem  to  be  merely  collected  by  the  bees,  for 
it  consists  of  merely  the  vegetable  products ;  such  as  the  suears  of  grape,  gum,  and  man- 
na ;  alons  with  mncilase,  extractive  matter,  a  little  wax,  and  acid. 

HONEY-STONE  (MeUiie,  Fr.;  Honit[n1tmy  Germ.)  is  a  mineral  of  a  yellowish  or  red- 
dish color,  and  a  resinous  aspect,  crystallizing  in  octahedrons  with  a  square  ba«e ;  speci- 
fic gravity  1*58.  It  is  harder  than  gypsum,  but  not  so  hard  as  cnlc-spar;  it  is  deeply 
scratched  by  a  steel  point ;  very  brittle ;  affords  water  by  calcination ;  blackens,  then 
burns  at  the  flame  of  the  blowpipe,  and  leaves  a  white  residuum  which  becomes  bine, 
when  it  is  calcined  after  having  been  moistened  with  a  drop  of  nitrate  of  cobalt.  It  is  a 
mcllate  of  alumina,  and  consists  of : 

Klftproth.  Wohler. 
Melliticacid  -      46  44*4 

Alumina  -  -  -  16  14*5 
Water       ...      38  4M 

100  100-0 

The  honey-stone,  like  amber,  belongs  to  the  geological  formation  of  lignites.  It  has 
been  hitherto  found  clearly  in  only  one  locality,  at  Artem  in  Thuringia. 

HOP  (Houblon,  Fr. ;  Hop/en,  Germ.)  is  the  name  of  a  well-known  plant  of  the 
natural  family  of  Urtics,  and  of  the  dioecia  pentandria  of  Linnseus.  The  female  flow- 
ers, placed  upon  diflferent  plants  from  the  male,  ffrow  in  ovoid  cones  formed  of  oval  leafy 
scales,  concave,  imbricated,  containing  each  at  the  base  an  ovary  furnished  with  two 
tubular  open  styles,  and  sharp  pointed  stiffmata.  The  fruit  of  the  hop  is  a  small 
rounded  seed,  slightly  compressed,  brownish  colored,  enveloped  in  a  scaly  calyx,  thin 
but  solid,  which  contains,  spread  at  its  base,  a  granular  yellow  substance,  appearing  to 
the  eye  like  a  fine  dust,  but  in  the  microscope  seen  to  be  round,  yellow,  transparent 
grains;  deeper  colored,  the  older  the  fruit.  This  secretion,  which  constitutes  the  useful 
portion  of  the  hop,  has  been  examined  in  succession  by  Ives,  Planche,  Payen,  and  Chera* 
Uer.  I  have  given  a  pretty  full  account  of  the  results  of  their  researches  in  tretttag  of 
the  hop,  under  the  article  Bxeiu 
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HORDEINE  is  the  name  givea  by  Proast  to  tbe  peeuliftr  tturdiy  matter  of  baiiey.  B 
aeems  to  be  a  mixture  of  the  stardi,  ligoioe,  and  haaka,  which  constilntes  barley  meaL 
See  Bkkr. 

HORN  (Eng.  and  Germ. ;  Conu,  Fr.),  particnltrly  of  oxen,  cows,  goats,  and  sheep^ii 
a  substance  soft,  tough,  semi-transparent,  and  susceptible  of  being  cat  and  pressed  iato  a 
irarieiy  of  forms ;  it  is  this  property  that  distinguishes  it  from  bone.  Tnrtle  or  tortoise 
fhell  seems  to  be  of  a  nature  similar  to  hom,  but  instead  of  being  of  a  uniform  eolor,  it 
is  variegated  with  spots. 

These  valuable  properties  render  horn  susceptible  of  being  employed  in  a  variety 
of  works  fit  for  the  turner,  snuff-box,  and  comb  maker.  The  means  of  soAeaiag 
the  hom  need  not  be  described,  as  it  is  well  known  to  be  by  heat ;  but  those  of  cnttiag, 
polishini^,  and  solderine  it,  so  as  to  make  the  plates  of  large  dimensions,  suitable  to 
form  a  variety  of  articles,  may  be  detailed.  The  kind  of  horn  to  be  preferred  is 
that  of  goats  and  sheep,  from  its  being  whiter  and  more  transparent  than  the  hon 
of  any  other  animals.  When  horn  is  wanted  in  sheets  or  plates,  it  must  be  steeped 
in  water,  in  order  to  separate  the  pith  from  the  kernel,  for  about  fiAeen  days  in  saa- 
mer,  and  a  month  in  winter ;  and  aAer  it  is  soaked,  it  must  be  taken  out  by  one  ead, 
well  shaken  and  rubbed,  in  order  to  get  off  the  pith ;  after  which  it  must  be  pat  for 
half  an  hour  into  boiling  water,  then  taken  out,  and  the  surface  sawed  even,  leagth- 
ways ;  it  must  again  be  put  into  the  boiling  water  to  soflen  it,  so  as  to  render  it  capable 
of  separating ;  then,  with  the  help  of  a  small  iron  chisel,  it  can  be  divided  into  sheets  or 
leaves.  The  thick  pieces  will  form  three  leaves,  thoae  which  are  thin  will  form  oaly 
two,  whilst  young  horn,  which  is  only  one  quarter  of  an  inch  thick,  will  form  only  oae. 
These  plates  or  leaves  must  again  be  put  into  boiling  water,  and  when  they  are  sufSeiently 
soft,  they  must  be  scraped  with  a  sharp  cutting  instrument,  to  render  those  parts  that  are 
thick  even  and  uniform ;  they  mast  be  pat  once  more  into  the  boiling  water,  and  iiaally 
carried  to  the  press. 

At  the  bottom  of  the  press  employed,  there  mast  be  a  strong  blodc,  in  which  ii 
formed  a  cavity,  of  nine  inches  square  and  of  a  proportionate  depth ;  the  sheets  of  hon 
are  to  be  laid  within  this  cavity,  in  the  following  manner  at  the  bottom  :  first  a  sheet  of 
hot  iron,  upon  this  a  sheet  Of  horn,  next  again  a  sheet  of  hot  iron,  and  so  on,  taking  can 
to  place  at  the  top  a  plate  of  iron  even  with  the  last.  The  press  must  then  be  screwed 
down  tight. 

There  is  a  more  expeditious  process,  at  least  in  part,  for  reducing  the  hom  tsto 
sheets,  when  it  is  wanted  very  even.  After  having  sawed  it  with  a  very  fine  and  sharp 
saw,  the  pieces  must  be  put  into  a  copper  made  on  purpose,  and  there  boiled,  until  svfr 
eiently  soft,  so  as  to  be  able  to  split  with  pincers ;  the  sheets  of  horn  must  then  be  pat  is 
the  press,  where  they  are  to  be  placed  in  a  strong  vice,  the  chaps  of  which  are  of  iron 
and  larger  than  the  sheets  of  horn,  and  the  vice  must  be  screwed  as  quick  and  tight  is 
possible ;  let  them  cool  in  the  press  or  vice,  or  it  is  as  well  to  plunge  the  whole  into  cold 
water.  The  last  mode  is  preferable,  because  the  hom  does  not  shrink  in  cooling.  Now 
draw  out  the  leaves  of  horn,  and  introduce  other  hom  to  undergo  the  same  process. 
The  horn  so  enlarged  in  pressing,  is  to  be  submitted  to  the  action  of  the  saw,  which 
ought  to  be  set  in  an  iron  frame,  if  the  horn  is  wanted  to  be  cut  with  advantage,  is 
•heets  of  any  desired  thickness,  which  cannot  be  done  without  adopting  this  mode.  The 
thin  sheets  thus  produced  must  be  kept  constantly  very  warm  between  plates  of  hot 
iron  to  preserve  their  softness;  every  leaf  being  loaded  with  a  weieht  heavy  enoash  to 
prevent  its  warpin?.  To  join  the  edges  of  these  pieces  of  horn  together,  it  is  necessary 
to  provide  strong  iron  moulds  suited  to  the  shape  of  the  article  wanted,  and  to  place  the 
pieces  in  contact  with  copper-plates  or  with  polished  metal  surfaces  against  them  ;  whea 
this  is  done,  the  whole  is  to  be  put  into  a  vice  and  screwed  up  tight,  then  plunged  into 
boiling  water,  and  after  some  time  it  is  to  be  removed  from  thence  and  immersed  in  cold 
water.  The  edges  of  the  horn  will  be  thus  made  to  cement  together  and  become  perfect- 
ly united. 

To  complete  the  polish  of  the  horn,  the  surface  must  be  rubbed  with  the  subnitrate  of 
bismuth  by  the  pnlm  of  the  hand.  The  process  is  short,  and  has  this  advantage,  that  it 
makes  the  horn  dry  promptly. 

When  it  is  wished  to  spot  the  horn  in  imitation  of  tortoise-shell,  metallic  solutions 
must  be  employed  as  follows  : — To  spot  it  red,  a  solution  of  gold,  in  aqua  regis,  roust  be 
employed ;  to  spot  it  black,  a  solution  of  silver  in  nitric  acid  must  be  used ;  and  for 
brown,  a  hot  solution  of  mercury  in  nitric  acid.  The  right  side  of  the  bora  must  be 
impregnated  with  these  solutions,  and  they  will  assume  the  colors  intended.  The 
brown  spots  can  be  produced  on  the  hom  by  means  of  a  paste  made  of  red  lead,  with  a 
aolution  of  potash,  which  must  be  put  in  patches  on  the  hom,  and  subjected  some  time  to 
the  action  of  heat.  The  deepness  of  the  brown  shades  depends  npon  the  quantity  of 
potash  used  In  the  paste,  and  the  length  of  time  the  mixture  Net  on  the  hom.  A  de> 
neUon  of  Brazil  wood,  oc  si  io\u\iou     vu^v^o^  ui  %>a\\\ixvt\^       oic  il  dfioetion  of  taifroay 
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J  wood  may  also  he  used.  Afttr  kavinsr  employed  thm  matcriahj  the  horn 
,  ffir  bflir  a  day  in  m  stmng  soJulion  of  vine  Bar  and  hUim. 

^  HoUnnd,  and  Att^triHf  the  CQmb-maker^  and  horn^ttitrnm  use  the  clfppinfs 
kkh  are  of  a  whitish  yelbw,  and  lorloise-iiheU  ftkinFi,  out  which  ih^y  make 
^powder-horn;:,  and  many  cnrioua  and  haTKijmine  ihivigs*  They  first  s<)f1<^ri  the 
rfl  in  boilini[  waier,  bo  as  (o  be  able  lo  gubmil  them  lo  the  preps  in  iron 
by  means  uf  heal  fiiun  ihem  into  one  mass.  The  (Jegree  of  hcai  neeessary 
^^l)tirn>c lappings  must  be  slrotiger  ih»ii  that  for  E^helL  ^kin^,  and  it  can  tinty  ht 
expcrienee.  The  heiit  must  not  h&wever  be  loo  gnat,  for  fear  cif  ^eorching 
^ahell.  Considerable  t^re  is  required  in  thef^e  operationpit  not  to  touch  the 
!  Itnger*,  nor  wilh  any  ereasy  body,  because  the  grease  will  prevent  the  pef- 
Wooden  instrumentJS  shnuJd  be  used  to  move  them  white  they  are  at  the 
'  carrying  ihem  to  the  moulds* 
'  tne  a  rtn?  of  horn  for  beU-ptilb^  &c.^  Ihe  required  piece  is  lo  be  first  eul  out 
rk  uf  proper  dimen9.ions,  and  nearly  in  the  shape  of  a  horse-shoe;  it  is  then 
I  a  pair  of  dies  tu  ci^e  its  sorface  the  desimi  pattern  j  hot  previous  to  ihe  pre^ 
I  the  piece  of  horn  and  the  dies  are  to  be  heated  j  Ihe  piece  of  horn  h  lo  be  in^ 
i.ween  the  ilies^  squeezed  in  a  vice,  and  when  eoltl^  the  impression  or  pattem 
'1  upon  the  horn.  One  particular  condition,  however,  is  to  be  observed  in  the 
of  the  dies  for  forminj^  a  rini;.  They  are  lo  be  £o  made;,  lhat  ihe  opea 
^  horse-shoe  piece  of  horn,  after  being  preised,  *haU  have  at  one  end  a  nib, 
^'Olher  a  recejs  of  a  dovetailed  form,  corresponding  to  eaeh  other  j  and  the 
llion  in  forming  this  rine  of  horn  h  to  heat  it,  and  place  i!  in  anniher  pair 
6h  shall  bring  it&  open  ends  together,  and  cau^^e  the  dovetailed  joints  to  be 
k^lnio  each  other,  which  completes  the  ring,  aad  leavea  no  appearance  of  the 

I  the  handles  of  table  knives  and  forka,  or  other  things  which  require  lo  b« 
pici  piece*,  each  of  the  two  pieces  or  sides  of  the  handle  is  formed  lo  n  separate 
i;  the  otve  pi*-ce  is  made  wiih  a  counter-sunk  groove  along  each  side,  and  the 
wiih  corresponding  leaver  or  projecting  edges.    When  these  two  pieces  are 
r  tm  being  cut  out  of  the  flat  horn,  then  pressed  in  the  diefi  in  a  heated  f^tale, 
se  of  givinE"  the  pattern,  the  two  pieces  are  again  heated  and  pui  loizrethef| 
I  or  ed^B^es  of  the  one  piL'ce  dropping  into  ihe  counter-sunk  gfOi»ves  of  the  other 
1  heing  ifilroduced  belweea  anoiher  pair  of  healed  ditSj  ihe  joinl*  are  prefserl 
l^ftlid  the  two  piece«  formed  into  one  handle, 

flnu  the  knobs  for  drawers  which  have  meial  stems  pi^is  to  fasten  Ihem  inlD 
llMrp,  I  tie  face  of  the  knob  is  to  he  i)ist  made  in  »  diei,  as  above  described,  and 

f%m^k  part  of  the  knob  with  a  hole  in  tl;  a  metal  disc  of  plHle-iron  h  next  pno- 
irhieh  Ihe  mrttil  stem  or  screw  pin  is  fixed,  and  ihe  stem  being  pnssed  through 
bre  in  the  back  piece,  and  the  two,  that  is,  the  back  and  from  pieces  of  horn 
|cr,  they  are  then  healed  and  pressed  in  fMes  as  above  described  ;  (he  edce  of 
\  |«irce  fallini?  inio  ihe  counter-«unk  groove  of  Ihe  front  piece,  while  by  the  heat 

|»*erfrcily  cemetiied  loirelher, 

^>1LV1.R  (Jirfient  Comt-^  or  itcrorjryrie,  Fr. ;  MomMtTt  Germ,)  is  a  while  ot 
-iiifi^l,  seciilc  like  wax  or  liorn,  and  cryslalli^ing  in  Ihe  cubic  system, 
-  -  L*rT*vity  Vfirle^  from  4*75  to  5  55,    InK»lubie  in  water;  not  volalile;  fusible 
U*»  Tpipe^  btit  ditlicMlt  of  reduction  by  it,    it  depo*ites  metatUe  silver  when  rubbed 
Mrr  npoa  a  piece  of  dean  eopper  or  iron.  It  consists  of  24*67  chbrine^  and  75'32 

'  1         '  !  I  '  r      ■  .  in  [l  i  '    y>nt  it  oectirs  in  great  qtianlity  in  the  district! 

II J  and  in  Hnantajaya^  yaurieocha,  &.e*s 
nres  of  hydrmte  of  iron,  called  Pacos 
ilyer^  which  form  considerable  depot- 
mined  as  an  ore  of  silver, 
i  lb  a  \-i  Being  both  hard  and  lough,  it  is 

'  cl  irj  formilu  grind insf  flints  j  it  i^  called  cberl  in 


r  ;  dull. 
Uv  ill'  : 


<]>]intei7  hornstone,  eonehotdal  horn- 
i;  ate  groy,  while/ and  red;  they  are 
^lyeenl  only  on  the  thin  edges.  Diti- 
nr!  hy  it  s  tnfasibil^ty  before  the  blow- 
e  3Lt erna  I  a  ppea  ran  ce. 
^liolh  ancient  and 
Eiiii-    ■•  ■  .'IJtne 
of 


bcda  of  the  I 


a,  which  i 


t  Miem  fomatioiiy  m  veil  u  m  the  Md  Ma  of  lk#  ■pper  fMlA  otHm 

itf  tint  mflk  ki  tbe  poUery  cDAaufictarei, 

HORSE  K)W£Ilt  in  witmm  eppnti,  k  tflfa«l«d  W«tt  «t  93,006 

.WHi^apoi"  U(M  (me  fo«t  higk  per  mtnnle.  Tor  Me  lione.  ll«  IKAo^liMlf  fi 
^■IWiiliiiliiiii  of  lh«  work  Hone  tf  fcoM  in  Ibe  wliiieft,  or       (wrifciwi  i  iwMi^fa 
•tKltfiift  ort*  (rom  the  iiikntrs  ni  Fivftieii,  th«  lior»es  bemtf  of  stctivc  tw  mod  iimEtti 
b»*  tf'iKu-hiiJi^J  that  thf  u^-chil  f*ffipct  of  It  h"r«ie  )'cilkFiJ  iliutn;  **iehi  hour*,       twtj  ffNifi 

of  [         tumrs  each  J  ift  fii  muri'-t'''  *>j  i^aW  ci*ijr>f"j  iiiFij'  tuf  eMimaHftJ   al  40  kilft^rirnmo 

tiyM4  J  taelre  per  aeeovd  |  wbjt^b  ki  Aou^iy  16|440  poumb  miftrd  one  fbol  per  ayAMCj 


mmmm 
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te^ui^i  m^peciifm  of  m  mxiiinf  win  snov*  tor  taw^  ttrnxmrn 
fii«  of  thrcftd,  like  tiie  wmrp  And  ttic  wcA^  wtitiA  wm 


i08|£RY  {Bm^tfrk^  Fr. ;  Strvmfftr^trti^  GenoO*   Tfae  vioMmg  frmwmt 
'Wm  greit  imt^leoieiit  of  ihi«  bu^ineftSi  ihoufb  it  ^pp^mn  at  first  tiflit  tn  be  a  com^touii 

nnnnhint\  t?rmsjsls  iDtrelj  tif  A  ref*elitifm  nf  pari*  fflsily  ufni^n*loi>cr^  witli  m.  iQodenle^ 
li^rrr  ipi:  tilfenlion,  providptt  an  tecrurrt!'.'  i-^M^ri^piMir^  is  Iir^^t  tbririH  O'f  tlie  mtWiV  ^  tte 
bo»H*r^  tnbric.    This  lei  I  lire  is  totally  diHeienL  from        frctfln^ulmr  iteciui&liol  irtiih 
eon»iitut««  cJotIt,  Ail  the  frlt^  lUe^t  m^peciifm  ol  m  MockiBf  wt)|  «bow  *  for  tbiP^  iMMiif 
tlog  two  diAtinct  AyKtefiii 
~zimff  by  cmiiiif  «Aeii  0 
^.t  naim  «r  looped  lettUMt  I 

k  bMt  «lfliiMi  b|r        f^eW  ll  fig.  HO.     A  ^in^U^  Ihif-ni}  is  ftjrviftl  ieto 

t  number  of  ur  waves  I'T  *rni(setBr  il 

BfiO  §  n  ovf*r  Jt  numb<*r  of  ji3irt>lltl  o^fr'dl'**:,^      bl^onn  it 

^  ^  '  '  "^ifete  I  ^"""^1  1  ^  tlii*s&  ire  reLAinetl  or  kvpl  in  the  fotiA  d 

'   '    [jljy  I    ^  ^^t!  *I  fc^i^f  «r  kqiA 

^TinftJ'    I     "       t '  '■  wmflAf  IdopA  orwttTCfe  limcirif  4e 

-  *^?Wrfg*fcss^^^SjM iw  ihrf^tl  of  (he  prft«tine  conrse  of  th^  work,  1. 
^^ff^^^^^^J^^SjKo^^  The  faHfic  thn*  formed  by  llie  wninn  of  »  oyni- 
'^'Vb^^^^^^^^^^SBiU  limps  is  rnf-i^y  unmvellocJ,  ^ec3M^  i&f 

y^^^^^^^WttB^n  -  ilfthiliiy  fi[  l^>t'  wTtnf.?  pjf't'c  d^^>ennJ«i  u|v»n  lit 

^  .  •  ^flKSik  A  A  uUimAlc  fA»i«njng  of  lb«  itAt  oi^i  <iC  1^  ibreM  i 

one  al  a  lime)  until  the  whole  is  unravelled,  and  drawn  out  into  the  single  thread  from 
which  it  was  made.  In  the  same  manner,  if  a  thread  in  a  stocking-piece  fails,  or  breaks 
At  any  part,  or  drops  a  stitch,  as  it  is  called,  it  immediately  produces  a  hole,  and  the  ex- 
tension of  the  rest  can  only  be  prevented  by  fastening  the  end.  It  sbonld  be  observed 
that  there  are  many  different  fabrics  of  stock ing-stitch  for  various  kinds  of  oniAmenial 
hosiery,  and  as  each  requires  a  different  kind  of  frame  or  machine  to  produce  it,  we 
Ahould  greatly  exceed  our  limits  to  enter  into  a  detailed  description  of  them  all.  That 
species  which  we  have  represented  in  y7g.  550  is  the  common  stocking-stitch  used  for 
plain  hosiery,  and  is  formed  by  the  machine  called  the  common  stock in^frame,  whith  is 
the  groundwork  of  all  the  others.  The  operation,  as  we  see,  consists  in  drawing  the 
loop  of  a  thread  successively  through  a  series  of  other  loops,  so  long  as  the  work  ii 
continued,  as  is  very  plainly  shown  for  one  stitch  in  fig.  551. 

There  is  a  ereat  variety  of  different  frames  in  use  for  producing  various  omameota] 
kinds  of  hosiery.  The  first,  which  forms  the  foundation  of  the  whole,  is  that  for  knitting 
plAin  hosiery,  or  the  common  stocking-frame. 

Of  this  valuable  machine,  the  invention  of  Mr.  Lee,  of  Cambridge,  a.  side  elevation  is 
given  in  fig,  552,  with  the  essential  parts.  The  framing  is  supported  by  four  upright 
posts,  generally  of  oak,  ash,  or  other  bard  wood.  Two  of  these  posts  appear  at  a  a,  and 
the  connecting  cross  rails  are  at  c  c.  At  b  is  a  small  additional  piece  of  framing,  which 
supports  the  hosier's  seat.  The  iron-work  of  the  machine  is  bolted  or  screwed  to  the 
upper  rails  of  the  frame-work,  and  consists  of  two  parts.  The  first  rests  upon  a  sole  of 
polished  iron,  which  appears  at  d,  and  to  which  a  great  part  of  the  machinery  is 
Attached.  The  other  part,  which  is  generally  called  the  carriage,  runs  upon  the  iron 
lole  at  D,  and  is  supported  by  four  small  wheels,  or  trucks,  as  they  Are  called  by  the 
|rorknien.  At  the  upper  part  of  the  back  standard  of  iron  are  joints,  one  of  which 
Appears  at  q ;  and  to  these  is  fitted  a  frame,  one  side  of  which  is  seen  extending  to  H. 
By  means  of  these  joints,  the  end  at  h  may  be  depressed  by  the  hosier's  hand,  And  it 
returns,  when  relieved,  by  the  operation  of  a  strong  spring  of  tempered  steel,  acting 
between  a  cross  bar  in  the  frame  and  another  below.  The  action  of  this  spring  is 
▼ery  apparent  in  fig.  553.  *ln  the  front  of  the  frame,  immediately  opposite  to  where 
the  hosier  sits,  are  plAced  the  needles  which  form  the  loops.    These  needles*  or  nUhcr 
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kodrs,  are  mor^  or  less  nwneroiiB,^  aceoiding  to  the  eowrseness  or  fineness  of  the 
tloekinff;  and  this,  alihonsrh  nnayoulable,  proves  a  very  considerable  abatement  of 

  the  value  of  a  stocking-frame.  In 

almost  every  other  machine  (for 
example,  those  employed  in  spin- 
ning or  weaving),  it  is  easy  to 
adapt  any  one  either  to  work 
coarser  or  finer  work,  as  it  may 
be  wanted.  Bot  in  the  mana- 
factore  of  hosiery,  a  frame  once 
finished,  is  limited  for  ever  in  its 
operation  to  the  same  quality  of 
work,  with  this  exception,  that 
by  changing  the  stuff,  the  work 
may  be  made  a  little  more  dense 
or  flimsy;  but  no  alteration  in 
the  size  or  quantity  of  loops  can 
take  place.  Hence  where  the 
manufacture  is  extensively  pro- 
secuted, many  frames  may  be 
thrown  idle  by  every  vicissitude 
of  demand;  and  where  a  poor 
mechanic  does  purchase  his  own 
frame,  he  is  for  ever  limited  to 
the  same  kind  of  work.  The 
gauge,  as  it  is  called,  of  a  stock- 
ing-frame is  regulated  by  the 
number  of  loops  contained  in 
three  inches  of  breadth,  and  varies  very  much ;  the  coarsest  frames  in  common  use  being 
•bout  what  are  termed  Fourteens,  and  the  finest  employed  in  great  extent  aboat 
Torties.  The  needles  are  of  iron  wire,  the  manufacture  of  which  is  very  simple ;  but 
long  practice  in  the  art  is  found  necessary  before  a  needle-maker  acquires  the  dexterity/ 
which  will  enable  him  both  to  execute  his  work  well,  and  in  sufilcient  quantity  to  render 
bis  labor  productive. 

The  process  of  making  the  needles  is  as  follows : — Good  sonnd  iron  wire,  of  a  proper 
fineness,  is  to  be  selected ;  that  which  is  liable  to  split  or  splinter,  cither  in  filing, 
pinehing,  or  bending,  being  totally  unfit  for  the  purpose.  The  wire  is  first  to  be  cot 
mto  proper  lengths,  according  to  the  fineness  of  the  frame  for  which  the  needles  are 
designed,  coarse  neeiiles  being  considerably  longer  than  fine  ones.  When  a  sufficient 
nmnber  (generally  some  thousands)  have  been  cut,  the  wire  must  be  soAened  as  much 
as  possible.  This  is  done  by  laying  them  in  rows  in  a  flat  iron  box,  about  an  inch 
deep,  with  a  close  cover ;  the  box  being  filled  with  charcoal  between  the  strata  of  wires. 
This  box,  being  placed  upon  a  moderate  fire,  is  gradually  healed  until  both  the  wires 
nnd  charcoal  have  received  a  moderate  red  heat,  because,  were  the  heat  increased  to  what 
fmiths  term  the  white  heat,  the  wire  would  be  rendered  totally  unfit  for  the  subsequent 
processes  which  it  has  to  undergo,  both  in  finishing  and  working.  When  the  box  hat 
been  suflicienily  heated,  it  may  be  taken  from  the  fire,  and  placed  among  hot  ashes, 
until  both  ashes  and  box  have  gradually  cooled;  for  the  slower  the  wires  cool,  the 
soHer  and  easier  wrought  they  will  be.  When  perfectly  cool,  the  next  process  is  to 
punch  a  lonzitiidinn)  groove  in  the  stem  of  every  needle,  which  receives  the  point  or 
bnrb,  when  depressed.  This  is  done  by  means  of  a  small  engine  worked  by  the  power 
of  a  screw  and  lever.    The  construction  of  these  engines  is  various;  but  a  profile 

elevation  of  one  of  the  most  simple  and  com- 
553  Ub-I  "  monly  used  will  be  found  in  fig.  653.  It 

consists  of  two  very  strong  pieces  of  malle- 
able iron,  represented  at  a  and  c,  and  these 
two  pieces  are  connected  by  a  strong  well- 
fitted  joint  at  B.  The  lower  piece,  or  sole  of 
the  engine  at  c,  is  screwed  down  by  bolts  to 
a  strong  board  or  table,  and  the  upper  piece 
A  will  then  rise  or  sink  at  pleasure,  upon  the 
joint  B.  In  order  that  a  may  be  very  steady 
in  rising  and  sinkin?,  which  is  indispensable 
H  C  to  its  correct  operation,  a  strong  bridle  of 

iron,  which  is  shown  in  section  at  e,  is  added  to  confine  it,  and  direct  its  motion.  In 
the  upper  part  of  ihis  bridle  is  a  female  screw,  through  which  the  forcing  screw  pas8e% 
which  is  turned  by  the  handle  or  lever  d.  To  the  sole  of  the  engine  c  is  fixed  a  bolster 
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of  tempered  steel,  with  a  small  groove  to  receive  the  wire,  which  it  to  he  ponefaed;  mi 

in  the  upper  or  moving  part  a,  is  a  sharp  chisel,  which  descends  ezaetij  into  the  grooic^ 
when  A  is  depressed  by  the  screw.  These  are  represented  at  f,  and  above  h.  At  o  is  t 
strong  sprin?,  which  forces  up  the  chisel  when  the  pressure  of  the  screw  is  removed.  ^  The 
appearance  of  the  groove,  when  the  punching  is  finished,  will  be  rendered  familiar  ^ 
inspecting  fig,  55-1,  p.  657.  When  the  punching  is  finished,  the  wires  are'to  be  broif^ 
to  a  fine  smooth  point  by  filing  and  burnishing,  the  latter  of  which  shoald  be  very  eoB- 
pletely  done,  as,  besides  polishing  the  wire,  it  tends  greatly  to  restore  that  spring  uA 
elasticity  which  had  been  removed  by  the  previous  operation  of  softening.  The  wire  ii 
next  to  be  bent,  in  order  to  form  the  hook  or  barb ;  and  this  is  done  with  a  small  piece 
of  tin  plate  bent  double,  which  receives  the  point  of  the  wire,  and  by  its  breadth  regi- 
lates  the  length  of  the  barb.  The  stem  of  the  needle  is  now  flattened  with  a  soill 
hammer,  to  prevent  it  from  turning  in  the  tin  socket  in  which  it  is  afterwards  to  be  eitf ; 
and  the  point  of  the  barb  being  a  little  curved  by  a  pair  of  small  pliers,  the  needle  ii 
completed. 

In  order  to  fit  the  needles  for  the  frame,  they  are  now  cast  into  the  tin  sockets^  or  lesdi, 
as  they  are  called  by  the  workmen ;  and  this  is  done  by  placing  the  needles  in  aa  iroa 
mould,  which  opens  and  shuts  by  means  of  a  joint,  and  pouring  in  the  tin  while  ia  s 
state  of  fusion.  In  common  operations,  two  needles  are  cast  into  the  same  socket  The 
form  of  the  needle,  when  complete  and  fitted  to  its  place  in  the  frame,  will  be  sees  is 

fig.  555,  which  is  a  profile  scctioa 


of  iron  called  a  verge,  to  regulate  the  position  of  the  needles.  When  placed  npon  tkc 
bar  resting  against  the  verge,  another  plate  of  iron,  generally  lined  with  soA  leather,  ii 
screwed  down  u|K)n  the  sockets  or  leads,  in  order  to  keep  them  all  fast.  This  plate  ui 
the  screw  appear  at  i.  When  the  presser  at  f  is  forced  down  upon  the  barb,  this  siab 
into  the  groove  of  the  stem,  and  the  needle  is  shut ;  when  the  presser  rises,  the  barb  open 
again  by  its  own  elasticity. 

The  needles  or  hooks  being  all  properly  fitted,  the  next  part  of  the  stock  ins-frame  to 
which  attention  ought  to  be  paid,  is  the  machinery  for  forming  the  loops ;  and  this  con- 
sists of  two  purls.  The  first  of  these,  which  sinks  between  every  second  or  alternile 
nectll»»,  is  represented  at  o,  fie:.  552,  and  is  one  of  the  most  important  parts  of  the  whole 
machine.  It  consists  of  two  moving  parts ;  the  first  being  a  succession  of  horizootil 
levers  inovini?  upon  a  common  centre,  and  called  jacks,  a  term  applied  to  vibrating  leren 
in  various  kinds  of  machinery  as  well  as  the  stocking-frame.  One  only  of  these  jtcki 
can  be  represented  in  the  profile  /ig.  552 ;  but  the  whole  are  distinctly  shown  in  a  hori- 
zontal  position  in  fig.  556 ;  and  a  profile  upon  a  very  enlarged  scale  is  given  in  fi^.  657. 


of  the  needle-bar,  exhibiting  oae 
needle.  In  this  figure  a  sectioa  d 
the  pressure  is  represented  atr; 
the  needle  appears  at  c,  and  the 
socket  or  level  at  k.  At  h,  is  a 
section  of  the  needle-bar,  on  the 
fore  part  of  which  is  a  small  plaie 
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be  jaek  shown  in  fig.  552,  extends  horizontally  from  o  to  i,  and  the  centre  of  motion 
at  a.  On  the  front,  or  right  hand  part  of  the  jack  at  o,  is  a  joint  suspending  a  Tcry 
in  plate  of  polished  iron,  which  is  termed  a  sinker.  One  of  these  jacks  and  sinkers  is 
kiCted  for  tvery  second  or  alternate  needle.  The  form  of  the  sinker  will  appear  at  s, 
g.  557 ;  and  jn  order  that  all  may  be  exactly  uniform  in  shape,  they  are  cut  ont  and 
lisbed  between  two  stout  pieces  of  iron,  which  serve  as  moulds  or  gauges  to  direct  the 
ime-smith.  The  other  end  of  the  jack  at  |,  is  tapered  to  a  point ;  and  when  the  jacks 
«  in  their  horizontal  position,  they  are  secured  by  small  iron  springs,  one  of  which  is 
limented  at  i,  fig.  552,  each  spring  having  a  small  obtuse  angled  notch  to  receive  the 
tint  of  the  jack,  against  which  it  presses  by  its  own  elasticity.  In  fig.  557  the  centre  is 
A$  the  pointed  tail  is  omitted  for  want  of  room,  the  joint  is  at  o,  knd  the  throat  of  the 
iker,  which  forms  the  loop,  is  at  s.  The  standards  at  r,  upon  which  the  jack  moves, 
e  called  combs,  and  consist  of  pieces  of  flat  smooth  brass,  parallel  to,  and  equidistant 
om  each  other.  The  cross-bar  b,  which  contains  the  whole,  is  of  iron,  with  a  perpen- 
enlar  edge  or  rim  on  each  side,  leaving  a  vacancy  between  them,  or  a  space  to  receive 
e  bottom  part  or  taUs  of  the  combs.  The  combs  are  then  placed  in  the  bar,  with  a  flat 
ece  of  brass  called  a  countercomb,  between  each,  to  ascertain  and  preserve  iheir  distances 
301  each  other.  These  countercombs  are  exactly  of  the  same  shape  as  the  combs,  but 
iTe  no  tails.  When  both  combs  and  countercombs  are  placed  in  the  bar,  it  is  luted 
ith  day  so  as  to  form  a  mould,  into  which  is  poured  a  suflScient  quantity  of  melted  tin. 
lien  the  tin  has  had  time  to  cool,  the  countercombs  having  no  tails  are  easily  taken  out, 
id  the  combs  remain  well  fastened  and  secured  by  the  tin,  which  has  been  fused  entirely 
nod  them.  Thus  they  form  a  succession  of  standards  for  the  jacks ;  and  a  hole  being 
ilkd  through  each  jack  and  each  comb,  one  polished  wire  put  through,  serves  as  a  com- 
Ml  centre  for  the  whole. 

The  jack  sinkers  being  only  used  for  every  alternate  or  second  needle,  in  order  to 
Biplete  this  part  of  the  apparatus,  a  second  set  of  sinkers  is  employed.  These  are,  in 
rm  and  shape,  every  way  the  same  as  the  jack  sinkers,  but  they  are  jointed  at  the  top 
ID  pieces  of  tin,  all  of  which  are  screwed  to  the  sinker  bar  h,  fig.  552 ;  and  thus  a 
liter  of  each  kind  descends  between  the  needles  alternately.  By  these  sinkers  the 
ifit  are  formed  upon  all  the  needles,  and  the  reason  of  two  sets  different  in  operation 
isg  employed,  will  be  assigned  in  describing  the  mode  of  working  the  frame.  The 
BWer  of  the  operation,  of  which  something  has  already  been  said,  appears  at  p;  and 
the  two  arms  which  support  and  give  motion  to  it,  one  appears  very  plainly  at  e,  its 
atre  of  motion  being  at  c.    The  circular  bend  given  to  these  arms,  besides  having  an 

ornamental  eflect,  is  very  useful, 
in  order  to  prevent  any  part  from 
interfering  with  the  other  parts 
which  are  behind,  by  elevating 
them  entirely  above  them.  The 
extremities  of  these  arms  at  the 
termination  of  the  bends  behind, 
are  connected  by  a  cross  bar, 
which  has  also  a  circular  bend 
in  the  middle,  projecting  down* 
wards,  for  a  resson  similar  to  that 
already  assig/ied.  This  bend  if 
concealed  Id  fig.  552,  but  visible 
in  the  fropt  elevation,  fig.  558. 
From  the  middle  of  the  bend, 
the  presser  is  connected  with  the 
middle  treadle  by  a  depending 
wire  a|i>earing  at  M,fig.  552,  and 
thus,  by  the  pressure  of  that 
treadle,  the  presser  is  forced  down 
to  dose  the  barbs  of  the  needle. 
The  re-ascent  of  the  presser  is 
sometimes  eflfected  by  means  of 
t  counterpoising  weight  passing 
over  a  pulley  behind ;  and  some- 
times by  the  reaction  of  a  wooden 
spring,  formed  of  a  strong  hoop 
Iflte  that  represented  at  x.  The 
latter  of  these  is  preferred,  espe- 
cially by  the  Nottingham  hosien, 
because,  as  they  assert,  it  makes 
the  prener  spring  np  with  greater 
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rapidity,  and  conteqnently  saves  time  in  working.  How  far  this  may  be  pTaetiean?  \ht 
case,  it  would  be  superfluous  bere  to  investigate ;  but  it  is  obvious  tbat  the  wooden  spring, 
if  very  stiff,  must  add  much  to  the  hosier's  exertion  of  his  foot,  already  exercised  afainst 
the  united  spring  of  all  his  barbs;  and  this  inconvenience  is  much  coDidained  of  by  those 
who  have  been  accustomed  to  work  with  the  counterpoise.  • 

At  L  are  two  pulleys  or  wheels,  of  different  diameters,  moving  upon  a  eommoa  catie, 
by  which  the  jack  sinkers  are  relieved  from  the  back  springs,  and  thrown  downwards  to 
form  the  loops  upon  the  needles.  About  the  larger  wheel  is  a  band  lyf  whipcord,  pass- 
ing twice  round,  the  extremilies  of  which  are  attached  to  what  is  called  the  slar,  whidi 
disengages  the  jacks  from  the  back  springs.  The  smaller  pulley,  by  another  baad, 
communicates  with  the  right  and  leA  treadle;  so  that  these  treadles,  when  pressed 
alternately,  turn  the  pulleys  about  in  an  inverted  order.  The  directions  of  these  bands 
also  appear  more  plainly  in  the  front  elevation,  Jig.  558.  The  constmction  of  the  slsr, 
and  its  ell'ect  upon  the  jacks,  will  also  be  rendered  apparent  by  Jig.  559.  In  this 
figure,  eight  jacks  are  represented  in  section,  the  tail  part  of  three  of  which,  1,  2, 3,  are 
thrown  up  by  the  slur  in  its  progress  from  leA  to  ri^ht ;  the  (burth  is  in  the  act  of 
rising,  and  the  remaining  four,  5,  6,  7,  and  8,  are  still  unacted  upon,  the  slnr  not  yet 
having  reached  them.  As  the  slur  acts  in  the  direction  of  the  dotted  line  z,  x,  Jig, 
behind  the  centres  of  the  jacks,  it  is  hardly  necessary  to  remark,  that  this  forcing  op  of 
the  tails  must  of  course  depress  the  joints  by  which  the  sinkers  in  front  are  suspended. 
The  jack  sinkers  falling  successively  from  the  loops  on  every  alternate  needle,  in  the  way 
A.  ^  '         -  _^  _j  g    represented  at  Jig,  560,  where  both 

kinds  of  sinkers  appear  in  sectkin,tlie 
light  part  expressing  what  is  abofe 
the  point  at  which  the  throat  of  tk 
sinker  operates  upon  the  thread,  aod 
the  dark  part  what  is  below.  The 
second  set,  or,  as  they  are  called,  the 
lead  sinkers,  from  the  manner  of 
jointing  them,  and  suspending  them  from  the  bar  above,  appear  still  elevated;  the 
position  of  the  bar  being  represented  by  the  line  a,  b.  But  when  these  are  pulled  down 
to  the  level  of  the  former  by  the  operator's  hands,  the  whole  looping  will  be  completed, 
and  th&  thread  c,  d,  which  is  still  slack,  will  be  brought  to  its  full  and  proper  degree  of 
tension,  which  is  regulated  by  slop  screws,  so  as  to  be  tempered  or  altered  at  pleasure. 

The  sinking  of  this  second  set  of 
sinkers,  may  be  easily  explained  by 
561  />  ^^^^^^.^--^^  Jig.  561.    The  direction  of  the  sink- 

ers is  expressed  by  the  line  e  ;  the 
bar  from  which  they  are  suspended 
will  be  at  A  ;  the  top  frame  is  in  the 
direction  from  A  to  b  ;  the  back 
standards  at  d,  and  the  joint  at  b,  is 
the  centre  of  motion.  If  e  is  pulled 
perpendicularly  do  vnwanis,  the  spring  c  will  be  contracted,  and  its  upper  exlreme  point 
Cry  will  be  broiijjht  nearer  to  its  lower  extreme  point  k,  which  is  fixed.  Again,  when  the 
force  which  has  depiesscd  e  is  removed,  the  sprinc  c  will  revert  to  its  former  slate,  and 
the  sinkers  will  rise.  The  raisini^  of  the  jack  sinkers  and  jacks  takes  place  at  the  same 
time,  by  the  hosier  ra'isine:  his  hands;  and  lor  the  cause  of  this  we  must  revert  to/?. 
556.  The  leail  sinkers  in  risin*:  lay  hold  of  notches,  which  raise  the  extreme  parts  of 
the  set  of  jacks  /,  z,  which  are  called  half-jacks.  Between  the  extremities  of  these  at  z,  z, 
is  a  cross  bar,  which,  in  d»,scen(linc:,  presses  all  the  intermediate  jacks  behind  the  comrai'n 
centre,  and  restores  iheni  'o  their  orisinal  posture,  where  they  are  secured  by  the  back 
springs,  until  they  are  agai>  relieved  by  the  operation  of  the  slur  recrossing  at  the  next 
course. 

Working  of  the  frame. — In  order  to  work  a  frame,  the  whole  apparatus  being  previ- 
ously put  into  complete  order,  rhe  hosier  places  himself  on  the  seat  b  in  front,  and  pro- 
vides himself  with  a  bobbin  of  yirn  or  stuff.  This  bobbin  he  places  loosely  on  a  vertical 
pin  of  wire,  driven  into  one  side  of  the  frame  contiguous  to  the  needles,  so  that  it  may 
turn  freely  as  the  stuff  is  unwound  from  it.  Taking  the  thread  in  his  hand,  he  draws  it 
loosely  along  the  needles,  behind  the  barbs,  and  under  the  throats  of  the  sinkers.  He 
then  presses  down  one  of  the  treadles  to  pass  the  slur  along,  and  unlock  the  jacks  from 
the  back  springs,  that  they  may  fall  in  succession.  When  this  is  done,  the  number  of 
loops  thus  formed  is  doubled  by  bringing  down  the  lead  sinkers,  and  the  new  formed 
loops  are  lodged  under  the  barbs  of  the  needles  by  bringing  forward  the  sinkers.  The 
preceding  course,  and  former  fabric,  being  then  again  pushed  back,  the  barbs  are  shut 
by  depressing  the  middle  treadle,  and  forcing  down  the  presser  upon  the  needles.  The 
former  work  is  now  easily  brought  over  the  shut  needles,  after  which*,  by  raising  the 
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hands,  both  sets  of  sinkers  are  raised ;  the  jacks  are  locked  by  the  back  springs,  and  the 
hosier  goes  on  to  another  course. 

From  this  it  will  be  apparent,  that  the  remark  made  in  the  outset  is  well  fonnded, 
that  there  are,  in  reality,  no  complicated  or  difficult  moYements  in  the  stocking-frame. 
Almost  the  whole  are  merely  those  of  levers  moving  upon  their  respective  fulcra,  excepting 
that  of  the  carriage  which  gives  the  horizontal  motion  to  the  sinkers,  and  that  is  merely 
an  alternate  motion  on  four  wheels.  Yet  the  frame  is  a  machine  which  requires  con- 
siderable experience  and  care,  both  to  work  it  to  advantage,  and  also  to  keep  it  in  good 
order.  This  circumstance  arises  greatly  from  the  small  compass  in  which  a  number  of 
moving  parts  must  be  included.  Owing  to  this,  the  needles,  unless  cautiously  and  deli- 
cately handled,  are  easily  bent  or  injured.  The  same  circumstance  applies  with  equal 
or  greatef  force  to  the  sinkers,  which  must  be  so  very  thin  as  to  be  easily  injured.  But 
as  these  must  work  freely,  both  in  a  perpendicular  and  horizontal  direction  between  the 
needles,  in  a  very  confined  and  limited  space,  the  slightest  variation  in  either,  from  being 
traly  and  squarely  placed,  unavoidably  injures  the  others.  When  a  hosier,  either  igno- 
rant of  the  mechanical  laws,  of  their  relation  to  each  other,  or  too  impatient  to  wait  for 
the  assistance  of  another,  attempts  to  rectify  defects,  he  in  most  cases  increases  them  ten- 
fold, and  renders  the  machine  incapable  of  working  at  all,  until  repaired  by  some  more 
experienced  person.  This  circumstance  has  given  rise  to  a  set  of  men  employed  in  this 
trade,  and  distinguished  by  the  name  of  upsetters ;  and  these  people,  besides  setting  new 
Ihunes  to  work,  have  frequently  more  employment  in  repairing  old  ones  injured  by  want 
of  care  or  skill,  than  many  country  apothecaries,  who  live  in  unhealthy  parishes,  find  in 
tampering  with  the  disorders  of  mankind. 

It  seems  unnecessary  to  go  further  into  detail  respecting  a  machine  so  well  known, 
and  which  requires  practical  attention  even  more  than  most  others.  It  may,  therefore, 
be  sufficient  to  describe  shortly  some  of  its  varieties,  the  most  simple  and  common  of 
which  is  the  rib  stocking-frame.  ' 

Rib  gtocking-frame. — This  frame,  which,  next  to  the  common  frame,  is  most  exten- 
sively in  use,  is  employed  for  working  those  striped  or  ribbed  stockings,  which  are  very 
common  m  all  the  different  materials  of  which  hosiery  is  formed.  In  principle  it  does 
not  differ  from  the  common  frame,  and  not  greatly  in  construction.  The  preceding  gen- 
eral description  will  nearly  apply  to  this  machine  with  equal  propriety  as  to  the  former; 
that  part,  however,  by  wiiich  the  ribs  or  stripes  are  formed,  is  entirely  an  addition,  and 
to  the  application  of  this  additional  machinery  it  may  be  proper  to  pay  the  chief  atten- 
tion, referring  chiefly  to  fig.  558,  which  is  a  front  elevation. 

This  figure  has  been  already  referred  to  for  the  illustration  of  those  parts  of 
the  machinery  which  are  common  to  both,  and  those  parts  therefore  require  no  reca- 
pitulation. The  principle  of  weaving  ribbed  hosiery  possesses  considerable  affinity  to 
that  which  subsists  in  the  weaving  of  that  kind  of  cloth  which  is  distinguished  by  the 
name  of  tweeling,  for  the  formation  of  stripes,  with  some  variation  arising  merely  from 
the  different  nature  of  the  fabric.  In  cloth  weavine,  two  different  kinds  of  yarn  inter- 
secting each  other  at  right  angles,  are  employed ;  in  hosiery  only  one  is  used.  In  the 
tweeling  of  cloth,  striped  as  dimity,  in  the  cotton  or  kerseymere,  and  in  the  woollen  man- 
ufacture, the  stripes  are  produced  by  reversing  these  yarns.  In  hosier)',  where  only  one 
kind  of  yarn  is  used,  a  similar  effect  is  produced  by  reversing  the  loops.  To  effeot  this 
reversing  of  the  loops,  a  second  set  of  needles  is  placed  upon  a  vertical  frame,  so  that 
the  bends  of  the  hooks  may  be  nearly  under  those  of  the  common  needles.  These 
needles  are  cast  into  tin  moulds,  pretty  similar  to  the  former,  but  more 
Jl^  f  oblique  or  bevelled  towards  the  point,  so  as  to  prevent  obstructions  in 
working  them.  They  are  also  screwed  to  a  bar  of  iron,  generally  lighter 
than  the  other,  and  secured  by  means  of  plates  :  this  bar  is  not  fixed, 
but  has  a  pivot  in  each  end,  by  means  of  which  the  bar  may  have  a  kind 
of  oscillatory  motion  on  these  pivots.  The  two  frames  of  iron  support  this 
bar ;  that  in  which  it  oscillates  being  nearly  vertical,  but  inclined  a  little 
towards  the  other  needles.  Fig.  562,  which  is  a  profile  elevation,  will 
serve  to  illustrate  the  relative  position  of  each  bar  to  the  other.  The 
lower  or  horizontal  frame,  the  ends  only  of  which  can  be  seen  in  fig. 
558  under  a  a,  appears  in  profile  in  fig*  562,  where  it  is  distinguished 
by  d.  The  vertical  frame  at  a  is  attached  to  this  by  two  centre  screws, 
which  serve  as  joints  for  it  to  move  in.  On  the  top  of  this  frame  is  the 
rib-needle  bar  at  /,  in  figs.  552  and  662,  and  one  needle  is  represented 
in  fig.  662  at  /.  At  g  is  a  small  presser,  to  shut  the  borbs  of  the  rib- 
needles,  in  the  same  manner  as  the  large  one  does  those  of  the  frame. 
At  A  is  one  of  the  frame  needles,  to  show  the  relative  position  of  the  one 
set  to  the  other.  The  whole  of  the  rib-bar  is  not  fitted  with  needles 
like  the  other;  for  here  needles  are  only  placed  where  ribs  or  stripes 
are  to  be  formed^  the  intervals  being  filled  up  with  blank  leads,  that  is 
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the  simplest  form  of  such  a  floe,  heated  by  the  yertical  round  iitm  store  from  whoR 
top  a  wide  square  pipe  proceeds  upwards  in  a  slightly  inclined  direction,  which  receiici 
the  current  of  air  heated  by  the  body  and  capital  of  the  store.  In  this  wide  chaniw: 
there  are  puUeysi  with  eoids  or  bands  which  suspend  by  hooki^  and  eondnct  the  web  «f 
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calico,  from  the  entrance  at  b,  where  the  operative  sits,  to  near  the  point  A,  and  back 
•gain.  This  circuit  may  be  repeated  once  or  oAener  till  the  goods  are.  perfectly  dried. 
At  D  the  driving  pulley  connected  with  the  main  shaft  is  shown.  Near  the  feet  of  tiie 
operative  is  the  candroy  or  reel  upon  which  the  moist  goods  are  rolled  in  an  endless  web ; 
•o  that  their  circulation  in  the  ho^air  channel  can  be  continued  without  interruption,  as 
kmg  as  may  be  necessary. 

Fig.  564  is  a  cross  section  of  the  apparatus  of  the  regular  hot-flue,  as  it  is  mounted 
564  in  the  most  scientific  cidico  works  of 

England,  those  of  James  Thomson,  Esq., 
of  Primrose,  near  Clitheroe,  Lancashire, 
a  a  a  a,  is  an  arched  apartment,  nearly  30 
yards  lon£,  by  13  feet  high,  and  10  feet 
Wide.  Through  about  one  half  of  this 
gallery  there  is  a  horizontal  floor  sup- 
ported on  arches,  above  which  is  the  driest 
space,  through  which  the  goods  are  finally 
passed  before  they  escape  from  the  hot-flue, 
after  they  have  been  previously  exposed  to 
the  hot  but  somewhat  moist  air  of  the 
lower  compartment.  A  large  square  flue 
covered  with  cast-iron  plates  runs  along 
the  whole  bottom  of  the  gallery.  It  is 
divided  into  two  long  parallel  vaults, 
whose  sections  are  seen  at  «,  «,  fig.  564, 
covered  with  the  cast-iron  plates  v  v, 
grooved  at  their  ends  into  one  another.  The 
thickness  of  these  plates  is  increased  pro- 
gressively as  they  come  nearer  to  the  fire- 
place or  furnace.  There  are  dampers  which  regulate  the  draught,  and  of  course  the  heat 
of  the  stove,  h  h  are  the  air-passaires  or  vent-hotes,  leA  in  the  side  walls,  and  which  by 
means  of  a  long  iron  rod,  mounted  with  iron  plates,  may  be  opened  or  closed  together 
to  any  degree,  fe  k  are  the  cast-iron  supports  of  the  tinned  brass  rollers  which  guide 
the  goods  along,  and  which  are  fixed  to  the  cross  pieces  represented  by  r  r,  fig.  564. 
II  areuron  bars  for  supporting  the  ventilators  or  fans  (see  the  fan  under  Foundry). 
These  nins  are  here  enclosed  within  a  wire  grating.  They  make  about  300  turns  per 
minute,  and  expel  the  moist  air  with  perfect  eflect.  «  indicates  the  position  of  the  win- 
dows, which  extend  throughout  the  length  of  the  building.  /  is  a  gas-light  jet,  placed  at 
the  side  of  each  window  to  supply  illumination  for  night  work. 

The  piece  is  stretched  along  the  whole  extent  of  the  gallery,  and  runs  through  it  in 
the  course  of  one  minute  and  a  half;  being  exposed  during  its  passage  to  the  heat  of 
212*>  Fahr. 

In  fig.  565,  A  is  the  iron  door  of  entrance  to  the  hot-flue  gallery ;  at  6  is  the  pad- 
ding machine,  where  the  goods  are  imbued  with  the  general  mordant.    The  speed  of 


this  machine  may  be  varied  by  means  of  the  two  conical  drums  c  c,  which  drive  it ;  since 
when  the  band  c  c  is  brought,  by  its  forks  and  adjusting  screws,  nearer  to  the  narrow 
end  of  the  lower  drum,  the  cylinder  upon  the  same  shaft  with  the  latter  is  driven 
quicker ;  and  vice  versa.  Over  d  d  the  cords  are  shown  for  drawing  the  drum  mechan- 
itm  into  gear  with  the  main  shaft  band,  f  f  e;  or  for  throwing  it  out  of  gear.  The 
pulleys  F  F  carry  the  bands  which  transmit  the  motion  to  the  padding  machine.  A 
cylindrical  drum  exterior  to  the  hot-flue,  covered  with  flannel,  serves  to  receive  the  end 
of  the  series  of  pieces,  and  to  draw  them  through  the  apartment.   This  mode  of  drying 
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tlie  pidded  ealieoet  requires  fiir  eteb  piece  of  28  judf,  3  powidi  of  eoals  lor  the  lonaM 
when  a  fao  is  empkyjrcd,  and  4  poaods  withoot  iU 

HYDRATES  are  eompoaiids  of  the  oxydes,  salts,  kc  with  water  im  definite  or  eqnr- 
•lent  proportioiis.  Thos  slaked  lime  eonsists  of  one  atom  of  qoiek-Iune  =s  2^  oae 
atom  of  water  s  9,  of  which  the  sam  is  37  on  the  hydrogen  seate. 

HYDRAULIC  PRESS.   See  Oil»  Pacss,  and  Stbaunk. 

HYDRIODIC  ACID  (Jcidt  Hydriodiqu*,  Fr. ;  HyMMtmn,  Gens.)  k nadd  fin- 
ed by  the  comhinatioB  of  99*21  parts  of  KMline,  and  0*79  hydrogen.  Wlws  pare,  it  oeesn 
in  the  gaseous  stale,  hot  it  comhiBes  with  water  like  tlue  hydroehlorie  or  mariatic  sdi 
gas  into  a  liqnid  acid.  * 

HYDROCHLORIC  ACID ;  the  new  chemieal  name  of  mvriatie  acid*  wludi  see. 

HYDROGEN  (Eng.  and  Fr.;  WoMttntoff^  Germ.),aB  nndccoDpoandcd  gnaeoos  kodf; 
tiie  lichtest  ofaU  ponderable  matter,  whose  examination  belongs  to  dMnustry. 

HYDROBCETER;  an  instmmeat  for  ascertaining  the  specific  gimTitiea  of  li^udf. 
Banm^*s  hydrometer,  which  is  much  ased  in  France,  aad  other  eonatries  of  the  eoatiaaU 
of  Europe,  when  planged  in  pare  water,  at  the  temperatnre  of  fiS^  Fahr.,  narfcs  0  apos 
its  scale ;  in  a  solution  containing  15  per  cenL  of  eommoa  salt  (chloride  of  aodinB)  ssd 
S&  of  water  by  weight,  it  marks  15**;  so  that  each  degree  is  meant  to  indicate  a  deuitf 
corresponding  to  one  per  cent,  of  that  salt.  See  Auombtkb,  fin-  coniparatiTe  tables  of 
hydrometers.   

H  YDROSULPHURETS ;  chemical  eonpoands  of  bases  with  salphnrelcd  hydrogen. 

HYMEN(EA  COURBARIL  i  a  tree  growing  in  South  Amerle^  fh»  which  the  rests 
oaime  exudes. 

HYOSCIAMUS  NIGER.  Henbane  is  a  plant  used  in  medicine,  from  which  msdem 
chemistry  has  extracted  a  new  crystalline  vegetable  princi|de  called  hyofciamtnc,  which  is 
very  poisonous,  and  when  applied  in  solution  to  the  eye,  detenoincs  n  icmarkabie  dilsti' 
tion  of  the  pupil ;  as  bdladtnm  also  does. 

HYPOSULPHATES;  HTVosuLPHms ;  saline  compounds  of  the  hypoonlpfavie  or 
hyposulphurous  acid  with  bases. 

HYPEROXYMURIATES ;  the  old  and  ineoneet  name  of  CBionATBS. 


I.  &  J. 

JACK,  called  aliU)  jack  in  a  box,  and  hand  jack,  is  a  portable  mechaoical  instrument, 
consistini^  of  a  rack  and  pinion,  or  a  pair  of  claws  and  ratchet  bar,  moved  by  a  winch 
handle,  for  raisin?  heavy  weiirhts  a  little  way  off  the  ground. 

JACK  and  JACIK-SINKEHS,  are  parts  of  a  stocking  frame ;  see  Hosiery. 

JACK-BACK,  is  the  largest  jack  of  the  brewer. 

JACQUARD.  A  peculiar  and  most  ingenious  mechanism,  invented  by  M.  Jac- 
quart  of  Lyons,  to  be  adapted  to  a  silk  or  muslin  loom  for  superseding  the  employment 
of  draw-boys,  in  weaving  figured  goods.  Independently  of  the  ordinary  play  of  the 
warp  threads  for  the  formation  of  the  ground  of  such  a  web,  all  those  threads  which 
should  rise  simultaneously  to  produce  the  figure,  have  their  appropriate  hcalds,  which  a 
child  formerly  raised  by  means  of  cords,  that  grouped  them  together  into  a  system,  in 
the  order,  and  at  the  time  desired  by  the  weaver.  This  plan  evidently  occasioned  no 
little  complication  in  the  machine,  when  the  design  was  richly  6gured  ;  but  the  apparatos 
of  Jacquart,  which  subjects  this  mancpuvre  to  a  regular  meclianical  operation,  and  derive; 
its  motion  from  a  simple  pedal  put  in  action  by  the  weaver's  feet,  was  generally  adopted 
soon  after  its  invention  in  J 800.  Every  common  loom  is  susceptible  of  receiving  this 
beautiful  appendage.  It  costs  in  France,  200  francs,  or  8/.  sterling ;  and  a  little  more 
in  this  country. 

Fig.  566  is  a  front  elevation  of  this  mechanism,  supposed  to  be  let  down.  Fig.  567 
is  a  cross  section,  shown  in  its  highest  position.  Fig,  568  the  same  section  as  the  pre- 
cedine,  but  seen  in  its  lower  position. 

A,  is  the  fixed  part  of  the  frame,  supposed  to  form  a  part  of  the  ordinary  loom ;  there 
are  two  uprit^hts  of  wood,  with  two  cross  bars  uniting  them  at  their  upper  ends,  and 
leaving  an  interval  x  y,  between  them,  to  place  and  work  the  moveable  frame  b,  vibrating 
round  two  fixed  points  a  a,  placed  laterally  opposite  each  other,  in  the  middle  of  the 
space  X  y.  Jig.  566. 

c,  is  a  piece  of  iron  with  a  peculiar  curvature,  seen  in  front,  fig.  666,  and  in  profile, 
figs.  567  and  568.  It  is  fixed  on  one  side  upon  the  upper  cross-bar  of  the  frame  b,  and 
on  the  other,  to  the  intermediate  cross-bar  6  of  the  same  frame,  where  it  shovrs  an  inclined 
curvilinear  space  c,  terminated  below  by  a  semi-circle. 

D,  is  a  square  wooden  axis,  moveable  upon  itself  round  two  iron  pivots,  fixed  into  its  two 
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ends ;  which  axis  occupies  the  bottom  of  the  moveable  frame  b.  The  four  faces  of  this 
square  axis  are  pierced  wiih  three  round,  equal,  truly-bored  holes,  arranged  in  a  quin- 


eanx.  The  teeth  a^fi^.  570,  are  stuck  into  each  face,  and  correspond  to  holes  Cyfig,  573, 
made  in  the  cards  which  constitute  the  endless  chain  for  the  healds ;  so  that  in  the  sue- 
cessive  application  of  the  cards  to  each  face  of  the  square  axi»,  the  holes  pierced  in  one 
card  maf  always  fall  opposite  to  those  pierced  in  the  other. 


664 


JACQUARD  LOOM. 


The  right-hand  end  of  the  square  axis,  of  which  a  section  is  tliowii  in  double 
fig,  569,  carries  two  square  plates  of  sheet  iron  d,  kept  parallel  to  each  other  tul 
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569 


a  little  apart,  by  four  spindles  e,  pass^  opposite  to  the  comers.    This  is  a  kind  cf 
lantern,  in  whose  spindles  the  hooks  of  the  levers  /  fy  turning  round  fixed  points 
beyond  the  right  hand  uprisrhi  a,  catch  hold,  either  above  or  below,  at  the  pleasore  of  the 
weaver,  according  as  he  merely  pulls  or  lets  go  the  cord  2,  during  the  yibratory  movemeot 

of  the  frame  b. 

E  is  a  piece  of  wood  shaped  like  a  T,  the  stem  of  which,  prolonged  upwards,  ptsees 
freely  through  the  cross-bar  6,  and  throui^h  the  upper  cross-bar  of  the  frame  b,  which  serve 
as  guides  to  it.  The  head  of  the  T  piece  beinsr  applied  successively  against  the  two 
spindles  placed  above  in  a  horizontal  position,  first  by  its  weight,  and  then  by  the  spiral 
spring  hy  acting  from  above  downwards,  keeps  the  square  axis  in  its  position,  while  it  per- 
mits it  to  turn  upon  itself  in  the  two  directions.  The  name  press  is  given  to  the  assembbge 
of  all  the  pieces  which  compose  the  moveable  frame  b  b. 

r  is  a  cros<«-bar  made  to  move  in  a  vertical  direction  by  means  of  the  lever  ta  the 
notches  or  grooves  t,  formed  within  the  fixed  uprights  a. 

H  is  a  piece  of  bent  iron^  fixed  by  one  of  its  ends  with  a  nut  and  screw,  upon  the  cross- 
bar F,  out  of  the  vertical  plane  of  the  piece  c.  Its  other  end  carries  a  friction  roller  j, 
which  working  in  the  curvilinear  space  cof  the  piece  c,  forces  this,  and  consequently  the 
frame  b,  to  recede  from  the  perpendicular,  or  to  return  to  it,  according  as  the  cross-bar  r 
is  in  the  top  or  bottom  of  its  course,  as  shown  in  figs.  567  and  568. 

I,  cheeks  of  sheet  iron  atloched  on  either  side  to  the  cross-bar  f,  which  serve  as  a  safe 
to  a  kind  of  claw  k,  composed  here  of  eight  small  metallic  bars,  seen  in  section^.  567 
and  5().^,  and  on  a  greater  scale  in  fig.  570. 

J,  upiiifht  skewers  of  iron  wire,  wliose  lops,  bent  down  hook-wise,  naturally  place 
themselves  over  the  little  bars  ic.  The  bottom  of  these  spindles,  likewise  hooked  in  the 
same  direction  as  ihe  upper  ones,  embraces  <:mall  wooden  bars  /,  whose  ollice  is  to  keep 
them  in  Iheir  respective  places,  and  to  prevent  them  from  iwirlin?  roiin-J,  so  thai  Ihe 
uppermost  hooks  may  be  always  directed  towards  the  small  metallic  bars  upon  which 
ihey  impend.  To  these  hooks  from  below  are  attached  striny^s,  which,  after  having 
crossed  a  fixed  board  rn  w,  pierced  with  corresponding  holes  for  this  purpose,  proceed 
next  to  be  attached  to  the  threads  of  the  loops  destined  to  lift  the  warp  threads,  k  k, 
horizcmtal  spindles  or  needles,  arranged  here  in  ei?ht  several  rows,  so  that  each  spindle 
corresponds  both  hoiizontaliy  and  vertically  to  each  of  ihe  holes  pierced  in  the  four  faces 
of  the  square  axis  d.  Tliere  are  therefore  as  many  of  these  spindles  as  there  are  holes  in  one 
of  the  faces  of  the  square. 

Fig.  571  represents  one  of  these  horizontal  spindles,    n  is  an  eyelet  through  which  the 

p        o  * 

correspondini;  vertical  skewer  passes.  0  another  elongated  eyelet,  through  which  a  small 
fixed  spindle  passes  to  serve  as  a  euide,  but  which  does  not  hinder  it  from  moving  length- 
wise, within  the  limits  of  the  lencth  of  the  eyelet.  small  spiral  sprines  placed  in  each 
hole  of  the  case  q  q,fig.  570.  They  serve  the  purp<ise  of  bringing  back  to  its  primilive 
position,  every  correspondins  needle,  as  soon  as  it  ceases  to  press  upon  it. 

i-Vg.  572  represents  the  plan  of  ihe  upper  row  of  horizontal  needles.  Fig.  573  is  a 
fragment  (»f  the  endless  chain,  formed  with  perforated  cards,  which  are  made  to  circulate 
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travel  by  the  rotation  of  the  shaft  d.  In  this  movement,  each  of  the  perforated  cards, 
liose  position,  form,  and  number,  are  determined  by  the  operation  of  tying-up  of  the 
&rp,  comes  to  be  applied  in  succession  against  the  four  faces  of  the  sqnare  axis  or  drum, 
aving  open  the  corresponding  holes,  and  covering  those  upon  the  face  of  the  axis,  which 
ive  no  corresponding  holes  upon  the  card. 

Now  let  us  suppose  that  the  press  b  is  let  down  into  the  vertical  position  shown  in 
g.  568 ;  then  the  card  applied  against  the  leA  face  of  the  axis,  leaves  at  rest  or  un- 
uched  the  whole  of  the  horizontal  spindles  (skewers),  whose  ends  correspond  to  these 
>les,  but  pushes  back  those  which  are  opposite  to  the  unpierced  part  of  the  card ;  thereby 
le  corresponding  upright  skewers,  3,  5,  €,  and  8,  for  example,  pushed  out  of  the  perpcn- 
cnlar,  unhook  themselves  from  above  the  bars  of  the  claw,  and  remain  in  their  place, 
hen  this  claw  comes  to  be  raised  by  means  of  the  lever  o ;  and  the  skewers  1,  2, 4,  and 
,  which  have  remained  hooked  on,  are  raised  along  with  the  warp  threads  attached  to 
lem.  Then  by  the  passage  across  of  a  shot  of  the  color,  as  well  as  a  shot  of  the  common 
eft,  and  a  stroke  of  the  lay  after  shedding  the  warp  and  lowering  the  press  b,  an  element 
r  point  in  the  pattern  is  completed. 

The  following  card,  brought  round  by  a  quarter  revolution  of  the  axis,  finds  all  the 
ecdles  in  their  first  position,  and  as  it  is  necessarily  perforated  differently  from  the  pre- 
sding  card,  it  will  lift  another  series  of  warp  threads ;  and  thus  in  succession  for  all  the 
ther  cards,  which  compose  a  complete  system  of  a  figured  pattern. 

This  machine,  complicated  in  appearance,  and  which  requires  some  pains  to  be  under- 
Mod,  acts  however  in  a  very  simple  manner.  Its  whole  play  is  dependant  upon  the 
lovement  of  the  lever  o,  which  the  weaver  himself  causes  to  rise  and  fall,  by  means  of 

peculiar  pedal ;  so  that  without  the  aid  of  any  person,  after  the  piece  is  properly  read 
I  and  mounted,  he  can  execute  the  most  complex  patterns,  as  easily  as  he  could  weave 
lain  goods ;  only  attending  to  the  order  of  his  weft  yarns,  when  these  happen  to  be  of 
iflTerent  colors. 

If  some  warp  yarns  should  happen  to  break  without  the  weaver  observing  them,  or 
tionld  he  mistake  his  colored  shuttle  yams,  which  would  so  far  disfigure  the  pattern, 
e  must  undo  his  work.  For  this  purpose,  he  makes  use  of  the  lower  hooked  lever 
rhoee  purpose  is  to  make  the  chain  of  the  card  go  backwards,  while  work  ins:  the  loom 
B  usual,  withdrawing  at  each  stroke  the  shot  both  of  the  ground  and  of  the  figure.  The 
reaver  is  the  more  subject  to  make  mistakes,  as  the  figured  side  of  the  web  is  downwards, 
nd  it  is  only  with  the  aid  of  a  bit  of  looking-glass  that  he  takes  a  peep  of  his  work  from 
ime  to  time.  The  upper  surface  exhibits  merely  loose  threads  in  different  points,  accord- 
ig  as  the  pattern  requires  them  to  lie  upon  the  one  side  or  the  other. 

Thus  it  must  be  evident,  that  such  a  number  of  paste- boards  are  to  be  provided  and 
lonnted  as  equal  the  number  of  throws  of  the  shuttle  between  the  beginning  and  end  of 
ny  figure  or  design  which  is  to  be  woven ;  the  piercing  of  each  paste-board  individually, 
rill  depend  upon  the  arrangement  of  the  lifting  rods,  and  their  connexion  with  the  warp, 
rliich  is  according  to  the  design  and  option  of  the  workman ;  great  care  must  be  taken 
bat  the  holes  come  exactly  opposite  to  the  ends  of  the  needles ;  Cor  this  purpose  two  large 
oles  are  made  at  the  ends  of  the  paste-boards,  which  fall  upon  conical  points,  by  which 
leans  they  are  made  to  register  correctly. 

It  will  be  hence  seen,  that,  according  to  the  length  of  the  figure,  so  must  be  the 
umber  of  paste-boards,  which  may  be  readily  displaced  so  as  to  remount  and  produce 
he  figure  in  a  few  minutes,  or  remove  it,  or  replace  it,  or  preserve  the  figure  for  future 
ise.  The  machine,  of  course,  will  be  understood  to  consist  of  many  sets  of  the  lifting 
ods  and  needles,  shown  in  the  diagram,  as  will  be  perceived  by  observing  the  disposition 
f  the  holes  in  the  paste-board;  those  holes,  in  order  that  they  may  be  accurately 
istributed,  are  to  be  pierced  from  a  gauge,  so  that  not  the  slightest  variation  shall  take 
lace. 

To  form  these  card-slips,  an  ingenious  apparatus  is  employed,  by  which  the  proper  steel 
mnches  required  for  the  piercing  of  each  distinct  card,  are  placed  in  their  relative  situa- 
krns  preparatory  to  the  operation  of  piercinir,  and  also  by  its  means  a  card  may  be  punched 
rith  any  number  of  holes  at  one  operation.  This  disposition  of  the  punches  is  effected 
ly  means  of  rods  connected  to  cords  disposed  in  a  frame,  in  the  nature  of  a  false  simple, 
n  which  the  pattern  of  the  work  to  be  performed  is  first  read  in. 

These  improved  pierced  cards,  slips,  or  paste-boards,  apply  to  a  weaving  apparatus, 
rhich  is  so  arranged  that  a  figure  to  be  wrought  can  be  extended  to  any  distance  along 
he  loom,  and  by  that  means  the  loom  is  rendered  capable  of  producing  broad  figured 
forks ;  having  the  lone  lever  o  placed  in  such  a  situation  that  it  afifords  power  to  the 
oot  of  the  weaver,  and  by  this  means  enables  him  to  draw  the  heaviest  morintures  and 
ignred  works,  without  the  assistance  of  a  draw-boy. 

The  machinery  for  arranging  the  punches,  consists  of  a  frame  with  four  upright 
tandards  and  cross-pieces,  which  contains  a  series  of  endless  cords  passing  under  a 
rooden  roller  at  bottom,  and  over  pulleys  at  the  top.  These  pulleys  are  mounted  on 
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axles  in  two  frames,  placed  obliquely  over  the  top  of  the  standard  frame,  which  poBej- 
frames  constitute  the  table  commonly  used  by  weavers. 

In  order  better  to  explain  these  endless  cords,  fig.  574  represents  a  single  eniQni 
cord  1,  If  which  is  here  shown  in  operation,  and  part  of  another  endless  cord  2,  2,ski«i 

stationary.  There  must  be  as  many  endless  eodi 
in  ihis  frame  as  needles  in  the  weaying-loom.  •  ■ 
the  wooden  cylinder,  rcYolving  upon  its  axis  at  tk 
lower  part  of  the  standards ;  6  6,  the  two  pulleys  of  tk 
pulley-frames  above,  over  which  the  individual  eid- 
less  cord  passes ;  c  is  a  small  traverse  ring.  To  mk 
of  these  rings  a  weight  is  suspended  by  a  single  tkred, 
for  the  purpose  of  giving  tension  to  the  endless  coii 
(f  is  a  board  resembling  a  common  comber-bar,  wUek 
is  supported  by  the  cross-bars  of  the  standard  fhae^ 
and  is  pierced  with  holes,  in  situation  and  niunba, 
corresponding  with  the  perpendicular  threads  tbit 
pass  through  them ;  which  board  keeps  the  thretdi 
distinct  from  each  other. 

At  e,  the  endless  cord  passes  through  the  cyescf 
wires  resembling  needles,  which  are  contained  is  a 
wooden  box  placed  in  front  of  the  machine,  andskon 
in  this  figure  in  section  only.  These  wires  are  cslM 
the  pundi'prcjectors ;  they  are  guided  and  sapportfll 
by  horizontal  rods  and  vertical  pins,  the  UXtad 
which  pass  through  loops  formed  at  the  hinder  put 
of  the  respective  wires.  At  /  are  two  horixostil 
rods  extending  the  whole  width  of  the  machine,  ki 
the  purpose  of  producing  the  cross  in  the  ooidi;  f 
is  a  thick  brass  plate,  extending  along  in  front  of  tk 

  machine,  and  lying  close  to  the  box  which  holds  tk 

punch-projectors ;  this  plate  g,  shown  also  in  section,  is  called  the  punch-holder  ;  it  cootsiM 
the  same  number  of  apertures  as  there  are  punch-projectors,  and  disposed  so  as  to  eorrei- 
pond  with  each  other.  In  each  of  these  apertures,  there  is  a  punch  for  the  purpose  of 
piercing  thp  cards,  slips,  or  pasteboards  with  holes;  A  is  a  thick  steel  plate  of  the  lUDe 
size  as  ^,  and  shown  likewise  in  section,  corresponding  also  in  its  number  of  apertures, 
and  their  disposition,  with  the  punch-projectors  and  the  punch-holder.  This  plate  A,  it 
called  tlie  punch-receiver. 

The  object  of  this  machine  is  to  transfer  such  of  the  punches  as  may  be  required  for 
piercing  any  individual  card  from  the  punch-holder  g,  into  the  punch-receiver  h;  whei 
they  will  be  properly  situated,  and  ready  for  piercing  the  individual  card  or  slip,  vith 
such  holes  as  have  been  read  in  upon  the  machine,  and  are  required  for  permitting  tk 
warp  threads  to  be  withdrawn  in  the  loom,  when  this  card  is  brought  against  the  ends 
of  the  needles.  The  process  of  transferring  the  patterns  to  the  punches  will  be  efiiected 
in  the  following  manner. 

The  pattern  is  to  be  read  in,  according  to  the  ordinary  mode,  as  in  a  false  simple, 
upon  the  endless  cords  below  the  rods /,  and  passed  under  the  revolving  wooden  cylinder 
a,  to  a  sufficient  height  for  a  person  in  front  of  the  machine  to  reach  conveniently.  He 
there  takes  the  upper  threads  of  the  pattern,  called  the  heard,  and  draws  them  forward 
so  as  to  introduce  a  stick  behind  the  cords  thus  advanced,  as  shown  by  dots,  for  the  par- 
pose  of  keeping  them  separate  from  the  cords  which  are  not  intended  to  be  operated 
upon.  All  the  punch-projectors  which  are  connected  with  the  cords  brought  forward, 
will  be  thus  made  to  pass  through  the  corresponding  apertures  of  the  punch-holder  f, 
and  by  this  oieans  will  project  the  punches  out  of  these  apertures,  into  correspondiof 
apertures  of  the  punch-receiver  h.  The  punches  will  now  be  properly  arranged  for 
piercing  the  required  holes  on  a  card  or  slip,  which  is  to  be  effected  in  the  following 
manner. 

Remove  the  punch-receivers  from  the  front  of  the  machine ;  and  having  placed  one 
of  the  slips  of  card  or  pasteboard  between  the  two  folding  plates  of  metal,  completely 
pierced  with  holes  coi  responding  to  the  needles  of  the  loom,  lay  the  punch-receiver  upon 
those  perforated  plates;  to  which  it  must  be  made  to  fit  by  mortises  and  blocks,  tk 
cutting  parts  of  the  punches  being  downwards.  Upon  the  back  of  the  punch-rcceirer 
is  then  to  be  placed  a  plate  or  block,  studded  with  perpendicular  pins  corresponding  to 
the  above  described  holes,  into  which  the  pins  will  fall.  The  plates  and  the  blocks  ihos 
laid  together,  are  to  be  placed  under  a  press,  by  which  means  the  pins  of  the  block  will 
be  made  to  pass  through  the  apertures  of  the  punch-receiver ;  and  wherever  the  poach 
has  been  deposited  in  the  receiver  by  the  above  process,  the  said  punches  will  be  foreed 
through  the  slip  of  pasle\>oatd,  ^vett^mxYi  vQ>.^VLVksita  «a  are  required  for  prodaciil 
the  figured  design  in  the  loom. 


ICE-HOUSE. 


667 


Each  card  being  thus  pierced,  the  punch  receiTcr  is  returned  to  its  plpce  in  front  of 
the  machine,««nd  all  the  punches  forced  back  again  into  the  aperlurfs  of  ihe  punch- 
holder  as  at  first.  The  next  set  of  cords  is  now  drawn  forward  by  the  next  beardj  as 
above  described,  which  sends  out  ihe punch-yrojeciors  as  before,  and  disposes  (he  punches 
in  the  punch-receiver,  ready  for  the  operation  of  piercing  the  next  card.  The  process 
being  thus  repeated,  the  whole  pattern  is,  by  a  number  of  operations,  transferred  to  the 
punches,  and  afterwards  to  the  cards  or  slips,  as  above  described. 

JADE,  axe-stone  {Nephrite,  Cerauniie,  Fr.),  is  a  mineral  commonly  of  a  greenish 
color,  compact,  and  of  a  fatty  lustre.  Spec.  Grav.  2*95 ;  scratches  ela»«,  is  very  tough ; 
fuses  into  a  white  enamel.  Its  constituents  are,  silica,  50*5 ;  alumina,  10 ;  maenesia,  31 ; 
oxyde  of  iron,  5'50 ;  oxyde  of  chrome,  0*05 ;  water,  2*75.  It  comes  from  China,  is  used 
among  rude  nations  for  making  hatchets;  and  is  susceptible  of  being  cut  into  any 
form. 

JAPANNING,  is  a  kind  of  varnishing  o^lackering,  practised  with  excellence  by  the 
Japanese,  whence  the  name.   See  Yarni^V 

JASPER  (Jaape  calcedoine,  Fr. ;  Jcupis,  Germ.)  is  a  sub  species  of  calcedrny  quarts, 
of  which  there  are  five  varieties.  1.  The  Egyptian  red  and  brown,  with  ring  or  tendril- 
shaped  delineations.  2.  Striped  jasper.  3.  Porcelain  jasper.  4.  Common  jasper.  5. 
Agate  jasper.  The  prettiest  specimens  are  cut  for  seals,  and  for  the  inferior  kmds  of 
jewellery  ornaments.   See  Lapidary. 

ICE-HOUSE ;  (GlacQrey  Fr. ;  Eishaut,  Germ.)  Under  the  article  Fbefzino  I  have 
enumerated  the  different  artificial  methods  of  producing  cold.  But  for  the  uses  of  com- 
mon life,  in  these  climates,  the  most  economical  and  convenient  means  of  refrigeration  in 
hot  weather  may  be  procured  by  laying  up  a  store  of  ice  in  winter,  in  such  circumstances 
as  will  preserve  it  solid  during  summer. 

An  ice-house  should  not  be  regarded  as  an  object  of  mere  luxury,  for  pleasing  the  pal- 
ates of  gourmands  with  iced  creams  and  orgeats.  In  the  southern  countries  of  Europe 
it  is  considered  among  people  in  easy  circumstances  as  an  indispensable  appendage  to  a 
country  mansion.  During  the  Dog-days,  especially  at  those  periods  and  in  those  dis- 
tricts where  the  sirocco  blows,  a  lassitude  and  torpor  of  mind  and  body  supervene,  with 
indigestion  or  total  loss  of  appetite,  and  sometimes  dysenteries,  which  are  obviously  oc- 
casioned by  the  excessive  heat,  and  are  to  be  prevented  or  counteracted  chiefly  by  the  use 
of  cold  beverages.  By  giving  tone  to  the  stomach,  iced  drinks  immediately  restore  the 
functions  of  the  nervous  and  muscular  systems  when  they  are  languid ;  while  they  enable 
persons  in  health  to  endure  without  much  inconvenience  an  atmosphere  so  close  and 
sultry  as  would  be  intolerable  without  this  remedy.  Ice-houses,  moreover,  afford  to 
country  gentlemen  a  great  advantage  in  enabling  them  to  preserve  their  fish,  butcher 
meat,  dead  poultry,  and  game,  which  would  otherwise,  in  particular  states  of  the  weather, 
immediately  spoil.  Considering  at  how  little  expense  and  trouble  an  ice-house  can  be 
constructed,  it  is  surprising  that  any  respectable  habitation  in  the  country  should  not  have 
one  attached  to  it.  The  simplest  and  most  scientific  form  is  a  double  cone,  that  is,  two 
cones  joined  base  to  base ;  the  one  being  of  stones  or  brickwork,  sunk  under  ground  with 
its  apex  at  the  bottom,  into  which  the  ice  is  rammed  ;  the  other  being  a  conical  roof  of 
carpentry  covered  with  thatch,  and  pointed  at  top.  The  entrance  should  be  placed  always 
on  the  north  side ;  it  should  consist  of  a  corridor  or  porch  with  double  doors,  and  be 
screened  from  the  sunbeams  by  a  small  shrubbery.  Such  are,  in  general,  the  principles 
upon  which  an  ice-house  should  be  formed;  but  they  will  be  belter  understood  by  the 
following  explanation  and  figure. 

A  dry  sandy  soil  should  be  selected,  and,  if  possible,  a  spot  sheltered  by  a  clifi*  or  other 
natural  barrier  from  the  direct  rays  of  the  sun.  Here  a  cavity  is  to  be  dug  about  16  feet 
in  diameter,  terminating  below  like  the  point  of  a  sugar  loaf.  Its  ordinary  depth,  for 
a  moderate  family,  may  be  about  24  feet ;  but  the  larger  its  dimensions  are,  the  longer 
wfll  it  preserve  the  ice,  provided  it  be  filled.  In  digging,  the  workman  should  slope  the 
ground  progressively  towards  the  axis  of  the  cone,  to  prevent  the  earth  falling  in.  This 
conical  slope  should  be  faced  with  brick  or  stone  work  about  one  foot  thick,  and  jointed 
with  Roman  cement  so  as  to  be  air  and  water  tight.  A  well  is  to  be  excavated  at  the 
bottom  two  feet  wide  and  four  deep,  covered  at  top  with  an  iron  grating  for  supporting 
the  ice,  and  letting  the  water  drain  away. 

The  upper  cone  may  likewise  be  built  of  brickwork,  and  covered  with  thatch ;  such  a 
roof  would  prove  the  most  durable.  This  is  the  construction  shown  in  fig,  575.  What- 
ever kind  of  roof  be  preferred,  there  must  be  leA  in  it  an  oblong  passage  into  the  interior. 
This  porch  should  face  the  north,  and  be  at  least  8  feet  long  by  2^  feet  wide ;  and  per- 
fectly closed  by  a  well-fitted  door  at  each  end.  All  round  the  bottom  of  this  conical 
cover,  a  gutter  should  be  placed  to  carry  ofif  the  rain  to  a  distance  from  the  ice-house,  and 
prevent  the  circumjacent  ground  from  getting  soaked  with  moisture. 

Fig.  575  shows  the  section  of  a  well-constructed  ice-house.  Under  the  ice-cham- 
ber A  the  ice  is  rammed  into  the  space  b.    c  is  the  grate  of  the  drain-sink  d.  The 
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fortimi  X  X  is  Mh  ix  laUk  or  tUmet  the  Inse  l  of  the  iee-dmibv  dop^  imrdi 
wta&B  the  eentre  at  c    The  vpper  pert  of  the  hriekworkxi  is  e  litde  wn[  hdow  tibc 

ierel  of  the  groiuid.  The  wooden  fioae  vak 
r  r  r  r  Ami  the  roof,  and  it  eotcred  with  Okk 
thatch,  o  R  ii  the  wooden  wotk  of  the  doori.  it 
K  the  hocket  is  seen  ibr  lifUaf  vp  n  duuge  of  iee^ 
hy  means  of  the  oofd  j  paasiB|  over  the  pnliqrn, 
which  enahles  the  semnt  to  nae  it  eoailf • 

The  leehoose  shooM  hnve  no  window  to  aW 
light;  hot  he,  so  to  speak,  hemetaenUj  aeaU  m 
ererr  poiat,  eraepi  at  Its  eew-pooi,  wUch  m) 
tenmnate  in  a  water  trap  to  prevent  circalatiBa 
air. 

A  el^  day  shonU  he  selected  Ibr  ebrntf^  Or 
icehooJ^  hot  belhro  hrginaiag  lo  HL  n  qpuiilF 
of  long  dry  straw  shonU  he  Inid  on  hoilM 
erossme)  and  as  the  ieels  piogreasiveljintiodBeBit 
straw  is  to  he  spread  against  the  eonieal  ddes^  ts  in- 
▼ent  the  ice  ftoB  eoming  into  contnct  with  the  link 
or  stone  worlc  Th»  matt  fimlj  oooipncted  the  ice 
is,  the  hetter  does  it  keeps  with  which  Tiew it  Mi 
he  hroken  into  pieees  with  mnOeta  befbra  hMf 
thrown  in.  No  kyen  of  straw  ahonld  he  strsliiel 
amoag  the  lee,  ibr  they  wonld  make  iln  bod|  psnaii 
Some  persons  recommend  to  poor  in  a  littis  wer 
with  the  soecessiYc  layen  of  ice,  in  order  to  ffil  np  its  small  ertTice%  and  eonvwt  tks 
whole  ioto  one  mass. 

(hrer  the  top  layer  a  thick  bed  of  straw  should  he  spread,  whidi  la  to  he  eoisni 
with  boards  sarmonnted  with  hesTy  stones,  to  dose  np  the  interaticea  in  the  Uraw.  Ihi 
inner  and  outer  doors  thonld  never  be  opened  at  once ;  hot  the  Oaeshonld  nlwnjs  he  dm 
hefore  the  other  is  opened. 

Dry  snow  wdl  rammed  keeps  eqnally  well  with  hard  ice,  if  care  he  taken  to  leave  as 
cavities  ia  the  mass,  and  to  secure  its  compactness  by  spriddlng  a  little  wnlcr  npen  Iks 
snccessive  charges. 

To  facililate  the  extraction  of  the  ice,  a  ladder  is  set  op  against  its  sloping  wall  at  oae 
side  of  the  door,  and  left  there  during  the  season. 

JELLY,  VEGETABLE,  of  ripe  currants  and  other  berries,  is  a  compound  of  mncikge 
and  acid,  which  loses  its  power  of  gelatinizing  by  prolonged  ebullition. 

JELLY,  ANIMAL ;  see  Gelatine,  Glue,  and  Isinglass. 

JET  (Jaiet  or  jaw,  Fr.),  a  species  of  pitch-coal  or  glance-coal,  which,  being  found 
abundantly  in  a  beautiful  compact  form,  in  the  valley  of  Hers,  arrondissement  of  Pamiers, 
department  of  the  Arridge,  has  been  worked  up  extensively  there  from  time  immemonal, 
into  a  multitude  of  ornamental  articles.  With  this  black  lignite,  buttons,  crosses,  rosaries, 
necklaces,  ear-drops,  bracelets,  waist-buckles,  8lc,  are  made,  which  were  at  one  time 
much  worn  by  ladies  for  mourning  dresses.  The  greater  number  of  these  ornaments  are 
fashioned  upon  grind-stones  which  turn  in  a  horizontal  direction,  and  are  kept  continuaUj 
wet ;  others  are  turned  at  the  lathe,  or  shaped  by  Ales. 

About  40  years  ago  this  manufacture  employed  from  1000  to  1200  operatives ;  at  present 
it  gives  bread  to  only  60.  This  falling  off  may  be  ascribed  to  the  successful  imitation  of 
the  jet  articles  by  those  of  black  glass,  which  are  equally  beautiful,  and  not  nearly  so 
apt  to  lose  their  polish  by  use. 

IMPERMEABLE,  is  the  epithet  given  to  any  kind  of  textile  fhbric,  rendered  water 
proof  by  one  or  other  of  the  following  substances ; — 

1.  Linseed  oU  to  which  a  drying  quality  has  been  communicated  by  boiling  with  litharge 
or  sugar  of  lead,  &c. 

2.  The  same  oil  holding  in  solution  a  little  caoutchouc. 

3.  A  varnish  made  by  dissolving  caoutchouc  in  rectified  petroleum  or  naptha,  applied 
between  two  surfaces  of  cloth,  as  described  under  Mackintosh's  patent.    See  Caout- 

CHOVC. 

4.  Vegetable  or  mineral  pitch,  applied  hot  vrith  a  brush,  as  in  making  tarpawlmg  for 
covering  goods  in  ships. 

6.  A  solution  of  soap  worked  into  cloth,  and  decomposed  in  it  by  the  actioa  of  a 
solution  of  alum ;  whence  results  a  mixture  of  acid  fats  and  alumina,  which  insinnatei 
itself  among  all  the  woolly  filaments,  fiiUs  their  interstices,  and  prevents  the  passage  of 
water. 

6.  A  solution  of  glue  or  .singlass,  introduced  into  a  stuff,  and  then  acted  upon  by  s 
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dear  infusion  of  galls,  ivhereby  the  fibres  get  impregnated  with  an  insoluble,  impermea- 
ble,  pnlvenilent  leather. 

7.  Plaster  work  is  rendered  impermeable  by  mixing  artificial  or  natural  asphaltum 
with  it. 

JEWELLERY,  jlrt  of.   See  Gem  and  Lapidary. 

INCOMBUSTIBLE  CLOTH  is  a  tissue  of  the  fibrous  mineral  called  amianthus  or 
asbestos.  This  is  too  rare  to  form  the  object  of  any  considerable  manufacture.  Cotton 
and  linen  cloth  may  be  best  rendered  incapable  of  taking  fire,  or  burning  with  flame,  by 
bein?  imbued  with  a  solution  of  sal  ammoniac. 

INCUBATION,  ARTIFICIAL.  The  Egyptians  have  from  time  immemorial  been 
aecQstomed  to  hatch  eggs  by  artificial  warmth,  without  the  aid  of  hens,  in  peculiar  stoves, 
called  Mammah,  The  inhabitants  of  the  village  Berme  still  travel  through  the  most 
distant  provinces  of  Ei^^pt  at  certain  seasons  of  the  year,  with  a  portable  furnace,  heated 
by  a  lami^  and  either  hatch  chickens  for  sale,  or  undertake  to  hatch  the  eggs  belonging 
to  the  natives  at  a  certain  rate  per  dozen.  M.  de  Reaumur  published  in  France,  about  a 
eentory  ago,  some  ini^enious  observations  upon  this  subject ;  but  M.  Bonnemain  was  the 
ftrsC  person  who  studied  with  due  attention  all  the  circumstances  of  artificial  incubation, 
aad  mounted  the  process  successfully  upon  the  commercial  scale.  So  far  back  as  1777 
he  communicated  to  the  Academy  of  Sciences  an  interesting  fact,  which  he  had  noticed, 
apoa  the  mechanism  employed  by  chicks  to  break  their  shells ;  and  fur  some  time  prior 
to  the  French  revolution  he  furnished  the  Parisian  market  with  excellent  poultry  at  a 
period  of  the  year  when  farmers  had  ceased  to  supply  it.  His  establishment  was  ruined 
ai  that  disastrous  era,  and  no  other  has  ever  since  been  constructed  or  conducted  with 
similar  care.  As  there  can  be  no  doubt  however  of  the  practicability  and  profitableness 
of  the  scheme,  when  judiciously  managed,  I  shall  insert  a  brief  account  of  his  ingenious 
arrmngements.  I  had  the  pleasure  of  making  the  acquaintance  of  this  amiable  old  man 
at  toj  first  visit  to  Paris,  many  years  ago,  and  believe  all  his  statements  to  be  worthy  of 
credit.  Some  imitations  of  his  plans  have  been  made  in  this  country,  but  how  far  they 
haTe  succeeded,  in  an  economical  point  of  view,  it  is  difl&cult  to  determine.  His  appa- 
ratus derives  peculiar  interest  from  the  fact  that  it  was  founded  upon  the  principle  of  the 
circulation  of  hot  water,  by  the  intestine  motions  of  its  particles,  in  a  returning  series  of 
connected  pipes;  a  subject  afterwards  illustrated  in  the  experimental  researches  of  Count 
Rnmford.  It  has  of  late  years  been  introduced  as  a  novelty  into  this  country,  and  applied 
to  warm  the  apartments  of  many  public  and  private  buildings.  The  following  details 
will  prove  that  the  theory  and  practice  of  hot  water  circulation  were  as  perfectly  underw 
stood  by  M.  Bonnemain,  fiAy  years  ago,  as  they  are  by  any  of  our  stove^octors  at  the 
present  day.  They  were  then  publicly  exhibited  at  his  residence  in  Paris,  and  were 
afterwards  communicated  to  the  world  at  large  in  the  interesting  article  of  the  Pic/tda- 
aotra  Teeknologiqney  entitled  Incubation  jlrtijicUlle. 

The  apparatus  of  M.  Bonnemain  consisted :  1 .  of  a  boiler  and  pipes  for  the  circnla 
tioB  of  water ;  2.  of  a  regulator  calculated  to  mainUin  an  equable  temperature ;  3.  of 
a  stove-apartment,  heated  constantly  to  the  degree  best  fitted  for  incubation,  which  he 
called  the  hatching  pitch.  He  aUached  to  one  side  a  poussinicre  or  chick-room,  for  cher^ 
ishing  the  chickens  during  a  few  days  after  incubation. 

The  boiler  is  represented  in  vertical  Mction  and  ground  plan,  in  figs,  576  and  577. 
It  is  composed  of  a  double  cylinder  of  copper  or  cast-iron,  /  /,  having  a  grate,  h  (see 
576  plan),  an  ashpit  at  d  (section).  Tlie  water  occupies  the  shaded 

space  c,  c.   A,  g,  g,  e,  e,  are  five  vertical  flues,  for  conducting 
the  burnt  air  and  smoke,  which  first  rise  in  the  two  exterior 
^    flues    e,  then  descend  in  the  two  adjoining  flues  g,  g,  and 
finally  re-mount  through  the  passages  t,  i,  in  the  central  flue 
h,   Durinir  this  upwards  and  downwards  circulation,  as  shown 
by  the  arrows  in  the  section,  the  products  of  combustion  are 
made  to  impart  nearly  the  whole  of  their  heat  to  the  water  by 
which  they  are  surrounded.    At  the  commencement,  some 
bumins?  paper  or  wood  shavings  are  inserted  at  the  orifice 
to  establish  a  draught  in  this  circuitous  chimney.   The  air  is 
j     admitted  into  the  ashpit  at  the  side,  in  regulated  quantities, 
through  a  small  square  door,  moveable  round  a  rod  which  runs 
horizontally  along  its  middle  line.   This  swing  valve  is  acted 
upon  by  an  expanding  bar  (see  HKAx-RECULAToa),  which 
opens  it  more  or  less,  according  to  the  temperature  of  the 
stove  apartment  in  which  the  ei^gs  are  placed. 
9  it  the  upper  orifice  of  the  boiler,  by  which  the  hotter  and  consequently  lighter  par- 
tklci  of  the  water  continually  ascend,  and  are  replaced  by  the  cooled  particles,  which 
enter  the  boiler  near  its  bottom,  as  shown  in  fig.  578,  at  a.   Into  further  details  relatire 
CO  th«  boiler  it  it  necdleaa  to  eater  i  (or  though  iu  form,  at  designed  by  M.  BonnesiaiaL^ 
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is  excellent  and  most  economical  of  heat  for  a  charcoal  fire,  it  would  not  suit  ooe  of  fk- 
coal,  on  account  of  the  obstruction  to  the  pipes  which  would  soon  be  occasioned  bj  its  MoL 


In  fig,  578  the  boiler  is  shown  at  r,  with  the  rod  which  regulates  the  air  door  of  tke 
ashpit.  D  is  a  stopcock  for  modifying  the  opening  by  which  the  hotter  partid«i  of 
water  ascend ;  o  is  the  water-pipe  of  communication,  haying  the  beating  pipe  of  diitn- 
bution  attached  between  e  f,  which  thence  passes  backwards  and  forwards  with  a  voy 
slight  slope  -from  the  horizontal  direction,  till  it  reaches  the  poutsinQrt  o  p  q.  It  traTtnei 
this  apartment,  and  returns  by  N  N  to  the  orifice  of  the  boiler  h,  where  it  turns  Terticilly 
downwards,  and  descends  to  nearly  the  bottom  of  the  boiler,  discharging  at  that  poist 
the  cooled  and  therefore  denser  particles  of  water,  to  replace  those  which  continoally  iaae 
upwards  at  d.  l  r  is  a  tube  surmounted  with  a  funnel  for  keeping  the  range  of  pipa 
always  full  of  water;  and  x  is  a  syphon  orifice  for  permitting  the  escape  of  the  ditei- 
gaged  air,  which  would  otherwise  be  apt  to  occnpy  partially  the  pipes  and  obstruct  tbe 
aqueous  circulation. 

The  faster  the  water  gets  cooled  in  the  serpentine  tubes,  the  quicker  its  eireulatioi 

will  be,  because  the  diflerence  of  density  between  the  water  at  the  top  and  bottom  of  tbe 
boiler,  which  is  the  sole  cause  of  its  movement,  will  be  greater,  n  represents  small  sau- 
cers filled  with  water,  to  supply  the  requisite  moisture  to  the  heated  air,  and  to  place  the 
eges,  arranged  along  the  trays  m  m,  in  an  atmosphere  analogous  to  that  under  the  body 
of  the  hen. 

AVhen  we  wish  to  hatch  eggs  with  this  apparatus,  the  fire  is  to  be  kindled  in  the  boiler, 
and  as  soon  as  the  temperature  has  risen  to  about  100**  F.,  the  eggs  are  introduced ;  bat 
only  one  twentieth  of  the  whole  number  intended,  upon  the  first  day ;  next  day,  a  like 
number  is  laid  upon  the  trays,  and  thus  in  succession  for  twenty  days,  so  that  upon  the 
twenty-first  day  the  eggs  first  placed  may  be  hatched,  for  the  most  part,  and  we  mty 
obtain  daily  aAerwards  an  equal  number  of  chicks.  In  this  way,  regularity  of  care  is 
established  in  the  rearing  of  them. 

During  the  first  days  of  incubation,  natural  as  well  as  artificial,  a  small  portion  of  the 
water  contained  in  the  esg  evaporates  by  the  heat,  through  the  shell,  and  is  replaced  by 
a  like  quantity  of  air,  which  is  afterwards  useful  for  the  respiration  of  the  animal.  If  the 
warm  atmosphere  surrounding  the  eggs  were  very  dry,  such  a  portion  of  the  aqueous  part 
of  the  eggs  would  evaporate  through  the  pores  of  the  shells  as  would  endanger  the  future 
life  of  the  chick  in  ovo.  The  transpiration  from  the  body  of  the  hen,  as  she  sits  upon  her 
eggs,  counteracts  this  desiccation  in  general ;  yet,  in  very  dry  weather,  many  hatching 
eggs  fail  from  that  cause,  unless  they  be  placed  in  moist  decomposing  straw.  The  water 
saucers  N  N  are  therefore  essential  to  success  in  artificial  inoubation. 

After  the  chickens  are  hatched  they  are  transferred  into  the  nursery,  o  q,  on  the  front 
side  of  which  there  is  a  small  grated  trough  filled  with  millet  seed,  ^all  divisions  are 
made  between  the  broods  of  successive  days,  to  enable  the  superintendent  to  vary  their 
feeding  to  their  age. 

In  order  to  supply  an  establishment  of  the  common  kind,  where  100  eggs  are  to  be 
hatched  daily,  a  dozen  of  hens  would  be  needed,  and  150  eggs  must  be  placed  under  tbeSr 
as  only  two  thirds  in  general  succeed.  At  this  rate,  4300  mothers  would  be  required  to 
sit.  Now  supposing  we  should  collect  ten  times  as  many  hens,  or  43,000,  we  should  lol 
be  able  to  command  the  above  number  of  chickens,  as  there  is  seldom  a  tenth  part  of 
hens  in  a  brooding  state.  Besides,  there  would  be  in  this  case  no  fewer  than  720  hot 
every  day  coming  out  with  a  fresh  brood  of  chickens,  which  would  require  a  regiment  of 
tuperintendents. 

Jrt^cial  Incubation  by  means  of  Hot  MtMTol  WoCcri.— Thk  cvrioiit  pncMi  » 


INDIGO. 


671 


Terj  briefly  in  a  letter  by  M.  IVArcet.  The  following  are  extracts  from  this 

ktter :~ 

**  In  Jane,  1825, 1  obtained  chickens  and  pigeons  at  Vichy,  by  artificial  incubation, 
effected  through  ihe  means  of  the  thermal  waters  of  that  place.  In  1827  I  went  to  the 
baths  of  Chandes-Aigues,  principally  for  the  purpose  of  doing  the  same  thing  there. 
Finding  the  proprietor  a  zealous  man,  1  succeeded  in  making  a  useful  application  of  this 
aooree  of  heat  to  the  production  of  poultry. 

**  The  advantage  of  this  process  may  be  comprehended,  when  it  is  known  that  the 
InTalids  who  arrive  at  Vichy,  for  instance  in  the  month  of  May,  find  chickens  only  the 
•ixe  of  quails ;  whereas,  by  this  means,  they  may  be  readily  supplied  six  months  old. 

'*'Tbe  good  which  may  be  done  by  establishing  artificial  incubation  in  places  where 
hoc  springs  exist  is  inealctUabU ;  it  may  be  introduced  into  these  establishments  without 
at  all  intofering  with  the  medical  treatment  of  patients,  since  the  hatching  would  go 
Qo  in  winter,  at  a  time  when  the  baths  Ibr  other  purposes  are  out  of  use. 

There  is  no  other  trouble  required  in  breeding  chickens,  by  means  of  hot  baths,  than 
tobreajc  the  eg«s  at  the  proper  time;  for,  when  the  apartments  are  closed,  the  whole  of 
the  interior  will  readily  acquire  a  sufficiently  elevated  and  very  constant  temperature." 

In  addition  to  these  details  by  M.  D'Arcet,  a  letter  was  received  from  M.  Felgeris,  the 
proprietor  of  the  baths  at  Chaudes-Aigues  (Cantal),  in  which  he  describes  the  success 
he  had  in  following  M.  D'Arcet's  process.  This  consists  in  putting  the  eggs  into  a  small 
basket,  suspending  it  in  one  of  the  stove-rooms  heated  by  the  hot  mineral  water,  and 
tnmiog  round  the  eggs  every  day.  The  very  first  trial  was  attended  with  success,  and 
BO  failure  was  experienced  in  four  repetitions  of  it. 

INDIGO.  This  invaluable  blue  dye-stnfif,  for  which  no  tolerable  substitute  has  been 
fomadf  was  known  to  the  ancients  as  a  pigment  under  the  name  of  indicum,  whence  its 
present  denomination.  In  modem  Europe,  it  first  came  into  extensive  use  in  Italy,  but, 
abont  the  middle  of  the  16th  century,  the  Dutch  began  to  import  and  employ  it  in  con- 
siderable quantities.  Its  general  introduction  into  the  dye-houses  of  both  England  and 
France  was  kept  back  by  absurd  laws,  founded  upon  an  opinion  that  it  was  a  fugitive 
tnbstance,  and  even  prejudicial  to  the  fibre  of  wool.    See  Dyeing,  p.  419. 

The  plants  which  afiford  this  dye-drug  grow  in  the  East  and  West  Indies,  in  the  mid- 
dle regions  of  America,  in  Africa,  and  Europe.  They  are  all  species  of  the  genera  Indi' 
p^tra^  hati*,  and  Neriunu 

The  following  are  cultivated  i-^Indigo/era  tinctoria  aflfords  in  Bengal,  Malabar, 
Madagascar,  the  Isle  of  France,  and  St.  Domingo,  an  article  of  middling  quality,  but 
in  large  quantity.  The  indigo/era  ditperma,  a  plant  cultivated  in  the  East  Indies 
and  America,  grows  higher  than  the  preceding,  is  woody,  and  furnishes  a  superior 
dye  stuff.  The  Guatimala  indigo  comes  from  this  species.  Indif^o/era  ^nil  grows  in 
the  same  countries,  and  also  in  the  West  Indies.  The  Indigo/era  ^rgenteoj  which  grows 
also  in  Africa;  it  yields  little  indigo,  but  of  an  excellent  quality.  Indigo/era  Pseudo- 
timcioria,  which  is  cultivated  in  the  East  Indies,  furnishes  the  best  of  all :  the  Indigo/era 
Giauca  is  the  Egyptian  and  Arabian  species.  There  are  also  the  caruUa,  cinerea  erecta, 
kirsuiOj  glabra,  and  several  others.  The  Nerium  tinctorium  of  the  East  Indies  afifords 
tome  indigo ;  as  does  the  hatit  tinctoria,  or  Woad,  in  Europe ;  and  the  Polygonum 
iinetorium. 

The  districts  of  Kishenagar,  Jessore,  and  Moorshedabad,  in  Beni^l,  ranging  from  88P 
to  90°  E.  L.  and  22^°  to  24''  N.  L.,  produce  the  finest  indigo.  That  from  the  districU 
aboat  Burdwan  and  Benares  is  of  a  coarser  or  harsher  grain.  Tyroot,  in  lat.  26®,  yields 
a  tolerably  good  article.  The  portion  of  Bengal  most  propitious  to  the  cultivation  of 
indigo  lies  between  the  river  Hoogly  and  the  main  stream  of  the  Gani;es. 

In  the  East  Indies,  after  having  ploughed  the  ground  in  October,  November,  and  the 
beginning  of  December,  they  sow  the  seed  of  the  indigo  plant  in  the  last  half  of  March 
and  the  beginning  of  April,  while  the  soil,  being  neither  too  hot  nor  too  dry,  is  most  pro- 
pitious to  its  germination.  A  light  mould  answers  best ;  and  sunshine,  with,  occasional 
light  showers,  are  most  favorable  to  its  growth.  Twelve  pounds  of  seeds  are  sufficient 
ibr  sowing  an  acre  of  land.  The  plants  grow  rapidly,  and  will  bear  to  be  cut  for  the 
irit  time  at  the  beginning  of  July,  nay,  in  some  districts,  so  early  as  the  middle  of  June. 
The  indications  of  maturity  are  the  burstini^  forth  of  the  flower  buds,  and  the  expansion 
of  the  blossoms;  at  which  period  the  plant  abounds  most  in  the  dyeing  principle. 
Another  indication  is  taken  from  the  leaves ;  which,  if  they  break  across,  when  d<mbled 
flat,  denote  a  state  of  maturity.  But  this  character  is  somewhat  fallacious,  and  depends 
vpon  the  poverty  or  richness  of  the  soiL  When  much  rain  falls,  the  plants  grow  too 
rapidly,  and  do  not  sufficiently  elaborate  the  blue  pigment.  Bright  sunshine  is  most 
adtantageons  to  its  production. 

The  first  cropping  of  the  plants  is  the  best;  after  two  months  a  second  is  made ;  after 
tsother  interval,  a  third,  and  even  a  fourth ;  but  each  of  these  is  of  diminished  value. 
Ttea  are  only  two  croppingi  in  AmerieiL 
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Two  methods  are  pursued  to  extract  the  indigo  from  the  plant ;  the  fint  effeets  it  kf 
fermentation  of  the  fresh  leaves  and  stems ;  the  second,  by  maceration  of  the  driri 
leaves ;  the  latter  process  being  most  advantageous. 

1.  From  the,  recent  leaves. — In  the  indigo  factories  of  Bengal  there  are  two  hrse 
stone-built  cisterns,  the  bottom  of  the  first  being  nearly  upon  a  level  with  the  top  of 
the  second,  in  order  to  allow  the  liquid  contents  to  be  run  out  of  the  one  into  the  other. 
The  uppermost  is  called  the  fermenting  vat,  or  the  steeper ;  its  area  is  20  feet  square, 
and  its  depth  3  feet ;  the  lowermost,  called  the  beater  or  beating  vat,  is  as  broad  u  tbe 
other,  but  one  third  longer.  The  cuttings  of  the  plant,  as  they  come  from  tbe  iieU, 
are  stratified  in  the  steeper,  till  this  be  filled  within  5  or  6  inches  of  its  brim.  In  oda 
that  the  plant,  during  its  fermentation,  may  not  swell  and  rise  out  of  the  vat,  beams  vf 
wood  and  twigs  of  bamboo  are  braced  tight  over  the  sniface  of  the  plants,  aHer  which 
water  is  pumped  upon  them  till  it  stands  within  three  or  four  inches  of  the  edge  of  the 
vessel.  An  active  fermentation  speedily  commences,  which  is  completed  within  14  or  15 
hours  ;  a  little  longer  or  shorter,  according  to  the  temperature  of  tbe  air,  the  preTailiBt 
winds,  the  quality  of  the  water,  and  the  ripeness  of  the  plants.  Nine  or  ten  hoors  lAa 
the  immersion  of  the  plant,  the  condition  of  the  vat  must  be  examined ;  frothy  Inb- 
bles  appear,  which  rbe  like  little  pyramids,  are  at  first  of  a  white  color,  bat  mob 
become  gray-blue,  and  then  deep  purple-red.  The  fermentation  is  at  this  tine 
violent,  the  fluid  is  in  constant  commotion,  apparently  boiling,  innumerable  bubbia 
mount  to  the  surface,  and  a  copper-colored  dense  scum  covers  the  whole.  As  long  « 
the  liquor  is  agitated,  the  fermentation  must  not  be  disturbed ;  but  when  it  beeasei 
more  tranquil,  the  liquor  is  to  be  drawn  ofi*  into  the  lower  cistern.  It  is  of  the  utjuoit 
consequence  not  to  push  the  fermentation  too  far,  because  the  quality  of  the  whole  iodifo 
is  deteriorated ;  but  rather  to  cut  it  short,  in  which  case  there  is,  indeed,  a  loss  of  weifkt, 
but  the  article  is  belter.  The  liquor  possesses  now  a  glistening  yellow  eolor,  vbick, 
when  the  indigo  precipitates,  changes  to  green.  The  average  temperature  of  tbe  Uqoor 
is  commonly  85°  Fahr. ;  its  specific  gravity  at  the  surface  is  1*0015 ;  and  at  the  botido, 
1  003. 

As  soon  as  the  liquor  has  been  run  into  the  lower  cistern,  ten  men  are  set  to  work  to 
beat  it  with  oars,  or  shovels  4  feet  long,  called  buaguett.  Paddle  wheels  have  also  htet 
employed  for  the  same  purpose.  Meanwhile  two  other  laborers  clear  away  tbe  compres- 
sing beams  and  bamboos  from  the  surface  of  the  upper  vat,  remove  the  exhausted  pliit, 
set  it  to  dry  for  fuel,  clean  out  the  vessel,  and  stratify  fresh  plants  in  it.  T^e  fermented 
plant  appears  still  green,  but  it  has  lost  three  fourths  of  its  bulk  in  the  process,  or  from 
12  to  14  per  cent,  of  its  weight,  chiefly  water  and  extractive  matter. 

The  liquor  in  the  lower  vat  must  be  strongly  beaten  for  an  hour  and  a  half,  when  the 
indigo  begins  to  agglomerate  in  flocks,  and  to  precipitate.  This  is  the  moment  for 
judging  whether  there  has  been  any  error  committed  in  the  fermentation  ;  which  must 
i)e  corrected  by  the  operation  of  beating.  If  the  fermentation  has  been  defective,  much 
frolh  rises  in  the  beating,  which  must  be  allayed  with  a  little  oil,  and  then  a  reddish 
tinge  appears.  If  large  round  granulations  are  formed,  the  beating  is  continueti,  io 
order  to  see  if  they  will  grow  smaller.  If  they  become  as  small  as  fine  sand,  and  if  the 
water  clears  up,  the  indiso  is  allowed  quietly  to  subside.  ShouM  the  vat  have  been  over 
fermented,  a  thick  fat-looking  crust  covers  the  liquor,  which  does  not  disappear  by  the 
introduction  of  a  fla.sk  of  oil.  In  such  a  case  the  beating  must  be  mo<ieraled.  Whenever 
the  granulations  become  round,  and  begin  to  subside,  and  the  liquor  clears  up,  the  Uatisg 
must  be  discontinued.  The  froth  or  scum  difl'uses  itself  spontaneously  into  separate  minate 
particles,  that  move  about  the  surface  of  the  liquor;  which  are  marks  of  an  excessire 
fermentation.  On  the  other  hand,  a  rightly  fermented  vat  is  easy  to  work ;  the  froth, 
though  abundant,  vanishes  whenever  the  granulations  make  their  appearance.  Tbe 
c  olor  of  the  liquor,  when  drawn  out  of  the  sleeper  into  the  beater,  is  bright  green ;  but 
ns  soon  as  the  agglomerations  of  the  indigo  commence,  it  assumes  the  color  of  Madeira 
wine;  and  speedily  afterwards,  in  the  course  of  beating,  a  small  round  grain  is  formed, 
which,  on  separating,  makes  the  water  transparent,  and  falls  down,  when  all  the  turbiditr 
and  frolh  vanish. 

The  object  of  the  beating  is  three-fold :  first,  it  tends  to  disengage  a  great  quantity 
of  carbonic  acid  present  in  the  fermented  liquor ;  secondly,  to  give  the  newly  developed 
indigo  its  requisite  dose  of  oxygen  by  the  most  extensive  exposure  of  its  particles  to 
the  atmosphere ;  thirdly,  to  agglomerate  the  indigo  in  distinct  flocks  or  granulatioos. 
In  order  to  hasten  the  precipitation,  lime-water  is  occasionally  added  to  the  fermentd 
liquor  in  the  progress  of  beating,  but  it  is  not  indispensable,  and  has  been  supposed 
capable  of  deteriorating  the  indigo.  In  the  front  of  the  beater  a  beam  is  fixed  upright, 
in  which  three  or  more  holes  are  pierced  a  few  inches  in  diameter.  These  are  closed 
with  plugs  during  the  beating,  but,  two  or  three  hours  aAer  it,  as  the  indigo  subsides, 
the  upper  plug  is  withdrawn  to  run  off  the  supernatant  liquor,  and  then  the  lower 
plugs  in  succession.   The  state  of  this  liquor  being  examined,  nflOords  an  indication  of 
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the  success  of  bolh  the  processes.  When  the  whole  liqaor  is  ran  off,  a  laborer  enters 
the  Tat,  sweeps  all  the  precipitate  into  one  corner,  and  empties  the  thinner  part  into  a 
spont  which  leads  into  a  cistern,  alongside  of  a  boiler,  20  feet  long,  3  feet  wide,  and  3  deep. 
When  all  this  liquor  is  once  collect^,  it  is  pumped  through  a  bag  for  retaining  the 
impurities,  into  the  boiler,  and  heated  to  ebullition.  The  froth  soon  subsides,  and  shows 
an  oily  looking  film  upon  the  liquor.  The  indigo  is  by  this  process  not  only  freed  from 
the  yellow  extractive  matter,  but  is  enriched  in  the  intensity  of  its  color,  and  increased  in 
weight.  From  the  boiler  the  mixture  is  run,  aAer  two  or  three  hours,  into  a  general 
receitcr  called  the  dripping  vat,  or  table,  which,  for  a  factory  of  twelve  pairs  of  prepara- 
tion vats,  is  20  feet  long,  10  feet  wide,  and  3  feet  deep ;  having  a  false  bottom,  2  feet 
under  the  top  edge.  This  cistern  stands  in  a  basin  of  masonry  (made  water  tight  with 
Chunam  hydraiulic  cement),  the  bottom  of  which  slopes  to  one  end,  in  order  to  facilitate 
Che  drainage.  A  thick  woollen  web  is  stretched  along  the  bottom  of  the  inner  vessel, 
to  act  as  a  filter.  As  long  as  the  liquor  passes  through  turbid,  it  is  pumped  back  into 
the  receiver.  Whenever  it  runs  clear,  the  receiver  is  covered  with  another  piece  of 
cloth  to  exclude  the  dust,  and  allowed  to  drain  at  its  leisure.  Next  morning  lh% 
drained  masma  is  put  into  a  strong  bag,  and  squeezed  in  a  press.  The  indigo  is  then 
carefully  taken  out  of  the  bag,  and  cut  with  a  brass  wire  into  bits,  about  3  inches  cube, 
which  are  dried,  in  an  airy  house,  upon  shelves  of  wicker  work.  During  the  drying,  a 
whitish  efflorescence  comes  upon  the  pieces,  which  must  be  carefully  removed  with  a 
hrnsh.  In  some  places,  particularly  on  the  coast  of  Coromandel,  the  diied  indigo  lumps 
are  allowed  to  effloresce  in  a  cask  for  some  time,  and  when  they  become  hard  they  are 
wiped  and  packed  for  exportation. 

From  some  experiments  it  would  appear  that  the  gas  disengaged  during  the  middle 
perifxi  of  the  fermentation  is  composed  in  100  parts  of  27*5  carbonic  acid,  5-8  oxygen, 
and  66*7  azote;  and  towaids  its  end,  of  40*5  carbonic  acid,  4  5  oxygen,  and  55*0  azote. 
The  feimentin?  leaves  apparently  convert  the  oxygen  of  the  atmosphere  into  carbonic 
aeid  gas,  and  leave  its  azote;  besides  the  quantity  of  carbonic  acid  which  they  spon- 
taneously evolve.  Carbureted  hydrogen  does  not  seem  to  be  disengaged.  That  the 
liquor  in  the  beating  vat  absorbs  oxygen  from  the  air  in  proportion  as  the  indigo  becomes 
floceulent  and  granular,  has  been  ascertained  by  experiment,  as  well  as  that  sunshine 
accelerates  the  separation  of  the  indigo  blue.  Out  of  1000  parts  of  the  fermented  liquor 
of  specific  gravity  1*003,  the  blue  precipitate  may  constitute  0*75  of  a  part.  Such  a  pro- 
portion upon  the  great  scale  is  however  above  the  average,  which  is  not  more  than  0*5. 
When  lime  water  is  added,  an  extractive  matter  is  thrown  down,  which  amounts  to  from 
20  to  47  parts  in  1000  of  the  liquor.  It  has  a  dark  brown  tint,  a  viscid  appearance,  an 
unpleasant  smell,  and  a  bitter  taste.  It  becomes  moist  in  damp  air,  and  dissolves  in 
water  without  decomposition.  It  is  precipitated  by  lime,  alkalis,  infusion  of  galls,  and 
acetate  of  lead.  All  indigo  contains  a  little  lime  derived  from  the  plant,  even  though 
none  has  been  used  in  its  preparation. 

2.  Indipo  from  dried  leaves. — The  ripe  plant  being  cropped,  is  to  be  dried  in  sunshine 
from  9  o'clock  in  the  morning  till  4  in  the  aAemoon,  during  two  days,  and  thrashed  to 
separate  the  stems  from  the  leaves,  which  are  then  stored  up  in  magazines  till  a  sufflcient 
quantity  be  collected  for  manufacturing  operations.  The  newly  dried  leaves  must  be  free 
from  spots,  and  friable  between  the  fingers.  When  kept  dry,  the  leaves  undergo,  in  the 
course  of  4  weeks,  a  material  change,  their  beautiful  green  tint  turning  into  a  pale  blue- 
gray,  previous  to  which  the  leaves  ailbrd  no  indigo  by  maceration  in  water,  but  subse- 
qhcntly  a  large  quantity.    Afterwards  the  product  becomes  less  considerable. 

The  following  process  is  pursued  to  extract  indigo  from  the  dried  leaves.  They  arc 
infused  in  the  steeping  vat  with  six  times  their  bulk  of  water,  and  allowed  to  macerate  for 
two  hours  with  continual  stirring  till  all  the  floating  leaves  sink.  The  fine  green  liquor 
is  then  drawn  ofl*  into  the  bentcr  vat,  for  if  it  stood  longer  in  the  steeper,  some  of  the  in- 
digo would  settle  among  the  leaves  and  be  lost.  Hot  water,  as  employed  by  some  manu- 
facturers, is  not  necessary.  The  process  with  dry  leaves  possesses  this  advantage,  that 
a  provision  of  the  plant  may  be  made  at  the  most  suitable  times,  independently  of  the 
▼icissitudes  of  the  weather,  and  the  indigo  may  be  uniformly  made;  and  moreover,  that 
the  fermentation  of  the  fresh  leaves,  often  capricious  in  its  course,  is  superseded  by  a 
much  shorter  period  of  simple  maceration. 

The  process  for  obtaining  indigo  from  the  Nerium  is  altogether  the  same,  but  hot 
water  has  been  generally  applied  to  the  dried  leaves.  For  woad,  hot  water  must  be  em- 
ployed, and  also  lime  water  as  a  precipitant,  on  account  of  the  small  proportion  of  indigo 
ia  the  plant.  Dilute  muriatic  acid  is  digested  upon  the  woad  indigo  to  remove  the  lime, 
without  which  no  dye  could  be  precipitated.  According  to  the  warmth  of  the  summer 
and  the  ripeness  of  the  plant,  from  2  to  5  ounces  of  indigo  may  be  obtained  from  100 
pounds  of  the  dried  woad,  or  upon  an  average  4  ounces  to  the  hundred  weight. 

The  indigo  found  in  European  commerce  is  imported  from  Bengal,  Coromandel, 
Madras^  the  Mauritius,  Manilla,  and  Java  in  the  Eastern  hemisphere;  from  Senegal^ 
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Oanteeas,  Gtiatimala,  Brazil  (Sbnth  Carolina  and  Louisiana  in  smaH  quantity),  and  fx- 
merly  from  the  West  India  islands,  especially  St.  Domingo.  Its  quality  depends  npon  Uie 
species  of  the  plant,  its  ripeness,  the  soil  and  climate  of  its  growth,  and  mode  of  manu- 
facture. The  East  Indian  and  Brazilian  indigo  comes  packed  in  chests,  tke  Goatimak 
in  ox-hides,  called  surons. 

The  organ  which  affords  the  indigo  is  confined  entirely  to  the  pellicle  of  the  ]eaTes,aBd 
exists  in  largest  quantity  at  the  commencement  of  maturation  while  the  plant  is  in  flower. 
The  indigofera  is  remarkable  for  giving  a  blue  tinge  to  the  urine  of  cows  that  feed  vpoi 
its  leaves. 

According  to  some  manufacturers,  the  plants  should  be  cut  down  in  dry  weather,  in 
hour  or  two  before  sunset,  carried  off  the  field  in  bundles,  and  immediately  spread  upon 
a  dry  floor.  Next  morning  the  reaping  is  resumed  for  an  hour  and  a  haU^  before  the  son 
acts  too  powerfully  upon  vegetation  ;  and  the  plants  are  treated  in  the  same  way.  Both 
cuttings  become  sufficiently  dry  by  3  o'clock  in  the  aAemoon,  so  as  to  permit  the  \nm 
to  be  separated  from  the  stems  by  thrashing.  They  are  now  thoroughly  dried  in  the 
sunshine,  then  coarsely  bruised,  or  sometimes  ground  to  powder  in  a  mill,  and  packed  op 
for  the  operations  of  manufacture. 

In  the  spring  of  1830  I  subjected  a  variety  of  specimens  of  indigo  to  comparatiTe 
analyses,  by  dissolving  a  few  grains  of  each  in  strong  sulphuric  acid,  diluting  the  solu- 
tions with  an  equal  volume  of  water,  and  determining  the  resulting  shade  of  cok>r  in  a 
hollow  prism  of  plate  glass,  furnished  with  a  graduated  scale.  The  following  are  tlie 
results,  compared  to  the  shade  produced  by  a  like  weight  of  absolute  indigo. 


I.  East  India  Indigos ;  |mces  as  at  the  last  October  sales. 


No. 

Price. 

Real  Indigo 
in  lOO  parta. 

Chancten  by  the  BroketB. 

9. 

d. 

1 

3 

9 

42 

Broken,  middling  violet,  and  coppery  violet  spotted. 

2 

3 

6 

56-5 

Ditto,  a  little  being  coppery  violet  and  copper. 

3 

3 

3 

46-0 

Ditto,  middling  red  violet,  dull  violet  and  lean. 

4 

4 

3 

54-5 

Large  broken,  and  square,  even  middling  red  violeu 

5 

4 

2 

7^0 

Much  broken  and  very  small,  very  crumbly  and  limy,  sod, 

good  violet. 

6 

4 

9 

60-0 

Square  and  large  broken,  1  middling  violet,  and  J  «ood 
coppery  violet.  •* 

7 

5 

3 

70-0 

Larc:e  broken,  very  good;  paste  a  little  limy,  good  violet 

8 

6 

6 

60-0 

Square  and  large  broken,  soft,  fine  paste,  fine  violet. 

9 

6 

0 

66f 

Square,  ditto,  good  red  violet. 

10 

7 

0 

75 

S^juare,  ditto,  fine  purple  and  blue. 

11 

2 

3 

37-5 

Middling  ordinary  Madras. 

12 

3 

6 

60-0 

Good  Madras. 

13 

4 

3 

580 

Very  fine  ditto. 

14 

2 

0 

Low,  pale  Oude.  , 

15 

2 

4 

27| 

Middling,  ordinary  Oude. 

16 

3 

3 

54 

Good  Oude. 

17 

1 

9 

29 

Lundy,  very  low  quality. 

II.  American  Indigos ;  wholesale  prices  at  present.    (March,  1830.) 


Indigo. 

No. 

Pric«. 

Parts 

in  100. 

Indigo. 

No. 

Price. 

Parti 

inioa 

*.  d. 

s,  d. 

Caraccas  flor.   -  - 

1 

6  0 

54| 

Guatimala  ... 

6 

5  0 

50 

Guatimala    -   -  . 

2 

5  0 

33i 

7 

6  3 

35 

3 

3  2 

19 

8 

4  8 

46 

4 

4  6 

32i 

9 

4  8 

33i 

5 

5  4 

50 

10 

6  4 

50 

Propertua  of  Indigo.^Jl  possesses  a  dark  bhie  color,  passing  into  violet-purple,  is  roid 
of  taste  and  smell,  dull,  but  by  rubbing  with  a  smooth  hard  body,  it  assumes  the  lustre 
and  hue  of  copper.  It  occurs  sometimes  less  and  sometimes  more  dense  apparently  tba 
water,  which  circumstance  depends  upon  its  freedom  from  foreign  impurities  as  well 
at  upon  the  treatment  of  its  paste  in  the  boiling,  pressing,  and  drying  operations,  ft 
is  insoluble  in  ?rater,  eokl  aleohol,  ether,  muriatic  add,  dilate  ral^oric  acid,  cold 
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ethereoos  and  fat  oils ;  but  boiling  alcohol  and  oils  dissolve  a  little  of  it,  which  they 
deposite  oa  cooling.    Creosote  has  the  property  of  dissolving  indigo. 

Indigo  is  a  mixture  of  several  dye-stu^s,  and  other  substances.  Berzelius  found  in  it  a 
matter  resembling  vegetable  gluten  or  gliadine,  a  brown,  red,  and  blue  pigment,  besides 
oxyde  of  iron,  clay,  lime,  magnesia,  and  silica. 

1.  Indigo  gluten  or  gliadine  is  dissolved  along  with  the  calcareous  and  magnesian  salts 
liy  acids.  If  the  powder  be  treated  with  dilute  sulphuric  acid,  if  the  solution  be  saturated 
with  carbonate  of  lime,  evaporated  to  dryness,  and  its  residuum  treated  with  alcohol ;  the 
solution  thus  formed  leaves,  after  being  evaporated,  a  yellow  transparent  extract,  easily 
soluble  in  water,  more  difficultly  in  acid  liquids ;  showing  that  acids  extract  only  a  portion 
of  the  gliadine  from  the  indigo.  It  yields,  by  dry  distillation,  much  ammonia,  a  fetid  oil, 
and  comports  itself  in  other  respects  like  vegetable  gluten. 

2.  Indigo-broum  occurs  in  combination  with  lime,  as  also  with  vegetable  acid  in  con- 
siderable quantity,  and  more  abundantly  in  the  coarser  sorts  of  indigo  than  in  the  finer. 
Indigo  purified  by  acids  is  to  be  treated  with  hot  strong  caustic  ley,  which  dissolves  the 
indigo-brown;  the  liquid  part  of  the  mixture  passes  with  difficulty  through  the  filter, 
is  black-brown,  opaque,  and  holds  some  indigo-blue  in  solution,  or  diffused  in  fine  powder. 
The  alkali  being  neutralized  with  acetic  acid,  the  liquor  is  to  be  evaporated,  and  alcohol 
poured  on  the  residuum,  whereby  the  alkaline  acetate  is  dissolved  out  from  the  brown. 

This  pigment  is  a  dark  brown,  almost  black,  but  is  not  yet  entirely  deprived  of  the 
other  constituents  of  indigo.  It  is  nearly  tasteless,  is  combustible,  affords,  by  dry  distDla^ 
tion,  ammonia  and  fetid  oil,  forms  with  acids  combinations  hardly  soluble  in  water,  with 
alkalis  soluble  ones,  but  with  earths  hardly  soluble.  Lime  possesses  the  property  oif  pre- 
cipitating the  indigo-brown  completely  from  its  alkaline  solution.  Chlorine  occasions  a 
pale  yellow  brownish  precipitate,  which  consists  of  indigo  brown  and  muriatic  acid,  but 
causes  no  further,  change.  By  dr)'ing,  it  becomes  again  dark  colored.  Indigo-brown 
seems  to  exist  also  in  woad. 

3.  Indigo-red,  or  more  properly  red  resin  of  indigo.  This  may  be  obtained  by  boiling 
alcohol  of  sp.  grav.  0*830  upon  some  indigo  which  has  been  previously  treated  with  acids 
and  alkalis ;  for  the  red  substance  is  hardly  soluble  in  cold  alcohol.  The  solution  is  dark 
red,  opaque,  and  leaves,  by  distillation,  the  indigo-red  in  the  form  of  a  black-brown  pow- 
der, or  a  glistening  varnish,  slightly  soluble  in  alcohol  and  ether.  Alkalis  do  not  dissolve 
it,  but  concentrated  sulphuric  acid  forms  with  it  a  dark  yellow  dye,  from  which  water 
causes  no  precipitation ;  wool  extracts  the  color  from  the  acid  solution,  and  becomes 
of  a  dirty  brown  hue.  Chlorine  does  not  seem  capable  of  destroying  the  color,  for  though 
it  makes  it  yellow,  it  becomes  as  dark  as  ever  on  being  dried.  Indigo-red  melts  with 
heat,  burns  with  a  bright  flame,  affords,  when  heated  iu  vacuo,  first  a  white  crystalline 
sublimate,  and  then  unchanged  indigo-red.  That  white  matter  is  changed  by  nitric  acid 
into  indigo- red. 

4.  Indigo^lue,  or  pure  indigo,  remains,  after  treating  the  indigo  of  commerce  with 
dilute  ac^,  alkalis,  and  alcohol }  it  retains,  however,  still  traces  of  the  matters  thereby 
extracted,  along  with  some  earthy  substances.  In  order  to  procure  indigo  blue  in  its 
utmost  purity,  we  must  deoxydixe  the  above  blue  residuum,  thus  form  colorless  indigo, 
which  again  acquires  a  blue  color  from  the  air,  and  constitutes  the  pure  pigment.  For 
this  purpose  the  above  moist  indigo  is  to  be  mixed  with  slaked  lime,  erern  sulphate  of 
iron,  and  hot  water  in  an  air-tight  matrass.  The  indigo  when  deoxydized  by  protoxyde 
of  iron  being  soluble  in  lime-water,  the  clear  yellow  solution  is  to  be  poured  off,  and  ex- 
posed to  the  air.  The  indigo  absorbs  oxygen,  and  becomes  again  blue.  By  digestion 
with  dilute  muriatic  acid  the  foreign  matters  are  dissolved,  and  may  then  be  washed  away 
with  distilled  water,  from  the  absolute  indigo. 

The  indigo-blue  obtained  in  this  manner  has  a  cast  of  purple  red,  displaying  the 
characteristic  copper  lustre  in  a  high  degree,  but  in  powder,  it  is  blue.  It  is  void 
of  taste  and  smell,  is  by  my  experiments  of  specific  gravity  1-60,  affords  at  654** 
Fahr.  a  purple  vapor,  and  sublimes  in  shining  purple  scales,  or  slender  needles  in 
an  apparatus  open  to  the  air,  whereby,  however,  much  of  it  is  destroyed.  Some 
carbon  remains  after  the  sublimation.  A  quick  heat  produces  most  sublimate.  These 
needles  contain  a  brown  oily  matter,  which  may  be  dissolved  out  by  means  of  hot  alco* 
hoi.  Their  specific  gravity  is  1'36,  according  to  Mr.  Crum.  The  sublimate  from  com- 
mon indigo  does  not  contain  any  oil,  but  some  indigo-red  and  the  above  white  crystalline 
matter.  According  to  Mr.  Crum,  indigo-blue  consists  of  carbon,  73-22;  oxygen,  12*60; 
azote,  1 1*26 ;  hydrogen,  2-92 ;  while  according  to  Dumas,  crystallized  indigo  consists  of 
carbon,  73-26;  oxygen,  10-43;  azote,  13-81;  and  hydrogen,  2-50;  precipitated  indigo 
consists  of  carbon,  74*81 ;  oxygen,  7*88 ;  azote,  13*98 ;  and  hydrogen,  3-33  ;  sublimed 
indigo,  of  carbon,  71*71;  oxygen,  12-18;  azote,  13*46;  hydrogen,  2  66.  My  own  ana- 
lysis afforded— carbon,  71*37 ;  oxygen,  14*26;  azote,  10  00;  hydrogen,  4*38.  In  another 
analysis  of  Dumas,  3*93  parts  of  hydrogen  were  obtained.  Hence  we  must  infer  that 
muideiable  differences  exist  in  l|ie  composition  of  indigo  in  its  purest  state.  Beagenls 
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act  upon  it  much  as  upon  oommon  indigo.  Chlorine,  iodine,  and  bromine  eonvert  it  into 
a  reddish  brown  solable  substance.  Concentrated  sulphuric  acid,  especially  the  smokiig 
or  anhydrous  of  Nordhausen,  dissolves  indigo-blue  with  the  disengagement  of  heat,  bat  it 
mi^es  it  suffer  some  modification ;  for  though  it  retains  an  intense  dark  blue  color,  it  hai 
become  soluble  in  water,  and  may  be  blanched  by  light,  which  does  not  happen  with  indig» 
itself.  Nitric  acid  destroys  indigo-blue,  forms  indigotic  (carbazotic)  acid,  carbonic  tcid, 
artificial  resin,  and  bitter  principle. 

Indigo-blue  may  be  reduced  by  substances  oxydized,  with  the  co-operation  of  all^alb 
or  alkaline  earths;  for  example,  by  such  substances  as  have  a  strong  affinity  for  oxygn, 
and  are  imperfectly  saturated  with  this  principle,  as  the  sulphurous  and  phospboroos 
acids  and  their  salts,  the  protoxydes  of  iron  and  manganese,  the  protoxyde  salts  of  lis, 
and  the  corresponding  compounds  of  chlorine,  as  the  proto-chlorides  of  tin  and  iron;  and 
the  solution  of  the  former  in  potash.  IVhen  in  these  circumstances,  in  the  presence  of 
alkali,  a  deoxydation  or  reduction  of  the  indigo-blue  takes  place,  the  other  bodies  gft 
oxydized  by  absorption  of  the  oxygen  of  the  indigo-blue ;  the  protoxydes  become  per- 
oxydes,  and  the  acids  in  ou»  become  acids  in  tr,  &c.  Several  metallic  snlphnrets  ako 
reduce  the  indigo-blue  in  the  same  predicament,  as  the  snlphnrets  of  potassium,  of  ctl- 
dum,  of  antimony,  and  of  arsenic  (orpiment.)  ,  A  similar  influence  is  exercised  by  fer- 
menting vegetable  substances,  such  as  woad,  madder,  bran,  raw  sugar  (molasses),  sta^el^ 
tirup,  in  consequence  of  the  formation  of  carbonic  and  acetic  acids,  by  absorption  of  tke 
oxygen  of  the  indigo-blue,  for  acetic  acid  and  acetic  salts  are  found  in  the  liquor  of  the 
warm  blue  vat,  in  which  indigo  has  been  reduced  by  means  of  woad,  madder,  and  bnn. 

Formation  of  colorless  reduced  indigo-blue,  or  indigotine. — Purified  indigo-blne  is  lo 
be  treated  with  copperas  and  slaked  lime,  as  above  described ;  or  the  clear  wine-yeOow 
supernatant  liquor  of  the  cold  blue-vat  mixture  is  to  be  taken,  run  by  a  syphoa  into 
a  matrass,  a  few  drops  of  concentrated  acetic  or  sulphuric  acid,  deprived  of  air,  are  to  be 
poured  into  it,  and  the  vessel,  being  made  quite  full,  is  to  be  welt  corked.  The  redoeed 
indigo  soon  faJIs  in  white  flocks,  or  crystalline  scales.  They  must  be  edulcorated  npoa 
a  filter  with  water  deprived  of  its  air  by  boiling,  then  pressed  between  folds  of  blottisf- 
paper,  and  dried  under  the  receiver  in  vacuo.  Indigo-blne  may  likewise  be  reduced  sod 
dissolved  by  solution  of  hydro-sulphuret  of  ammonia ;  and  the  colorless  indigotine  maybe 
precipitated  by  muriatic  acid. 

The  reduced  indigo  is  sometimes  white  at  the  instant  of  its  elimination,  soroetiDes 
grayish,  of  a  silky  lustre,  but  becomes  very  readily  greenish,  blue  green,  and  blue,  in  the 
air ;  in  wliich  case  it  absorbs,  according  to  Berzelius,  4*2  per  cent,  of  oxygen  ;  but  ac- 
cording to  Liebetr,  11 '5  per  cent.  It  is  void  of  taste  and  smell,  is  insoluble  in  xrater; 
well  boiled  water  free  from  air  is  not  afl'ected  by  it,  but  is  turned  blue  by  common  water. 
It  dissolves  in  alcohol  and  ether  into  a  yellow  dye ;  not  in  dilute  acids,  but  in  concen- 
trated sulphuric  acid,  whereby  probably  a  portion  of  this  is  decomposed,  and  some  hrpo- 
sulphurous  acid  formed ;  the  color  of  this  solution  is  blue.  Solutions  of  the  caustic  and 
carbonated  alkalis,  even  the  alkaline  earths,  readily  dissolve  reduced  indigo  into  a  wine- 
yellow  liquid  ;  but  in  contact  with  air,  oxygen  is  absorbed,  and  indieo-blue  falls,  while 
a  purple-colored  froth,  passing  into  copper-red,  appears  upon  the  surface,  just  as  in  the 
indigo  vats  of  the  dyer. 

The  reduced  indigo  may  be  combined,  by  means  of  complex  affinity,  with  other  bs«?. 
with  the  exception  of  ihe  oxydes  of  copper,  zinc,  and  mercury,  which  oxydize  it.  These 
combinations  are  while,  in  part  crystallizable,  become  speedily  blue  in  the  air,  and  afford 
by  sublimation  indigo-blue.  Berzelius  formed  with  lime  a  two-fold  combination;  one 
easily  soluble  in  water,  and  another  difficultly  soluble,  of  a  lemon  color,  which  contained 
an  excess  of  lime;  this  is  formed  both  in  the  hoi  and  the  cold  blue  vat;  in  the  latter  it  if 
occasioned  by  an  overdose  of  lime. 

When  pure  indigo-blue  is  treated  with  concentrated  sulphuric  acid,  and  particularly  with 
six  times  its  weight  of  the  smoking  dry  acid,  il  dissolves  completely,  and  several  different 
compounds  are  produced  in  the  solution.  There  is  first  a  blue  sulphaie  of  indigo;  secondly, 
a  similar  compound  with  the  resulting  hyposulphuroos  acid;  thirdly,  a  combination  of 
sulphuric  acid  with  the  purple  of  indigo  (called  Pha?nicin  by  Crum),  a  peculiar  substance, 
generated  from  indigo-blue.  These  three  compounds  are  here  dissolved  in  an  excess  of 
sulphuric  acid.  The  more  concentrated  the  sulphuric  acid  is,  the  more  blue  hyposulphite 
is  formed.  The  solution  in  smoking  acid,  when  diluted  with  water  and  filtered,  offordsi 
considerable  precipitate  of  indigo  purple,  which  that  in  oil  of  vitriol  does  not.  The  vapor 
of  anhydrous  sulphuric  acid  combines  with  indigo-blue  into  a  purple  fluid. 

In  order  lo  obtain  from  the  dark  blue  solution  each  of  these  blue  acids  in  a  pure  state, 
we  must  dilute  it  with  forty  times  its  weight  of  water,  and  immerse  in  the  fillend 
liquor,  well  washed  wool  or  flannel,  with  which  the  blue  acids  combine,  while  most  of  the 
sulphuric  acid  and  some  other  foreign  substances  remain  free  in  the  liquor.  The  wool 
must  be  then  scoured  with  water  containing  about  a  half  per  cent,  of  carbonate  of 
nonifty  or  potash,  wbick  ueuualiizea         Vea      aAxda^and  ^lodneea  a  blue  ooDpomdt 
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Thb  being  evaporated  to  dryness  at  the  temperature  or  140^  F.,  aleohol  of  0-833  is  to  be 
poured  upon  the  residuum,  which  dissolves  the  blue  hyposulphite,  but  leaves  the  blue 
sulphate  undissolved.  From  either  salt,  by  precipitating  with  acetate  of  lead,  by  acting 
upon  the  precipitate  with  sulphureted  hydrogen  water,  and  evaporation,  either  of  the 
two  blue  acids  may  be  obtained.  They  may  be  both  evaporated  to  dryness,  especially 
Ihe  blue  sulphate  of  indigo ;  they  both  become  somewhat  moist  in  the  air,  they  are  very 
soluble  in  water,  and  the  blue  sulphate  also  in  alcohol ;  they  have  a  not  unpleasant  smell, 
and  an  acid  astringent  taste. 

From  these  habitudes,  particularly  in  reference  to  the  bases,  it  appears  that  indigo-blue 
does  not  comport  itself  like  a  saline  base  towards  the  acids,  but  rather  like  an  acid,  since 
it  enters  into  the  salts,  just  as  the  empyreumatic  oil  of  vinegar  and  oil  of  turpentine  do 
into  resin  soaps.  The  blue  pigment  of  both  acids  is  reduced  by  zinc  or  iron  without  the 
disengagement  of  hydrogen  gas ;  as  also  by  sulphureted  hydrogen,  tepid  protochloride  of 
tin,  while  the  liquor  becomes  yellow. 

Indigo-blue  sulphate  of  potash,  or  ceruleo-sulphate  of  pofashy  may  be  obtained  by 
extracting  the  blue  color  from  the  wool  by  water  containing  1  per  cent,  of  car- 
bonate of  potash,  evaporating  nearly  to  dryness,  treating  the  extract  with  alcohol 
to  remove  the  indigo-blue  hyposulphite,  then  with  acetic  acid  and  alcohol  to 
remove  any  excess  of  carbonate  of  potash.  It  is  found  in  commerce  under  the 
name  of  precipitated  indigo,  indij^o  paste,  blue  carmine,  and  soluble  indigo.  To  prepare 
it  economically,  indigo  is  to  be  dissolved  in  ten  times  its  weight  of  concentrated  sulphuric 
moid;  the  solution  aAer  twenty-four  hours  is  to  be  diluted  with  ten  times  its  weight  of 
water,  filtered,  and  imperfectly  saturated  with  carbonate  of  potash ;  whereby  a  blue  pow- 
der falls  down;  for  the  resulting  sulphate  of  potash  throws  down  the  ceruleo-sulphate, 
while  the  hyposulphite  of  potash  remains  dissolved.  It  is  a  dark  blue  copper  shining 
powder,  soluble  in  140  parts  of  cold  water,  and  in  much  less  of  boiling  water.  It  is  made 
ose  of  as  a  dye,  and  to  give  starch  a  blue  tint.  When  mixed  with  starch  into  cakes,  it  is 
sold  under  the  name  of  blue  for  washerwomen. 

Ceruleo-sulphate  of  ammonia  may  be  formed  in  the  same  way.  It  is  much  more 
soluble  in  water.  Ceruleo-sulphate  of  lime  is  obtained  by  saturating  the  above  dilute 
add  with  chalk,  filtering  to  separate  the  undyed  gypsum,  and  washing  with  water  till 
the  purple  color  be  extracted.  This  liquor,  evaporated  and  decomposed  by  alcohol, 
afibrds  a  bluish. flocky  precipitate,  which  is  more  soluble  in  water  than  common  gypsum, 
and  dries  up  in  a  purple-blue  film.  Ceruleo-sulphate  of  alumina  may  be  obtained  by 
doable  affinity ;  it  is  dark  blue  while  moist,  but  becomes  black-blue  by  drying,  and  is  sol- 
uble in  water. 

The  blue  present  in  all  these  salts  of  ceruline  is  destroyed  by  sunshine,  becomes  greenish- 
gray  by  caustic  alkalis ;  and  turns  immediately  yellow-brown  by  alkaline  earths.  But 
when  the  solution  is  very  dilute,  the  color  becomes  first  green,  then  yellow.  The  car- 
bonates of  alkalis  do  not  produce  these  changes.  Nitric  acid  decomposes  the  color  quickly. 
Mr.  Crura  considers  ceruline  to  be  a  combination  of  indigo-blue  with  water. 

Phenieine,  or  indigo-purple  combined  with  sulphuric  acid,  is  obtained  when  the  solution 
of  indigo-blue  in  concentrated  sulphuric  acid  has  been  diluted  for  a  few  hours  with 
water,  and  then  filtered.  It  seems  to  be  an  intermediate  body  into  which  the  indigo-blue 
passes,  before  it  becomes  soluble  certdine.  Hence  it  occurs  in  greater  quantity  soon  after 
digestiifg  the  indigo  with  the  acid,  than  afterwards.  It  is  dark  blue,  dissolves  gradually 
in  water,  affords  after  evaporation  a  blue  residuum,  of  the  same  appearance  as  the  above 
blue  acids.  When  a  salt  is  added  to  it  a  purple  precipitate  ensues,  which  is  a  compound 
of  indigo-purple,  sulphuric  acid,  and  the  base  of  the  salt.  Indigo-purple  is  reduced  by 
bodies  having  a  strong  attraction  for  oxygen,  if  a  free  alkali  or  alkaline  earth  be  present, 
and  its  solution  is  yellow,  but  it  becomes  blue  in  the  atmosphere.  According  to  Mr.  Crum, 
Phenicine  contains  half  as  much  combined  water  as  ceruline. 

The  table  which  I  published  in  1830  (as  given  above)  shows  very  clearly  how  much 
tbe  real  qnality  and  value  of  indigo  differ  from  its  reputed  value  and  price,  as  estimated 
finom  external  characters  by  the  brokers.  Various  test  or  proof  i)rocesses  of  this  drug 
have  been  proposed.  That  with  chlorine  water  is  performed  as  follows.  It  is  known 
tbat  chlorine  destroys  the  blue  of  indigo,  but  not  the  indisro-red  or  indigo-brown,  which 
by  the  resulting  muriatic  acid  is  thrown  down  from  the  sulphuric  solution  in  flocks,  and 
tlie  chlorine  acts  in  the  same  way  on  the  gliadine  or  gluten  of  the  indigo.  Pure  indigo-blue 
is  to  be  dissolved  in  10  or  12  parts  of  concentrated  sulphuric  acid,  and  the  solution  is  to 
be  diluted  with  a  given  weight  of  water,  as,  for  example,  1000  parts  for  1  of  indigo-blue. 
If  we  then  put  that  volume  of  liquor  into  a  graduated  glass  tube,  and  add  to  it  chlorine 
water  of  a  certain  strength  till  its  blue  color  be  destroyed  by  becoming  first  green  and 
then  red-brown,  we  can  infer  the  quantity  of  color  from  tbe  quantity  of  chlorine  water 
expended  to  produce  the  efifect.  The  quantity  of  real  indigo-blue  cannot,  however,  be 
estimated  with  any  accuracy  in  this  way;  because  the  other  coloring  matters  in  the  drug 
aet  also  upon  the  chlorine ;  and,  indeed,  the  indigo  itself  soon  changes  when  dissolved  in 
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gnlphnric  aeid^  even  ont  of  access  oC  light,  while  the  chlorine  wtter  itself  ts  Tery  snseeptAle 
of  alteration.  Perhaps  a  better  appreciation  might  be  made  by  avoiding  the  salphiirie 
acid  altogether,  and  adding  the  finely  powdered  indiso  to  a  definite  volnme  of  the  chkrise 
water  till  its  color  ceased  to  be  destroyed,  just  as  Prussian-blue  is  decolored  by  solatioB 
of  potash  in  making  the  ferro-cyantde. 

Another  mode,  and  one  susceptible  of  great  precision,  is  to  convert  10  or  100  graisf 
of  indigo  finely  powdered  into  its  deoxydized  state,  as  in  the  bine  vat  by  the  proper 
quantity  of  slaked  lime  and  solution  of  green  sulphate;  then  to  precipitate  the  indigo, 
collect  and  weish  it.  The  indigo  should  be  ground  upon  a  muller  along  with  the  qaid- 
lime,  the  levigated  mixture  should  be  diluted  with  water,  and  added  to  the  solntioaof  tke 
copperas.  This  exact  analytical  process  requires  much  nicety  in  the  operator,  and  cu 
hardly  be  practised  by  the  broker,  merchant,  or  manufacturer. 

Employment  of  indigo  in  dyeing,  —  As  indigo  is  insoluble  in  water,  and  as  it  can  peB^ 
trate  the  fibres  of  wool,  cotton,  silk,  and  flax,  only  when  in  a  slate  of  solution,  the  dyer 
most  study  to  bring  it  into  this  condition  in  the  most  complete  and  economical  maBscf. 
This  is  effected  either  by  exposing  it  to  the  action  of  bodies  which  have  an  afllnity  for 
oxygen  superior  to  its  own,  such  as  certain  metals  and  metallic  oxydes,  or  by  nixiag  it 
with  fermenting  matters,  or,  finally,  by  dissolving  it  in  a  strong  acid,  such  as  the  sulphaiic 
The  second  of  the  above  methods  is  called  the  warm  blue,  or  pastel  vat ;  and  being  tk 
most  intricate,  we  shall  beein  with  it. 

BeforeUhe  substance  indigo  was  known  in  Europe,  woad  having  been  used  for  dydse 
bine,  gave  the  name  of  woad  vats  to  the  apparatus.  The  vats  are  sometimes  made  of 
copper,  at  other  times  of  iron  or  wood,  the  last  alone  being  well  adapted  for  the  esaplsir- 
mentof  steam.  The  dimensions  are  very  variable ;  but  the  following  may  be  considered 
as  the  average  size  :  depth,  7J  feet ;  width  below,  4  feel,  above,  6  feet.  The  vats  i« 
built  in  such  a  way  that  the  fire  does  not  affect  their  bottom,  but  merely  their  sides  hilf 
way  up ;  and  they  are  sunk  so  much  under  the  floor  of  the  dyehonse,  that  their  ippcr 
half  only  is  above  it,  and  is  surrounded  with  a  mass  of  masonry  to  prevent  the  dissipation 
of  the  heat.  About  3  or  3)  feet  under  the  top  edge  an  iron  ring  is  fixed,  called  tk 
champagne  by  the  French,  to  which  a  net  is  attached  in  order  to  suspend  the  stnfis  oit 
of  contact  of  the  sediment  near  the  bottom. 

In  mounting  the  vat  the  following  articles  are  required  :  1.  woad  prepared  by  fennet- 
tation,  or  woad  merely  dried,  which  is  better,  because  it  may  be  made  to*ferment  in  the 
vat,  without  the  risk  of  becoming  putrid,  as  the  former  is  apt  to  do  ;  2.  indigo,  previously 
ground  in  a  proper  mill;  3.  madder;  4.  potash;  5.  slaked  quicklime;  6.  bran.  Is 
France,  weld  is  commonly  used  instead  of  potash. 

The  indigo  mill  is  represented  in  figs,  579  and  580.  «  is  a  four-sided  iron  cistern, 
579  580 


cylindrical  or  rounded  in  the  bottom,  which  rests  upon  gudgeons  in  a  wooden  frame;  it 
has  an  iron  lid  6,  consisting  of  two  leaves,  between  which  the  rod  c  moves  to  and  fro, 
receiving  a  vibratory  motion  from  the  crank  d.  By  this  construction,  a  frame  €,  which 
is  made  fast  in  the  cistern  by  two  points  e  is  caused  to  vibrate,  and  to  imnart  its  svinf 
movement  to  six  iron  rollers / //,  three  being  on  each  side  of  the  frame,  which  triiortie 
the  indigo  mixed  with  water  into  a  fine  paste.  Whenever  the  paste  is  uniformly  grouad, 
it  is  drawn  off  by  the  stopcock  g,  which  had  been  previously  filled  up  by  a  screwed  pltt?» 
to  prevent  any  of  the  indieo  from  lodging  in  the  orifice  of  the  cock,  and  thereby  escapioj 
the  action  of  the  rollers.    The  cistern  is  nearly  three  feet  long. 

The  vat  bein^  filled  with  clear  river  water,  the  fire  is  lo  be  kindled,  the  ingredients 
introduced,  and  if  fermented  woad  be  employed,  less  lime  is  needed  than  with  the  merely 
dried  plant.  Meanwhile  the  water  is  to  be  heated  to  the  temperature  of  160"  Fahr., 
and  maintained  at  this  pitch  till  the  deoxydizement  and  solution  of  the  indigo  begii 
to  show  themselves,  which,  according  to  the  state  of  the  constituents,  may  happen  in  l2 
ham,  or  not  till  afXer  severt\  da^%.  TYi«  linX  ^\)ax%.oax^     v^tv^Vsc^t.  solution  are 
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tmbUeSy  called  the  flowers,  which  rise  apon  the  surface,  and  remain  like  a  head  of  9oai>- 
siids  for  a  considerable  time  before  they  fall ;  then  blue  coppery  shining  veins  appear  with 
«  like  colored  froth.  The  hue  of  the  liquor  now  passes  from  blue  to  ereen,  and  an 
ammoniacal  odor  begins  to  be  exhaled.  Whenever  the  indigo  is  completely  dissolved, 
mn  acetic  smelling  add  may  be  recognised  in  the  vat,  which  neutralizes  all  the  alkali, 
and  may  occasion  even  an  acid  excess,  which  should  be  saturated  with  quicklime.  The 
time  for  doing  this  cannot  be  in  general  very  exactly  defined.  When  quicklime  has  been 
added  at  the  beginning  in  sufficient  quantity,  the  liquor  appears  of  a  pale  wine-yellow 
«olor,  but  if  not,  it  acquires  this  tint  on  the  subsequent  introduction  of  the  lime. 
Experience  has  not  hitherto  decided  in  favor  of  the  one  practice  or  the  other. 

As  soon  as  this  yellow  color  is  formed  in  the  liquor,  and  its  surface  becomes  bine, 
the  vat  is  ready  for  the  dyer,  and  the  more  lime  it  takes  up  without  beint^  alkaline,  the 
better  is  its  condition.  The  dyeing  power  of  the  vat  may  be  kept  up  during  six  months, 
^ir  more,  according  to  the  fermentable  property  of  the  woad.  From  time  to  time,  madder 
and  bran  must  be  added  to  it,  to  revive  the  fermentation  of  the  sediment,  along  with  some 
indigo  and  potash,  to  replace  what  may  have  been  abstracted  in  the  progress  of  dyeing. 
The  quantity  of  indigo  must  be  proportional,  of  course,  to  the  depth  or  lightness  of  the 
tints  required. 

During  the  operation  of  this  blue  vat  two  accidents  are  apt  to  occur ;  the  first,  which 
is  the  more  common  one,  is  called  the  throwing  back\  in  French,  the  rtti-e  rchutc^  and  in 
German,  Xht  Scharf  ot  Schwartztctrdtn  (the  becoming  shaip  or  black);  the  second  is 
the  putrtfaciion  of  the  ingredients.  Each  b  discoverable  by  its  peculiar  smelly  which  it 
is  impossible  to  describe.  The  first  is  occasioned  by  the  employment  of  too  much  quick- 
lime, whereby  the  liquor  becomes  neutral  or  even  alkaline.  This  fault  may  be  n-cog- 
nised  by  the  fading  of  the  green,  or  by  the  dark  green,  or  nearly  black  anprnrance  of  the 
liquor;  and  by  a  dull  blue  froth,  owing  to  a  film  of  lime.  The  remedy  for  a  slight  decree 
of  this  vicious  condition,  is  to  suspend  in  the  liquor  a  quantity  of  bran  lied  up  in  a  bag, 
and  to  leave  it  there  till  the  healthy  state  be  restored.  Should  the  evil  be  more  invete- 
rate, a  decoction  of  woad,  madder,  and  bran  must  be  introduced.  Strong  acids  are  rather 
detrimental.  Sulphate  of  iron  has  been  recommended,  because  its  acid  precipitates  the 
lime,  while  its  oxyde  reduces  the  indigo  to  the  soluble  state. 

The  decomposition  or  putrefaction  of  the  blue  vat  is  an  accident  the  reverse  of  the 
preceding,  arising  from  the  transition  of  the  acetous  into  the  putrid  fermentation,  ^vhereby 
the  dyeing  faulty  is  destroyed.  Such  a  misfortune  can  happen  only  towards  the  com- 
mencement of  working  the  vat,  whilst  the  woad  is  still  powerful,  and  very  little  indigo 
has  been  dissolved.  Whenever  the  vat  is  well  charged  with  indigo,  that  accident  cannot 
easily  supervene.  In  both  of  these  distemperatures  the  elevation  of  the  temperature  of 
the  vat  aggravates  the  evil. 

Dyeing  in  the  blue  vat  is  performed  as  follows : — 

Wool  is  put  into  a  net,  and  pressed  down  into  the  liquor  with  rods;  but  cloth  is  smoothly 
stretched  and  suspended  by  hooks  upon  frames,  which  are  steadily  dipped  into  the  vat, 
with  slight  motions  through  the  liquor ;  yarn-hanks  must  be  dipped  and  turned  about  by 
hand.  All  unnecessary  stirring  of  the  liquor  must  however  be  avoided,  lest  the  oxygen 
of  the  atmosphere  be  brought  too  extensively  into  contact  with  the  reduced  indigo,  for 
which  reason  mechanical  agitation  with  rollers  in  the  vat  is  inadmissible.  The  stuffs  to 
be  dyed  take  at  the  first  dip  only  a  feeble  color,  though  the  vat  be  strong,  but  they  must 
be  deepened  to  the  desired  shade  by  successive  immersions  of  fifteen  minutes  or  more  each 
time,  with  intervals  of  exposure  to  the  air,  for  absorption  of  its  oxygen. 

After  the  lapse  of  a  certain  lime,  if  the  fermentative  power  be  impaired,  which  is  re- 
cognised by  the  dye  stufiTs  losing  more  color  in  a  weak  alkaline  test  ley  than  they  ought, 
the  vat  should  be  used  up  as  far  as  it  will  go,  and  then  the  liquor  should  be  poured  away, 
for  the  indigo  present  is  not  in  a  reduced  state,  but  merely  mixed  mechanically,  and 
therefore  incapable  of  forming  a  chemical  combination  with  textile  fibres.  If  cotton 
goods  previously  treated  with  an  alkaline  ley  are  to  be  dyed  blur,  the  vat  should  contain 
very  liitle  lime. 

Theory  of  the  Indigo  vat, — The  large  quantity  of  extractive  matter  in  woad  and 
madder,  as  also  the  sugar,  starch,  and  gluten,  in  the  bran  and  woad,  when  di>solved 
in  warm  water,  soon  occasion  a  fermentation,  with  an  absorption  of  oxygen  from  the 
air,  but  especially  from  the  indigo  of  the  woad,  and  from  that  introduced  in  a  finely 
ground  state.  When  thus  disoxygenated,  it  becomes  soluble  in  alkaline  menstrua;  the 
red-brown  of  the  indigo  being  dissolved  at  the  same  time.  When  lime  is  added,  the 
indigo-hlue  dissolves,  and  still  more  readily  if  a  little  potash  is  conjoined  with  it;  hot 
whatever  indigo-brown  may  have  been  dissolved  by  the  potash,  is  thrown  down  by  the  lime. 
Lime  in  too  large  a  quantity,  however,  forms  an  insoluble  combination  with  the  ndoccd 
indigo,  and  thus  makes  a  portion  of  the  dye  ineffective;  at  the  same  time  it  combines 
with  the  extractive.  In  consequence  of  the  fennentative  action,  carbonic  acid,  acetic 
add,  and  ammonia  are  disengaged ;  the  first  two  of  which  neutralize  a  portion  of  the  lima, 
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and  require  small  quantities  of  this  earth  to  be  added  in  succession ;  hence  also  a  eos- 
siderable  quantity  of  the  carbonate  of  lime  is  found  as  a  deposite  on  the  sides  and  botlo» 
of  the  vat.  In  the  sound  condition  of  the  indigo  vat,  no  free  lime  shoald  be  perceiTed, 
but  on  the  contrary  a  free  acid.  Tet  when  the  disengaged  carbonic  and  acetic  adds  sit> 
urate  the  lime  completely,  no  indigo  can  remain  at  solution ;  thereibre  a  sufficient  supply 
of  lime  must  always  be  left  to  dissolve  the  dye,  otherwise  the  indigo  would  fiU  dm 
and  mix  with  the  extractive  matter  at  the  bottom.  Goods  dyed  in  the  blue  vat  are  oen- 
sionally  brightened  by  a  boil  in  a  logwood  bath,  with  a  mordant  of  sulpho-muriate  oftii, 
or  in  a  bath  of  cudbear. 

Another  mode  of  mounting  the  indigo  vat  without  woad  and  lime,  is  by  means  of  mad- 
der, bran,  and  potash.  The  water  of  the  vat  is  to  be  heated  to  the  temperature  of  I2f 
F. ;  and  for  120  cubic  feet  of  it,  12  pounds  of  indigo,  8  pounds  of  madder,  and  as  modi 
bran,  are  to  be  added,  with  24  pounds  of  good  potashes ;  at  the  end  of  36  hours,  12 
pounds  more  of  potash  are  introduced,  and  a  third  12  pounds  in  other  12  hours.  Is 
the  course  of  72  hours,  all  the  characters  of  the  reduction  and  solution  of  the  indigD 
become  apparent ;  at  which  time  the  fermentation  must  be  checked  by  the  addition  of 
quicklime.  The  liquor  has  a  bright  full  color,  with  a  beautiful  rich  froth.  In  feediaje 
the  vat  with  indigo,  an  equal  weight  of  madder,  and  a  double  weight  of  potash,  should 
be  added.  The  odor  of  this  vat,  in  its  mild  but  active  state,  is  necessarily  different  froo 
that  of  the  woad  vat,  as  no  ammonia  is  exhaled  in  the  present  case,  and  the  sediment  is 
much  smaller.  The  reduced  indigo  is  held  in  solution  by  the  carbonated  potash,  while 
the  small  addition  of  quicklime  merely  serves  to  precipitate  the  indigo-brown. 

A  potash  vat  dyes  in  about  half  the  time  of  the  ordinary  warm  vat,  and  penetrstet 
fine  cloth  much  better ;  while  the  goods  thus  dyed  lose  less  color  in  alkaline  and  sosp 
solutions.  Thu  vat  may  moreover  be  kept  with  ease  in  good  condition  for  several 
months ;  is  more  readily  mounted ;  and  from  the  minute  proportion  of  lime  present,  it 
cannot  impair  the  softness  of  the  woollen  fibres.  It  is  merely  a  little  more  ezpeosiTe. 
It  is  said  that  cloth  dyed  in  the  potash  indigo  vat,  requires  one  third  less  soap  in  the 
washing  at  the  fulling  mill,  and  does  not  soil  the  hands  aAer  being  dressed.  At  Elbeof 
and  Louviers,  in  France,*8uch  vats  are  much  employed.  Wool,  silk,  cotton,  and  lines, 
may  all  be  dyed  in  them. 

Cold  vafs. — The  copperas  or  common  blue  vat  of  this  country  is  so  named  because  tlie 
indigo  is  reduced  by  means  of  the  protoxyde  of  iron.  This  salt  should  therefore  be  is 
free  as  possible  fiom  the  red  oxyde,  and  especially  from  any  sulphate  of  «opper,  which 
would  re-oxydize  the  indi?o.  The  necessary  ingredients  are:  copperas  ( green  sulphiic 
of  iron),  newly  slaked  quicklime,  finely  cround  indigo,  and  water;  to  which  somelimM 
a  little  potash  or  soda  is  added,  with  a  proporlional  diminution  of  the  lime.  The  open- 
tion  is  conducted  in  the  following  way  :  the  indigo,  well  triturated  with  water  or  an  alka- 
line ley,  must  be  mixed  with  hot  water  in  the  preparation  \'at,  then  the  requisite  quantity 
of  lime  is  addH,  after  which  the  solution  of  copperas  must  be  pouretl  in  with  slirriag. 
Of  this  preparation  vat,  such  a  portion  as  may  be  wanted  is  laded  into  the  dyeinj;  TaL 
For  one  pound  of  indigo  three  pounds  of  copperas  are  taken,  and  four  )>ounds  of  lime 
(or  1  of  indigo,  2^  of  copperas,  and  3  of  lime).  If  the  copperas  be  partially  peroiydired, 
somewhat  more  of  it  must  be  used. 

A  vat  containing  a  considerable  excess  of  lime  is  called  a  sharp  vat,  and  is  not  well 
adapted  for  dyein?.  A  soft  vat,  on  the  contrary,  is  that  which  contains  loo  much  cop- 
peras. In  this  case  the  precipitate  is  apt  to  rise,  and  to  prevent  uniformity  of  lint  in  the 
dyed  coods.  The  sediment  of  the  copperas  vat  consists  of  sulphate  of  lime,  oxyde  of 
iron,  lime  with  iruliso  brown,  and  lime  with  indico  blue,  when  too  much  quicklime  has 
been  employed.  The  clear,  dark  wine  yellow  fluid  contains  indigo  blue  in  a  reduced  state, 
and  indigo  red,  both  combined  with  lime  and  with  the  eluten  of  indigo  dissolved.  After 
using  it  for  some  lime  the  vat  should  be  refreshed  or  fed  with  copperas  and  lime,  upon 
which  occasion  the  sediment  must  first  be  stirred  up,  and  then  allowed  time  to  settle 
again  and  become  clear.  For  obtaining  a  series  of  blue  tints,  a  series  of  vats  of  dilTerent 
strenfflhs  is  required. 

Linen  and  cotton  yarn,  before  being  dyed,  should  be  boiled  with  a  weak  alkaline  ley, 
then  put  upon  frames  or  tied  up  in  hanks,  and  after  removing  the  froth  from  the  vat, 
plunged  into  and  moved  gently  tliroush  it.  For  pale  blues,  an  old,  nearly  exhausted 
vat  is  used  ;  but  for  deep  ones,  a  fresh,  nearly  saturated  vat.  Cloth  is  stretched  upon  a 
proper  square  dipping  frame  made  of  wood,  or  preferably  of  iron,  furnished  with  sharp 
hooks  or  points  of  atiachment.  These  frames  are  suspended  by  cords  over  a  pulley,  and 
thus  immersed  and  lifted  out  alternately  at  proper  intervals.  In  the  course  of  8  or  10 
minutes,  the  cloth  is  sufliciently  saturated  with  the  solution  of  indigo,  aAer  which  it  it 
raised  and  suspended  so  as  to  drain  into  the  vat.  The  number  of  dippings  determioei 
the  depth  of  the  shade;  after  the  last,  the  goods  are  allowed  to  dry,  taken  off  the  frame, 
pluneed  into  a  sour  balh  of  vev^  dilvite  sulphuric  or  muriatic  acid,  to  remove  the  adber 
iflg  Jiine,  and  then  weW  iinsed      txMinvTv^  -^aXw.  \\«\^^  ^v^'^^v^  iTvuc^vwue 
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dyers  age  a  pecnliar  roller  apparatus,  called  galloper*,  siniilar  to  what  has  been  described 
onder  Calico  PaiNTiNO ;  particularly  for  pale  blues.  This  cold  vat  is  applicable  to 
cotton,  linen,  and  silk  goods. 

When  white  spots  are  to  appear  upon  a  bine  ground,  resist  pastes  are  to  be  used,  as 
described  under  Calico  Printing. 

The  urine  vat  is  prepared  by  digestion  of  the  ground  indigo  in  wanned  stale  urine, 
which  first  disoxygenates  the  indigo,  and  then  dissolves  it  by  means  ot*  its  ammonia. 
Madder  and  alum  are  likewise  added,  the  latter  being  of  use  to  moderate  the  fermenta- 
tioB.  This  vat  was  employed  more  commonly  of  old  than  at  present,  for  the  purpose  of 
dyeing  woollen  and  linen  goods. 

The  mode  of  making  the  China  bine  dye  has  been  described  under  Calico  Phinting  ; 
as  well  as  the  pencil  blue,  or  blue  of  application. 

A  blue  dye  may  likewise  be  given  by  a  solution  of  indigo  in  sulphuric  acid.  This  pro- 
eess  was  dbcovered  by  Barth,  at  Grossenhayn,  in  Saxony,  about  the  year  1740,  and  is 
hence  called  the  Saxon  blue  dye.  The  chemical  nature  of  this  process  has  been  already 
folly  explained.  If  the  smoking  sulphuric  acid  be  employed,  from  4  to  5  parts  are  suffi- 
dent  for  1  of  indigo ;  but  if  oil  of  vitriol,  from  7  to  8  parts.  The  acid  is  to  be  poured 
into  an  earthenware  pan,  which  in  summer  must  be  placed  in  a  tub  of  cold  water,  to  pre- 
sent it  getting  hot,  and  the  indigo,  in  fine  powder,  is  to  be  added,  with  careful  stirring, 
in  small  successive  portions.  If  it  becomes  heated,  a  part  of  the  indigo  is  decom- 
posed, with  the  disengagement  of  sulphurous  acid  gas,  and  indigo  green  is  produced. 
Whenever  all  the  indigo  has  been  dissolved,  the  vessel  must  be  covered  up,  allowed  to 
stand  for  4S  hours,  and  then  diluted  with  twice  its  weight  of  clear  river  water. 

The  undiluted  mass  has  a  black  blue  color,  is  opaque,  thick,  attracts  water  from  the 
air,  and  is  called  indigo  compoiition,  or  chemic  blue.  It  must  be  prepared  beforehand, 
and  kept  in  store.  In  this  solution,  besides  the  cerulin,  there  are  also  indigo-red,  indigo- 
brown,  and  gluten,  by  which  admixture  the  pure  blue  of  the  dye  is  rendered  foul,  as- 
suming a  brown  or  a  green  cast.  To  remove  these  contaminations,  wool  is  had  recourse 
to.  This  is  plunged  into  the  indigo  previously  difi'used  through  a  considerable  body  of 
water,  brought  to  a  boiling  heal  in  a  copper  kettle,  and  then  allowed  to  macerate  as  it 
eools  for  24  hours.  The  wool  takes  a  dark  blue  dye  by  absorbing  the  indigo-blue  sulphate 
and  hyposulphite,  while  at  the  same  time  the  liquor  becomes  greenish  blue ;  and  if  the 
wool  be  lefl  longer  immersed,  it  becomes  of  a  dirty  yellow.  It  must  therefore  be  taken 
out,  drained,  washed  in  running  water  till  this  runs  ofi*  colorless,  and  without  an  ackl 
taste.  It  must  next  be  put  into  a  copper  full  of  water,  containing  one  or  two  per  cent, 
of  carbonate  of  potash,  soda,  or  ammonia  (to  about  one  third  the  weight  of  the  indigo), 
and  subjected  to  a  boiling  heat  for  a  quarter  of  an  hour.  The  blue  salts  forsake  the 
wool,  leaving  it  of  a  dirty  red-brown,  and  dye  the  water  blue.  The  wool  is  in  fact  dyed 
with  the  indigo-red,  which  is  hardly  soluble  in  alkali.  The  blue  liquor  may  now  be  em- 
ployed as  a  fine  dye,  possessed  of  superior  tone  and  lustre.  It  is  called  distilled  blue  and 
toMU  blue.  Sulphuric  acid  throws  down  from  it  the  small  quantity  of  indigo-red  which 
had  been  held  in  solution  by  the  alkali. 

When  wool  is  to  be  dyed  with  this  sulphate  of  indigo-blue,  it  must  be  first  boiled  in 
ilam,  then  treated  with  the  blue  liquor,  and  thus  several  times  alternately,  in  order  to 
produce  a  uniform  blue  color.  Too  long  continuance  of  boiling  is  injurious  to  the 
beauty  of  the  dye.  In  this  operation  the  woollen  fibres  get  impregnated  with  the  indigo- 
Uoe  sulphate  of  alumina. 

With  sulphate  of  indigo,  not  only  blues  of  every  shade  are  dyed,  but  also  green,  olive, 
pay,  as  also  a  fast  ground  to  logwood  blues ;  for  the  latter  ptfrpose  the  preparatory  boil 
is  given  with  alum,  tartar,  sulphates  of  copper  and  iron,  and  the  blue  solution  ;  a(\er 
irhich  the  goods  are  dyed  up  with  a  logwood  bath  containing  a  little  poUsh. 

Statistical  Tables  or  Indigo;  per  favor  of  James  Wilkinson,  Esq., 
of  Leadenhall  Street. 

East  India  Indigo. 


ProduM  in  India. 

Cooaamption  of 
the  World ;  aTe- 
rage,  4  yean. 

Stock  in  England 
Slat  December. 

Hiffheat  Price. 

Good  middlinf 
Violet. 

Chests, 
21,000 
23,600 
22,800 
28,600 
30,500 
25,000 

Chesti. 

22,200 
22,500 
22,800 
23,000 
23,200 
26,900 

Chests, 

26,900 
29,500 
24,600 
24,900 
30,400 
26,700 

Per  lb. 
s.  d. 

10  6 

11  6 
15  5 
13  0 
11  0 
\^  ^ 

s,  d.       s,  d. 

5  6      6  0 

6  9      7  3 
9  0      9  6 

7  9      8  3 
6  9      7  6 

\  b  ^      ^  ^ 

Teara. 


1811 
1812 
1813 
1814 
1815 
1816 
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Yean. 

Produce  in  India. 

VyOHBumpuon  oi 
the  World ;  are- 
rage,  4  yeaia. 

Stock  in  England 
SlBt  Deoeaber. 

Highott  Price. 

Good  iwi^^Bf 

Violflt. 

1817 

20,500 

27,000 

23,500 

10 

0 

7 

3 

7 

9 

1818 

19,100 

26,500 
26,400 

24,000 

9 

3 

6 

9 

7 

3 

1819 

20,700 

19,700 

8 

6 

5 

6 

6 

0 

1820 

27,200 

24,200 

14,500 

9 

0 

6 

3 

6 

9 

1821 

21,100 

25,300 

9,800 

11 

6 

8 

6 

9 

0 

1822 

25,700 

26,000 

8,200 

12 

0 

9 

0 

9 

6 

J  0<£0 

Jo,lUv 

10 

0 

7 

3 

7 

9 

1824 

24,100 

26,500 

12,200 

15 

0 

12 

« 

12 

6 

1825 

43,600 

23,500 

16,400 

15 

6 

12 

12 

6 

1826 

28,000 

27,300 

22,300 

11 

3 

7 

6 

7 

9 

1827 

45,300 

28,900 

22,800 

12 

6 

8 

0 

8 

6 

1828 

30,000 

31,000 

31,100 

10 

0 

6 

3 

6 

6 

1829 

43,200 

33,000 

31,200 

8 

9 

6 

3 

5 

9 

Tean. 

1830-1 

32,100 

32,800 

37,600 

1831 

7 

9 

4 

3 

4 

9 

1831-2 

32,500 

34,500 

35,700 

1832 

6 

3 

4 

3 

4 

1832-3 

35,200 

35,500 

32,500 

1833 

6 

0 

4 

2 

4 

i 

1833-4 

27,100 

34,600 

35,800 

1834 

8 

0 

6 

3 

6 

1834-5 

30,500 
32,600 

33,800 

29,319 

1835 

7 

0 

5 

3 

5 

6 

1835-6 

34,700 

21,449 
26,219 

1836 

6 

3 

4 

9 

5 

0 

1836-7 

32,600 

1837 

8 

9 

6 

9 

7 

0 
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Yean. 

1  Eipoftwt 

Bom*  CmapMa. 

'  lbs. 

1785 

1        5S-1 ,885 

J  786 

1,724,045 

466,696 
502,800 

1787 

364,046 

1  I,5l4j784 

1788 

622,691 

1,473,020 

445,857 

1789 

371,469 

],5!M,fiI8 

673,630 

1790 

1,:HJ7,08S 

821,131 

1791 

465,198 

l,Mi.r>H!^ 

870,  |R5 

1792 

581,827 

h274,3:i?^ 

1793 

99O,7G0 

1,066,817 

92^,707 

l,487j642 
1,J124^41 

1,623,908 

tm 

2,862,684 

1,387,171 

179S 

3,S97,m 

680,915 

1,883,320 

1797 

1,754,233 

535,843 

3,I0f),610 

1798 

3,862,188 

1J*2,01]0 

l,7l8.r>24 

1799 

2,674,317 

5125459 

IBOO 

lj07ti,417 

2,586,833 
2,281,812 

im 

2,123,637 

827,696 

2,264, 1D9 

669,679 

1,961,346 

1803 

Ijl30,l94 

JR04 

39M58 

1,5-23,095 

1S05 

687,319 

I, 15.035 

ims 

2,612,181 

319^394 

mi 

f>,326.032 

715,809 

2,006,463 
1,568,351 

.1^ 

5,314,S60 

477,625 
674,W 

im 

2J79,0R3 

3,179,B6i 

1810 

5/2  KifilH 

883^061 

2,485.679 

J»!l 

658,577 

1,56^,056 

1812 

354,171 
oyed  by  Fire  *il 

l,K5:iiM6 

lKt3 

1814 

328^881 

5,501,85! 

3,406,283 
2,774^091 

1616 

6,543,852 

4,278,674 

ISJt 

7,247,227 

4,214,454 

1,899^19 

1817 

^  2,^27,443 

2j37T,$» 

ISIS 

&,4^  ,76ft 

\  W^Kl 
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_ 

Bom*  CgBMniEtifttati. 

1819 

129,682 

3,126,^73^ 
'  4^78,857 

2,033,601 

1820 

161,164  ' 
I19;S17 

S;288^]96 

1S21 

2^49,284 

2,985^84 

l,9fi§j50& 

im 

374;0O 

2,378>48 

2^004,062 

JS33 

€^7^6 

Oa4,40§ 

2,783^ 

2,322,221 

1S24 

4,595,707 

485,110 

2,795,740 

!>,49^ir^^^o 

1825 

6,233,3S5 

560,296 

3,870^ 

IS26 

7,699,439 

386,312 

4^mi63 

1827 

&j404,SJl 

662,936 

3,3J5,Ij75 

2.3fit>,365 

im 

9,683,62i6 

229,384 

4,588^8 

3,064,915 

768,757 

4,286,605 

2»U3jm 

4,686,784 

S,676,»4S 

mi 

T/j0MlO 

!  290,0R9 

4.374.241 

2,490  J34 

1832 

131,340 

5,34fi.725 

183a 

331,016 

3,t><Vl,8l4 

2,447,8^7 

1834 

3,798,J44 
3^8^$ 

357.152 

183,460 

4,Q74,5£I8 

2,606,772 

NDIAN  RUBBER  is  the  vulgar  name  of  caontchouc  in  this  country. 

NK  (Encrty  Fr. ;  Tin/e,  Germ.)  is  a  colored  liquid  for  writing  on  paper,  parchment, 

n,  &c.  with  a  pen. 

^lack  ink, — Nutgalls,  sulphate  of  iron,  and  gnm,  are  the  only  substances  truly  nsefol 
he  preparation  of  ordipary  ink;  the  other  things  often  added  merely  modify  the  shade, 
considerably  diminisn  the  cost  to  the  manufacturer  upon  the  great  scale.  Many  of 
se  inks  contain  little  gallic  acid,  or  tannin,  and  are  therefore  of  inferior  quality.  To 
ce  12  gallons  of  ink,  we  may  take — 

12  pounds  of  nutgalls, 
5  pounds  of  green  sulphate  of  iron, 
5  pounds  of  gum  senega], 
12  gallons  of  water. 

?he  bruised  nutgalls  are  to  be  put  into  a  cylindrical  copper,  of  a  depth  equal  to  ith 
meter,  and  boiled,  during  three  hours,  with  three  fourths  of  the  above  quantity  of 
ler,  taking  care  to  add  fresh  water  to  replace  what  is  lost  by  evaporation.  The 
oction  is  to  be  emptied  into  a  tub,  allowed  to  settle,  and  the  clear  liquor  being 
wn  off,  the  lees  are  to  be  drained.  Some  recommend  the  addition  of  a  little  bullock's 
od  or  white  of  egtr,  to  remove  a  part  of  the  tannin.  But  this  abstraction  tends  to  lessen 
product,  and  will  seldom  be  practised  by  the  manufacturer  intent  upon  a  large  return 

his  capital.  The  gum  is  to  be  dissolved  in  a  small  quantity  of  hot  water,  and  the 
dlage  thtis  formed,  being  filtered,  is  added  to  the  clear  decoction.  The  sulphate  of 
I  must  likewise  be  separately  dissolved,  and  well  mixed  with  the  above.  The  color 
kens  by  degrees,  in  consequence  of  the  peroxydizement  of  the  iron,  on  exposing  the 

to  the  action  of  the  air.  But  ink  affords  a  more  durable  writing  when  used  in  the 
e  state,  because  its  particles  are  then  finer,  and  penetrate  the  paper  more  intimately, 
ten  ink  consists  chiefly  of  tannate  of  peroxyde  of  iron,  however  black,  it  is  merely 
lerficial,  and  is  easily  erased  or  effaced.  Therefore,  whenever  the  liquid  made  by  the 
»ve  prescription  has  acquired  a  moderately  deep  tint,  it  should  be  drawn  off  clear  into 
ties,  and  well  corked  up.  Some  ink-makers  allow  it  to  mould  a  little  in  the  casks 
ore  bottling,  and  suppose  that  it  will  thereby  be  not  so  liable  to  become  mouldy  in  the 
lies.  A  few  bruised  cloves,  or  other  aromatic  perfume,  added  to  ink,  is  said  to  pre- 
it  the  formation  of  mouldiness,  which  is  produced  by  the  ova  of  infusoria  animalcules, 
refer  digesting  the  galls  to  boiling  them. 

rhe  operation  may  be  abridged,  by  peroxydizing  the  copperas  beforehand,  by  moderate 
eination  in  an  open  vessel ;  but,  for  the  reasons  above  assigned,  ink  made  with  such  a 
pbmte  of  iron,  however  agreeable  to  the  ignorant,  when  made  to  shine  with  gum  and 
rar,  under  the  name  of  japan  ink,  is  neither  the  most  durable  nor  the  most  pleasant  to 
ite  with. 

From  the  comparatively  high  price  of  gall-nuts,  somtch,  logwood,  and  even 
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oak  bark,  are  too  frequently  substituted,  to  a  considerable  degree,  in  the  manufadne 

of  ink. 

The  ink  made  by  the  prescription  given  above,  is  much  more  rich  and  powerful  tbn 
many  of  the  inks  commonly  sold.  To  bring  it  to  their  standard,  a  half  more  water  naj 
safely  be  added,  or  even  20  gallons  of  tolerable  ink  may  be  made  from  that  weight  of 
materials,  as  1  have  ascertained. 

Sumach  and  logwood  admit  of  only  about  one  half  of  the  copperas  that  galls  will  take 
to  bring  out  the  maximum  amount  of  black  dye. 

Chaptal  gives  a  prescription  in  liis  Ckimie  appliqufe  aux  artty  which,  like  many  oCker 
things  in  that  book,  are  published  with  very  liitie  knowledge  and  discrimination.  He 
uses  logwood  and  sulphate  of  copper,  in  addition  to  the  galls  and  sulphate  of  iron;  a  per- 
nicious combination,  productive  of  a  spurious  fugitive  black,  and  a  liquor  corrosive  of 
pens.    It  is,  in  fact,  a  modification  of  the  vile  dye  of  the  hatters. 

Lewis,  who  made  exact  experiments  on  inks,  assigned  the  proportion  of  3  parts  of  giBi 
to  1  of  sulphate  of  iron,  which,  with  average  galls,  will  answer  very  well ;  but  good  galb 
will  admit  of  more  copperas. 

Gold  ifik  is  made  by  grinding  upon  a  porphyry  slab,  with  a  mnller,  gold  leaves  aknf 
with  white  honey,  till  they  be  reduced  to  the  finest  possible  divisiob.  The  paste  is  tbea 
collected  upon  the  edge  of  a  knife  or  spatula,  put  into  a  large  glass,  and  diffused  thromtk 
water.  The  gold  by  gravity  soon  falls  to  the  bottom,  while  the  honey  dissolves  in  the 
water,  which  must  be  decanted  off.  The  sediment  is  to  be  repeatedly  washed  till  entirelf 
freed  from  the  honey.  The  powder,  when*  dried,  is  very  brilliant,  and  when  to  he  used 
as  an  ink,  may  be  mixed  up  with  a  little  gum  water.  AAer  the  writing  becomes  dry,  it 
should  be  burnished  with  a  wolPs  tooth. 

Silver  ink  is  prepared  in  the  same  manner, 
f  Indelible  ink. — A  very  good  ink,  capable  of  resisting  chlorine,  oxalic  acid,  and  ablvtioa 

with  a  hair  pencil  or  sponge,  may  be  made  by  mixing  some  of  the  ink  made  by  the  pre- 
ceding prescription,  with  a  little  genuine  China  ink.  It  wiites  well.  Many  other  fonn- 
ulte  have  been  given  for  indelible  inks,  but  they  are  all  inferior  in  simplicity  and  useTal- 
ness  to  the  one  now  prescribed.  Solution  of  nitrate  of  silver  thickened  with  gum,  aad 
written  with  upon  linen  or  cotton  cloth,  previously  imbued  with  a  solution  of  soda,  and 
dried,  is  the  ordinary  permanent  ink  of  the  shops.  Before  the  cloths  are  washed,  the 
writing  should  be  exposed  to  the  sun-beam,  or  to  bright  daylightfwhich  blackens  and  fixes 
the  oxyde  of  silver.    It  is  easily  discharged  by  chlorine  and  ammonia. 

Red  ink. — This  ink  may  be  made  by  infusing,  for  3  or  4  days  in  weak  vinc^r, 
Brazil  wood  chipped  into  small  pieces ;  the  infusion  may  be  then  boiled  upon  the  wood 
for  an  hour,  strained,  and  thickened  slightly  with  gum  arabic  and  sugar.  A  little 
alum  improves  the  color.  A  decoction  of  cochineal  with  a  little  water  of  ammonit, 
forms  a  more  beautiful  red  ink,  but  it  is  fugitive.  An  extemporaneous  red  ink  of  the 
same  kind  may  be  made  by  dissolving  carmine  in  weak  water  of  ammonin,  and  adding  i 
little  mucilage. 

Green  ink. — According  to  Klaprolh,  a  fine  ink  of  this  color  may  be  prepared  by  boiling 
a  mixture  of  two  ports  of  verdigris  in  eight  parts  of  water,  with  one  of  cream  of  tartar, 
till  the  total  bulk  be  reduced  one  half.  The  solution  must  be  then  passed  through  i 
cloth,  cooled,  and  bottled  for  use. 

Yellow  itik  is  made  by  dissolving  3  parts  of  alum  in  100  of  water,  adding  25  parts  of 
Persian  or  Avignon  berries  bruised,  boiling  the  mixture  for  an  hour,  straining  the  liquor, 
and  dissolving  in  it  4  parts  of  gum  arabic.  A  solution  of  gamboge  in  water  forms  aeon- 
venient  yellow  ink. 

By  examining  the  different  dye-stuffs,  and  considering  the  processes  used  in  dyeing  witb 
them,  a  variety  of  colored  inks  may  be  made. 

China  ink. — Proust  says,  that  lamp-black  purified  by  potash  ley,  when  mixed  with 
a  solution  of  glue,  and  dried,  formed  an  ink  which  was  preferred  by  artists  to  that  of 
China.  M.  Merimee,  in  his  interesting  treatise,  entitled,  De  la  peinture  ii  PhuiUy  »y*» 
that  the  Chinese  do  not  use  glue  in  the  fabrication  of  their  ink,  but  that  they  ifki 
vegetable  juices,  which  render  it  more  brilliant  and  more  indelible  upon  paper. 
When  the  best  lamp-black  is  levigated  with  the  purest  gelatine  or  solution  of  gloe,  it 
forms,  no  doubt,  an  ink  of  a  good  color,  but  wants  the  shining  fracture,  and  is  not  » 
permanent  on  paper  as  good  China  ink  ;  and  it  stiffens  in  cold  weather  into  a  tremulous 
jelly.  Glue  may  be  deprived  of  the  gelatinizing  properly  by  boiling  it  for  a  lone  time, 
or  subjecting  it  to  a  hish  heat  in  a  Papin's  digester;  but  as  ammonia  is  apt  to  be  gene- 
rated in  this  way,  M.  Merimt^  recommends  starch  gum  made  by  sulphuric  acid  (Britiih 
gum)  to  be  used  in  preference  to  glue.  He  gives,  however,  the  following  directions  for 
preparing  this  ink  with  glue.  Into  a  solution  of  glue  he  pours  a  concentrated  solntkn 
of  gall  nuts,  which  occasions  an  elastic  resinous-looking  precipitate.  He  washes  thii 
matter  with  hot  water,  and  dissolves  it  in  a  spare  solution  of  clarified  glue.   He  filten 
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aneWy  and  concentrates  it  to  the  proper  degree  for  being  incorporated  with  the  purified 
lamp-black.  The  astringent  principle  in  vegetables  does  not  precipitate  gelatine  when 
ita  acid  is  saturated,  as  is  done  by  boiling  the  nutgalls  with  limewater  or  magnesia.  The 
first  mode  of  making  the  ink  is  to  be  preferred.  Thtf  lamp-black  is  said  to  be  made  in 
China,  by  collecting  the  smoke  of  the  oil  of  sesame.  A  little  camphor  (about  2  per  cent.) 
has  been  detected  in  the  ink  of  China,  and  is  supposed  to  Improve  it.  Infusion  of  galls 
renders  the  ink  permanent  on  paper. 

Sympathetic  ink.   The  best  is  a  solution  of  muriate  of  cobalt. 

Printer't  ink.    See  this  article. 

By  decomposing  vanadate  of  ammonia  with  infusion  of  galls,  a  liquid  is  obtained 
of  a  perfectly  black  hue,  which  flows  freely  from  the  pen,  is  rendered  blue  by  acids,  is 
insoluble  in  dilute  alkalis,  and  resists  the  action  of  chlorine.  Whenever  the  metal  vana- 
dium shall  become  more  abundant,  as  it  probably  may  ere  lonir,  we  shall  possess  the 
means  of  making  an  ink,  at  a  moderate  price,  much  superior  to  the  (annate  and  gallate 
of  iron. 

To  prepare  the  above  vanadic  salt  cheaply,  the  cinder  or  hammerschlag  obtained 
from  the  iron  made  ai  Ekersholm,  in  Sweden,  or  other  iron  which  contains  vana- 
dium, being  reduced  to  a  fine  powder,  is  to  be  mixed  with  two  thirds  of  its  weight  of 
nitre,  and  one  third  of  effloresced  soda.  The  mixture  is  to  be  ignited  in  a  crucible;  cooled 
and  lixiviated,  whereby  solutions  of  the  vanadates  of  potash  and  soda  are  obtained,  not 
pare,  indeed,  but  sufficiently  so  for  being  decomposed,  by  means  of  sal  ammoniac,  into  a 
vanadate  of  ammonia.  This  being  rendered  nearly  neutral  with  any  acid,  constitutes  an 
excellent  indelible  ink. 

INULINE  (Eng.  and  Fr.)  is  a  substance  first  extracted  from  the  root  of  the  Inula-Hel' 
lenium,  or  Elecampane.  It  is  white  and  pulverulent  like  starch ;  and  differs  from  this 
sabstance  chiefly  because  its  solution,  when  it  cools,  lets  faH  the  inuline  unchanged  in 
powder,  whereas  starch  remains  dissolved  in  the  cold,  as  a  jelly  or  paste. 

Inuline  is  obtained  by  boiling  the  root  sliced  in  3  or  4  times  its  weight  of  water,  and 
setting  the  strained  decoction  aside  till  it  cools,  when  the  pulverulent  inuline  precipitates. 
It  exists  also  in  the  roots  of  colchicum,  and  pellitory. 

IODINE  (lode,  Fr. ;  lod,  Germ.)  is  one  of  the  archsal  undecompounded  chemical 
bodies,  which  was  discovered  accidentally  in  1812  by  M .  Courtois,  a  manufacturer  of 
saltpetre,  in  the  mother-waters  of  that  salt.  Its  affinities  for  other  substances  are  so 
powerful  as  to  prevent  it  from  existing  in  an  insulated  state.  It  occurs  combined  with 
potassium  and  sodium  in  many  mineral  waters,  such  as  the  brine  spring  of  Ashby-de-la- 
Zoocbe,  and  other  strongly  saline  springs.  This  combination  exists  sparingly  in  sca- 
water,  abundantly  in  many  species  of  fucus  or  sea-weed,  and  in  the  kelp  made  from 
them ;  in  sponges ;  in  several  marine  moUusc^ti  such  as  the  doris^  the  venus,  oysters,  &.c. ; 
in  several  polyparies  and  sea  plants,  as  the  gorgonia,  the  zostera  marina,  &c. ;  particu- 
larly in  the  mother-waters  of  the  salt-works  upon  the  Mediterranean  sea;  and  it  has 
been  found  in  combination  with  silver,  in  some  ores  brought  from  the  neighborhood  of 
Mexico. 

Iodine  is  most  economically  procured  from  the  mother-water  of  kelp,  as  furnished  by 
those  manufacturers  of  soap  in  Scotland  and  elsewhere  who  employ  this  crude  alkaline 
matter.  By  pouring  an  excess  of  sulphuric  acid  upon  that  liquid,  and  exposing  the 
mixture  to  heat  in  a  retort,  iodine  rises  in  vioUt  vapors  (whence  its  name),  and  condenses 
in  the  receiver  into  black,  brilliant,  soft,  scaly  crystals,  resembling  graphite  or  plumbago. 
An  addition  of  the  peroxyde  of  manganese  to  the  above  mixture,  favors  the  production 
of  iodine.  Souberain  has  proposed  as  a  means  of  extracting  it  in  greater  abundance 
from  a  given  quantity  of  the  said  mother-Waters,  to  transform  the  iodide  of  potash  or 
soda,  present,  into  an  insoluble  iodide  of  copper,  by  pouring  into  them  solution  of 
anlphate  of  copper,  which  precipitates  first  of  all  one  half  of  the  iodine.  He  then 
decants  the  supernatant  liquor,  and  adds  to  it  a  fresh  quantity  of  the  sulphate  along 
with  some  iron  filings.  The  latter  metal  seizes  the  oxygen  and  sulphuric  acid  of 
the  cupreous  salt,  sets  the  copper  free,  which  then  seizes  the  other  half  of  the 
iodine.  To  separate  this  iodide  from  the  remaining  iron  filings,  he  aeitates  the 
whole  with  water,  and  decants  the  liquor.  The  filings  immediately  subside,  but  the 
iodide  of  copper  remains  for  some  time  in  a  state  of  suspension.  This  compound, 
separated  by  a  filler  cloth,  is  to  be  mixed  with  twice  its  weight  of  the  black  peroxyde 
of  manganese,  and  as  much  sulphuric  acid  as  will  make  the  mixture  into  a  paste ;  which 
mixture  being  introduced  into  a  retort,  and  distilled,  the  iodine  comes  over  in  its  cha- 
racteristic violet  vapors,  which  are  condensed  into  the  gl|;5tening  black  substance  in  the 
receiver. 

Iodine  is  always  solid  at  atmospheric  temperatures,  though  it  slowly  flies  oflT  with  a 
peculiar  oflTensive  penetrating  odor  somewhat  like  chlorine.  Its  specific  gravity  is 
4-946  at  the  temperature  of  62P  Fahr.   Its  prime  equivalent,  according  to  Berzelius,  is 
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63*283,  one  Yolume  of  hydrogen  bemg  I'OOO ;  but  126*566,  if  two  Tolames  of  hydragea 
be  reckoned  unity,  as  most  British  chemists  estimate  it,  from  the  competition  of  water. 
It  possesses  in  a  high  degree  electro-negative  properties,  like  oxygen  and  chkirine;  ud 
therefore  makes  its  appearance  at  the  positive  pole,  when  its  compounds  are  placed  in  tk 
voltaic  circuit.  It  stains  the  skin  yellow ;  and  if  applied  for  some  time  to  it,  is  apt  It 
produce  painful  ulcerations. 

Iodine  melts  only  at  about  390°  Fahr. ;  but  with  the  vapor  of  water  it  volatilizes  at  212*. 
It  has  a  great  affinity  for  hydrogen,  and  constitutes  by  that  union  hydriodic  acid ;  a  con- 
pound  resembling  in  some  respects  muriatic  or  hydrochloric  acid.  It  also  can  beeombiB- 
ed  with  oxygen,  and  forms  thereby  iodic  acid.  Its  compounds  with  carbon,  phospbons, 
sulphur,  chlorine,  azote,  and  many  metals,  have  not  been  applied  to  any  mannfacturiif 
purpose,  and  therefore  need  not  be  described  here. 

The  chief  application  of  iodine  in  the  arts,  is  for  the  detection  of  starch,  whi^  its 
watery  solution,  though  containing  only  one  part  in  5000,  does  readily,  by  the  prodoetioB 
of  a  deep  purple  color ;  this  vanishes  by  exposing  the  starch  to  the  air  ibr  some  time,  or 
more  quickly  by  heating  it. 

As  a  medicine,  iodine  and  its  compounds,  such  as  the  iodides  of  potassium  and  iro&jUe 
sapposed  to  possess  creat  powers  in  resolving  glandular  swellings.  The  periodideofDcr* 
cnry  is  a  brilliant  red  pigment,  but  somewhat  evanescent. 

Chlorine,  bromine,  and  iodine,  are  frequently  associated ;  and  it  has  hitherto  bees 
reckoned  a  difficult  problem  to  separate  them  from  one  another.  The  following  plai  ii 
proposed  by  Mr.  Ldvig. 

Heat  the  mixture  of  the  dried  chloride  and  bromide  (or  chloride  and  iodide)  while  a 
current  of  chlorine  is  made  to  pass  over  it,  till  no  more  bromine  is  carried  off  bjr  tbe 
chlorine.  Receive  the  gases  in  a  solution  of  potash ;  saturate  this  fluid  mixture  of  the 
chloride  of  potassium,  and  the  chlorate  and  bromate  of  potash  with  nitric  acid,  tMiaf. 
aAerwards  nitrate  of  silver.  A  mixture  of  bromate  and  chloride  of  silver  will  precipitate. 
Dry  the  precipitate,  calcine  it,  and  calculate  the  proportion  of  bromine  from  the  volane 
of  oxygen  gas  now  disengaged.  It  would  be  preferable  to  digest  in  a  vial,  the  precipi- 
ta'te  while  moist,  along  with  water  of  baryta,  which  decomposes  the  bromate  of  silTcr 
without  acting  upon  the  chloride.  The  excess  of  baryta  being  thrown  down  by  carboaie 
acid,  and  the  liquid  being  evaporated,  a  bromate  of  baryta  is  obtained,  which  maj  be 
washed  with  alcohol  of  0*840.  The  solution  of  bromate  of  baryta  may  also  be  neutral- 
ized by  nitric  acid,  and  the  bromic  acid  may  be  precipitated  by  nitrate  of  silver.  The 
same  method  is  applicable  to  the  separation  of  iodine  from  chlorine. 

After  throwing  down  the  solution  of  the  mixed  salts  by  nitrate  of  silver,  Berzelios 
digests  the  washed  precipitate  in  a  closed  bottle  of  water  of  baryta;  whence  resolis 
bromate  of  baryta  without  any  chloride  of  barium.  On  evaporating  the  liquor  we  ob- 
tain crystallized  bromate  of  baryta,  which  may  be  freed  from  a  small  accidental  quantity 
of  chloride,  by  washing  with  alcohol  at  0*840.  By  calcination  we  then  obtain  bromiJe 
of  barium,  which,  being  distilled  with  sulphuric  acid  and  peroxyde  of  manganese,  afbrds 
bromine. 

IRIDIUM  is  a  metal  discovered  by  Descotils  in  1803,  as  also  by  Tenant  in  1804;  and 
is  so  called  because  its  different  solutions  exhibit  all  the  colors  of  the  rainbow.  It  occars 
only  in  the  ore  of  platinum,  beinj?  found  there  in  two  stales ;  1.  united  to  that  metal,  and 
2.  as  alloy  of  osmium  and  iridium,  in  the  form  of  small,  insulated,  hard  grains.  Iridioo 
is  the  most  refractory  of  all  the  metals ;  and  appears  as  a  gray  metallic  powder.  It  is 
not  fused  by  the  flame  of  the  hydroxygen  lamp. 

IRON  (Fer,  Ft.  ;  Eiseriy  Germ.)  is  a  metal  of  a  bluish-gray  color,  and  a  dull  fibrooj 
fracture,  but  it  is  capable  of  acquiring  a  brilliant  surface  by  polishing.  Its  specific  gravity 
is  7*78.  It  is  the  most  tenacious  of  metals,  and  the  hardest  of  all  those  which  are  malleable 
and  ductile.  It  is  singularly  susceptible  of  the  magnetic  virtue,  but  in  its  pure  stale  soon 
loses  it.  When  rubbed  it  has  a  slisht  smell,  and  it  imparts  to  the  tongue  a  pecniiar 
astringent  taste,  called  chalybeate.  In  a  moist  atmosphere,  iron  speedily  oxydizes 
becomes  covered  with  a  brown  coating,  called  rust. 

Every  person  knows  the  manifold  uses  of  this  truly  precious  metal;  it  is  capable  of 
being  cast  in  moulds  of  any  form ;  of  being  drawn  out  inlo  wires  of  any  desired  strencth 
or  fineness ;  of  being  extended  into  plates  or  sheets;  of  being  bent  in  every  direction;  of 
being  sharpened,  hardened,  and  softened  at  pleasure.  Iron  accommodates  itself  to  aD 
our  wants,  our  desires,  and  even  our  caprices ;  it  is  equally  serviceable  to  the  arts,  the 
sciences,  to  agriculture,  and  war;  the  same  ore  furnishes  the  sword,  the  ploughshare,  tbe 
scythe,  the  pruning  hook,  the  needle,  the  graver,  the  spring  of  a  watch  or  of  a  carriafc, 
the  chisel,  the  chain,  the  anchor,  the  compass,  the  cannon,  and  the  bomb.  It  is  * 
medicine  of  much  virtue,  and  the  only  metal  friendly  to  the  human  frame. 

The  ores  of  iron  are  scattered  over  the  crust  of  the  globe  with  a  beneficent  profosioi> 
proportioned  to  the  utility  of  the  metal ;  they  are  found  under  eveiy  latitude,  and  efoy 
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aone ;  in  every  mineral  formation,  and  are  disseminated  in  erery  loil.  Considered  in  a 
purely  mineralogical  point  of  view,  without  reference  to  their  importance  for  reduction, 
they  may  be  reckoned  to  be  19  in  numbjer;  namely,  1.  native  iron  of  three  kinds:  pure, 
nickeliferous,  and  steely ;  2.  arsenical  iron ;  3.  yellow  sulphuret  of  iron ;  4.  white  sul- 
phuret  of  iron;  5.  magnetic  sulphuret  of  iron;  6.  black  oxyde  of  iron,  either  the  kwd- 
stone,  or  susceptible  of  magnetism,  and  titaniferous ;  7.  compact  ftr  oligute,  specular  iron 
ore,  as  of  Elba,  and  scaly  /er  oligiste ;  8.  hematite,  affording  a  red  powder ;  9.  hematite 
or  hydrate  of  iron,  affording  a  yellow  powder,  of  which  there  are  several  varieties;  10. 
pitchy  iron  ore;  11.  siliceo-calcareous  iron,  or  yeniie ;  12.  sparry  carbonate  of  iron,  and 
the  compact  clay  iron-stone  of  the  coal  formation  ;  13.  phosphate  of  iron  ;  14.  sulphate 
of  iron,  native  copperas ;  15.  chromate  of  iron ;  16.  arseniate  of  iron ;  17.  muriate  of 
iron ;  18.  oxalate  of  iron ;  19.  titanate  of  iron. 

Among  ail  these  different  species,  ten  are  worked  by  the  miner,  either  for  the  sake  of 
the  iron  which  they  contain  ;  for  use  in  their  native  state ;  or  for  extracting  some  prin- 
ciples from  them  advantageous  to  the  arts  and  manufactures ;  such  are  arsenical  iron, 
sulphate  of  iron,  sulphuret  of  iron,  and  chromate  of  iron. 

1.  Native  iron  a.  Pure. — This  species  is  very  rare,  and  its  existence  was  long  matter 
jf  dispute ;  though  it  has  been  undoubtedly  found  not  only  in  volcanic  formations,  but  in 
▼eins  properly  so  called.  It  is  not  entirely  like  our  malleable  iron ;  but  is  whiter,  more 
ductile,  more  permanent  or  less.oxydizable  in  the  air,  and  somewhat  less  dense.  Among 
the  best  attested  examples  of  pure  native  iron  is  that  observed  by  M.  Schreber,  in  the 
mountain  of  Oulle  near  Grenoble.  The  metal  was  entangled  in  a  vein  running  through 
gneiss,  and  appeared  in  ramifying  stalactites,  enveloped  in  fibrous  brown-oxyde  of  iron 
mixed  with  quartz  and  clay. 

B.  The  native  nickelifertmt  or  meteoric  iron  is  very  malleable,  often  cellular,  but  some- 
times compact,  and  in  parallel  plates,  which  pass  into  rhomboids  or  octahedrons.  It  is 
naturally  masnetic,  and  by  its  nickel  is  distinguishable  from  terrestrial  native  iron.  Mae- 
quart,  in  describing  the  famous  mass  found  at  mount  Kemir  in  Siberia,  says  that  the  iron 
is  perfectly  flexible,  and  fit  for  making  small  instruments  at  a  moderate  heat ;  but  in  too 
strong  a  fire,  the  metal  becomes  short,  brittle,  and  falls  into  grains  under  the  hammer. 
Meteoric  iron  is  covered  with  a  sort  of  varnish  which  preserves  its  surface  from  the  rust- 
ing action  of  the  air ;  but  this  preservative  property  does  not  extend  to  the  interior. 
Cliladni  has  given  a  list  of  masses  of  meteoric  iron,  which  have  been  known  to  fall  at 
dififerent  times  from  the  atmosphere,  and  of  many  specim'ens  which  indicate  their  atmos- 
pheric origin,  by  their  aspect  and  composition.  A  portion  of  the  mass  of  meteoric  iron 
found  at  Santa-Rosa  near  Santa-Fe-de-Bogota,  was  made  into  a  sword  and  presented  to 
Bolivar. 

c.  Native  steel-iron. — ^This  substance  has  all  the  characters  of  east-steel ;  it  occurs  in  a 
kind  of  small  button  ingots,  with  a  finely  striated  surface,  and  a  fracture  exceedingly  fine 
grained.  Ii  is  hardly  to  be  touched  by  the  file,  and  will  scarcely  fiatten  under  the  ham- 
mer. M.  Mossier  found  this  native  steel  at  the  village  of  Bouiche,  near  Ner>',  depart- 
ment of  the  Allier,  in  a  spot  where  there  had  existed  a  seam  of  burning  coal.  A  mass 
of  16  pounds  and  6  ounces  of  native  steel  was  discovered  in  that  place,  besides  a  great 
many  small  globules. 

2.  jSrsenical  iron,  Jrsenikkiea,  or  MitpUkely  is  a  tin-white  mineral,  which  emits  a  garlic 
smell  at  the  blowpipe,  or  even  when  sparks  are  struck  from  it  by  steel,  accompanied  with 
a  small  train  of  white  smoke.  It  contains  generally  more  or  less  sulphur,  and  sometimes 
a  little  silver,  associated  with  metallic  arsenic  and  iron. 

3.  Yeliow  sulphuret  of  iron,  eommonly  called  Mareasitey  or  Martial  pyrites.  The 
bronze  or  brass  yellow  color  enables  us  to  recognise  this  mineral.  At  the  blowpipe  it 
gives  off  its  sulphur,  and  is  converted  into  a  globule  attractable  by  the  blowpipe.  It  is  a 
bbulphuret  of  iron  containing  32  of  sulphur  and  28  of  metal. 

Copper  pyrites  may  be  distinguished  from  it  by  its  golden  yellow  color,  which  is  fre- 
quently iridescent,  and  by  its  inferior  hardness ;  for  it  does  not  strike  fire  with  steel,  like 
the  preceding  persulphuret.  There  is  no  vein,  stratum,  or  mass  of  metallic  ore  which 
does  not  contain  some  iron  pyrites ;  and  it  is  often  the  sole  mineral  that  fills  the  veins  in 
quartz.   It  sometimes  contains  gold,  and  at  other  times  silver. 

4.  White  sulphuret  of  iron. — ^This  is  distinguishable  from  the  preceding  species  only 
tff  its  color  and  form  of  crystallization,  and  was  hence  till  lately  eonfounded  with  it  by 
mineralogists.    Its  surface  is  often  radiated. 

6.  Magnetic  sulphuret  of  iron,  the  Magnetkies  of  the  Oermans. — ^This  ore  is  attract- 
sMe  by  the  magnet  like  common  iron.  Its  color  is  reddish-yellow,  passing  into  brown ; 
its  fracture  is  rough.    It  consists  of  16  of  sulphur  and  28  of  iron. 

6.  Black  oxyde  of  iron,  magnet  ore^  or  native  loadstone. — One  variety  of  this  species 
has  two  poles  in  each  specimen,  which  manifest  a  repulsive  action  against  'the  corres- 
ponding poles  of  a  magnetic  needle.  All  the  varieties  furnish  a  black  powder.  Its 
external  color  is  a  gray  approaching  to  that  of  metallic  iron,  bat  somewhat  doller; 
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with  occuioul  iridctcciiee  of  mrftee.  Nriiher  Bitrie  acid  mor  the  Moirpi|»g  ktSMf 
Mtion  upon  it.  Its  ipeeific  gravhy  wies  from  4*24  to  5*4  {  aad  its  constitvms  ut 
71*86  perozyde,  and  28*14  proCoxydey  aeeording  to  Berseliiui  or  in  100  parts,  71-74 
metallic  irun,  and  28*26  of  oiygen.  Asftuming  the  prime  eqoiTaleDt  of  inm  to  be  21^ 
wiUi  the  British  chemists,  then  an  ore  eoosistfaig,  like  the  ahore,  of  two  prime  prapo^ 
tions  of  peroxyde,  and  one  of  protoxyde,  wonld  be  represented  the  nnmber  116  =  81 
4-  36;  and  wonld  consist  in  100  parts,  of  iron  72*4,  oxygen  27-6. 

Magnetic  iron-ore  belongs  to  primitive  rock  formations,  and  oecnrs  ahnndaaOy  is 
Sweden,  Dalecarlia,  Norway,  Siberia,  China,  Siam,  and  the  Philippine  Idet;  hot  it  ii 
rare  in  England  and  Fiance.  It  is  worked  exlensivdy  in  Sweden,  and  famishes  an  a> 
cellent  iron. 

The  titanifcroos  oxyde  of  iron,  or  iron  sand,  is  also  attractable  by  the  magncL  hi 
color  is  a  deep. black,  with  some  metallic  Itutre;  it  is  perfectly  opaque ;  its  fractmtii 
conchoidal  $  it  is  hard  and  difficult  to  grind  nnder  the  pestle  into  a  doll  Uack  povdWi 
which  suins  the  fingers  when  it  is  Tery  fine ;  it  melts  at  a  high  heat  into  a  Uack  cnmNl 
withont  lostre.  All  volcanic  rocks  contain  a  greater  or  less  qnnntlly  of  titanie  iran-SR, 
disseminated  through  them,  which  may  be  recognised  by  its  brilliant  metallie  Inslie^  ni 
its  perfect  conchoidal  fracture. 

7.  Fer  oUgUtt^  irtm-gkmce,  $ptenimr  iroa,  and  nd  iirtm  on.— This  ore  has  tke  eohrtf 
polished  steel ;  and  the  light  transmitted  through  the  thin  edges  of  its  crystala  appeals  dT 
a  beantirnl  red.  Its  powder  is  always  of  a  well  marked  brown-nd  bne,  pasaiag  inN 
cherry-red,  which  distinguishes  it  from  the  black-oxyde  ore.  Its  fraetnrc  is  m^jk^m 
vitreous  in  eertain  varieties;  it  breaks  easily ;  but  it  is  haid  enough  to  scratdi  glass.  IX 
usually  contains  from  60  to  70  of  metallic  iron  in  100  parts ;  the  equivalent  propartiaa 
of  oxygen  in  the  pore  red  oxyde  of  iron  being  30  parts  combined  with  70  of  metaL  b 
is  a  mistake  to  suppose  any  specular  iron  ore  capable  of  yiekling  85  per  cent,  of  iron,  ftr 
100  parts  of  even  protoxyde  of  iron  contaia  only  77*77  parts  of  metal. 

The  compact  variety  comprises  the  crystals  of  the  island  of  Elbn,  and  of  F^amoat  is 
the  Vosges,  which  have  a  rough-grained  IVactare.  It  exists  in  very  great  masses,  coaMi- 
tnling  even  entire  mountains ;  in  the  cavities  aad  fissures  of  these  mantes,  the  hcaatifU 
crystals  so  much  prised  by  collectors  of  mineralt,  oeeur. 

The  tsknd  of  Elba  is  equally  celebrated  fmr  its  inochaustible  abnndnnee  of  rich  specalv 
iron  ore,  and  for  the  immemorial  antiquity  of  its  mining  opemtions.  Fi^.  581  is  a  vertini 


581 

jP 


section  passinir  through  the  three  working?,  called  Pietamonte  (d),  Saniruinaccio  (i), 
Antenna  (k),  through  an  ancient  excavation  a,  through  the  coast  o,  and  the  mole  p,  end- 
ing at  the  canal  of  Piorobino.  The  total  height  of  the  metalliferous  mountain  above  the 
level  of  the  sea,  is  no  more  than  180  metres,  or  600  feet. 

The  rock  which  constitutes  the  body  of  this  little  mountain  d  /,  is  called  Irianchdta  hf 
the  workmen.  It  is  a  white  slaty  talc,  slightly  ochreous,  or  yellowish,  consisting  chiefly 
of  silica  and  alumina,  with  some  magnesia. 

The  ore  of  Antenna  (k)  is  a  very  hard  compact  ftr  oligistty  of  a  brilliant  metallic 
a.spect.  The  workable  bed  has  a  height  of  66  feet,  and  consists  of  metalliferous  blocks 
mixed  confusedly  with  sterile  masses  of  the  rock ;  the  whole  covered  with  a  rocky  detri- 
tus, under  a  brownish  mould.  From  its  metallic  appearance  and  toughness,  this  bed  is 
calif  il  vena  ferratay  the  iron  vein.  In  Pietamonte  the  workable  bed  is  composed  entirely 
of  micaceous  specular  iron  ore  (fcr  oligiste),  with  its  fissures  filled  with  yellow  ochre. 
This  bed  rests  upon  the  rock  called  bianchtita ;  the  brilliant  aspect  of  ore  in  this  place 
has  gained  for  it  the  name  of  vtna  lucciola. 

The  metalliferous  hill  d  /,  extends  to  the  north-east,  about  a  mile  beyond  the  work- 
ings d  e  r.  The  ore  contains  about  65  per  cent,  of  iron,  and  is  smelted  in  Catalss 
forces. 

The  following  description  of  the  figure  will  make  the  structure  of  this  extraordinary 
mine  well  understood,    a,  is  a  great  excavation,  the  result  of  ancient  workings. 

1,  1 ;  2,  2 ;  3, 3,  4,  4,  5,  6,  and  7,  are  roads  for  carrying  off  the  rubbish,  in  correspoad 
once  with  the  several  working  levels. 
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by  by  6,  masses  of  old  rubbish  (deblai$), 

c,  c,  ditto,  from  the  present  workings  d,  e,  f. 

dy  the  rocky  mass  called  bianchetta,  against  which  the  ore  extracted  from  a  abuts. 
€y  the  surface  of  a  bed  of  ore,  near  the  streamlet  g, 
y,  /,  indication  of  beds  of  iron  pyrites  and  Jer  oligiste. 

gy  a  small  rivulet  proceeding  from  the  infiltration  of  rains,  and  which  is  impregnated 
with  acidulous  sulphate  of  iron. 

hy  A,  ravine  which  separates  the  metalliferous  hill  d  I  from  the  barren  hill  t. 

ky  masses  of  slags  from  ancient  smelting  operations;  such  are  very  common  in  this 
island.  None  of  any  consequence  now  exist;  nearly  the  whole  of  the  ore  being  ex- 
ported to  Tuscany,  the  Romagna,  the  Genoese  territories,  Piedmont,  Naples,  and 
Ccursica. 

ly  a  considerable  body  of  rubbish  from  ancient  workings,  towards  the  summit  of  the 
metaUiferous  hill  dy  I. 

fn,  m,  part  of  this  hill  covered  with  rubbish,  the  result  of  old  workings. 
«,  the  site  called  Vigneria. 

Oy  houses  upon  the  shore  called  Marine  de  RiOy  where  the  workpeople  live,  and  the 
mineral  is  kept  in  store. 

Py  wooden  pier  (mole)  whence  the  ore  is  shipped ;  terminated  by  a  small  lower,  q. 

Compact  fer  oligiste  occurs  also  in  the  Vosges,  in  Corsica,  at  Altenberg  and  Freyburg, 
in  Saxony,  Presnitz,  in  Bohemia,  Norberg  and  Bisberg,  in  Sweden,  &c. 

The  varieties  called  specular  fer  oligiste,  and  scaly  fer  oligiste,  or  iron-glance,  do  not 
differ  essentially  from  the  compact.  None  of  them  affects  the  magnetic  needle,  and  their 
powder  is  a  red  of  greater  or  less  vivacity. 

8.  Red  oxyde  of  iron, — ^The  varieties  included  under  this  species  afford  a  red  powder, 
do  not  affect  the  magnetic  needle,  and  are  destitute  of  metallic  lustre.  At  the  blowpipe 
they  all  become  black,  or  deep  brown ;  and  then  they  act  on  the  needle.  The  crystid- 
lized  variety  consists  of  70  iron  and  30  oxyeen  in  100  parts.  The  concretionary  kind, 
or  hematite,  has  a  brown-red  color ;  is  solid,  compact,  and  sometimes  very  hard ;  its 
surface  may  be  filed  and  polished  so  as  to  acquire  a  lustre  almost  metallic ;  its  internal 
stmcture  is  fibrous,  and  it  exhibits  sometimes  m  resemblance  to  splinters  of  wood.  Its 
outer  surface  is  constantly  concretionary,  mammelated,  and  presents  occasionally  sections 
of  a  sphere,  or  cylinders  attached  to  each  other.  This  is  the  blood-stone  of  the  burnisher 
of  metals.  It  is  a  very  common  mineral.  The  ochry  variety  or  red-iron-ochre  is  dis- 
tinguished from  the  solid  hematite  by  the  brightness  of  its  color.  It  is  used  as  a 
pigment. 

9.  Brovm  oxyde  of  iron,  brovm  iron'sione, — ^This  affords  always  a  yellow  powder, 
without  any  shade  of  red,  which  passes  sometimes  into  the  bistre  brown,  or  velvet  blade. 
At  the  blowpipe  this  oxyde  becomes  brown,  and  very  attractable  by  the  magnet;  but  aAer 
calcination  and  cooling,  the  ore  yiekis  a  red  powder,  which  stains  paper  nearly  as  red 
as  hematite  does,  and  which  is  miiill  employeid  in  polishing  metala.  AH  the  yellow  or 
brown  oxydes  contain  a  large  proportion  of  water,  in  chemical  combination ;  and  hence 
this  species  has  been  called  hydrate  of  iron.  There  are  several  varieties  which  assume 
globular,  reniform,  stalactitic,  and  fruticose  shapes.  As  impure  varieties  of  the  species 
we  must  consider  some  of  the  clay-iron  ores,  such  as  the  granular,  the  common,  the  pisi- 
fuim,  and  the  reniform  clay-iron  ore.  According  to  D'Aubuisson,  the  present  specief 
consists  of  peroxyde  of  iron,  from  82  to  84  per  cent. ;  water,  14  to  11 ;  oxyde  of  manga- 
ncse,  2 ;  silica,  1  to  2.  It  is  therefore  a  hydrated  peroxyde  of  iron ;  and  ought  by  theory 
to  eonsist,  in  its  absolute  state,  of  81*63  peroxyde,  and  18*37  water.  It  occurs  both  in 
beds  and  veins.  The  ottites  or  eagle-stones  form  a  particular  variety  of  this  ore.  On 
breaking  the  balls,  so  named,  they  are  observed  to  be  composed  of  concentric  coats,  the 
outside  ones  being  very  hard,  but  the  interior  becoming  progressively  soAer  towards  the 
centre,  which  is  usually  earthy  and  of  a  bright  yellow  color ;  sometimes,  however,  the 
centre  is  quite  empty,  or  contains  only  a  few  drops  of  water.  Ostites  occur  in  abundance, 
oAen  even  in  continuous  beds  in  secondary  mountains,  and  in  certain  argillaceous  strata. 
Th(»e  stones  are  still  considered  by  the  French  shepherds  as  amulets  or  talismans,  and 
may  be  found  in  the  small  bags  which  they  suspend  to  the  necks  of  their  favorite  rams ; 
end  they  are  in  such  general  use,  that  a  large  quantity  is  annually  imported  into  France 
from  the  frontiers  of  Germany,  for  this  superstitious  purpose.  When  smelted,  they  yield 
m  good  iron. 

The  variety  called  granular  brotm  oxyde,  or  bone  ore,  is  merely  a  modification  of 
tlie  preceding.  It  occurs  in  grains  nearly  round,  varying  in  size  from  a  millet  seed  to  a 
pea,  each  being  composed  of  concentric  coats,  hard  outside  and  soA  within.  They  are 
generally  agglutinated  by  a  calcareous  or  argillaceous  paste ;  but  are  occasionally  quite 
loose.  This  ore  occurs  in  calcareous  formations,  and  is  sometimes  accompanied  with 
shells,  such  as  terebratuUe.  The  brittle  quality  of  the  iron  afforded  by  it  has  been 
ascribed  to  the  phosphorus  derived  firom  the  large  quantity  of  organic  bodies,  witk 
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which  the  ore  is  frequently  mixed.  The  bog-iron  ore  and  swamp-iron  ore  belong  to  tkii 
species. 

10.  Pitchy  hydrate  of  iron. — This  is  a  rare  mineral  of  a  resinous  aspect,  foaiid  is  a 
▼ein  in  the  mine  of  Braunsdorf,  two  leagues  from  Freyberg,  and  seems  to  coosist  of  red 
oxyde  of  iron  and  water. 

11.  YeniU  is  a  mineral  species,  rather  rare,  composed  of  red  oxyde  of  iron,  siUca,  aad 
lime. 

12.  Carbonate  of  iron,  sparry  iron,  or  brown-spar. — This  important  species  has  beca 
divided  into  two  varieties;  spathose  iron  and  the  compact  carbonate.  The  first  bas  a 
sparry  and  lamellar  fracture;  with  a  color  varying  from  yellowish-gray  to  Isabella  yel- 
low, or  even  to  brownish-red.  It  turns  brown  without  melting  at  the  blowpipe,  and 
becomes  attractable  by  the  magnet  after  being  slightly  roasted  in  the  flame  of  a  caadle. 
Even  by  a  short  exposure  to  the  air,  after  its  extraction  from  the  mine,  it  also  assumes  Ibe 
same  brown  tint,  but  without  acquiring  the  magnetic  quality.  It  affords  but  a  tlisiit 
efferveseence  with  nitric  acid,  changing  merely  to  a  red-brown  color.  lis  specific  graviij 
varies  from  3*00  to  3*67.  Its  primitive  form  is  like  that  of  carbonate  of  lime,  aa  obtuse 
rhomboid.  Without  changing  this  form,  its  crystals  are  susceptible  of  containing  varia- 
ble quantities  of  carbonate  of  lime,  till  it  passes  wholly  into  this  mineral.  MangaaeK 
and  magnesia  enter  also  occasionally  into  its  composition. 

Sparr>'  carbonate  of  iron  belongs  to  primitive  formations ;  forming  powerful  vein*  in 
mountains  of  gneiss,  and  is  associated  in  these  veins  with  quartz,  copiier  pyrites,  gray 
copper,  fibrous  brown  oxyde  of  iron,  and  a  variety  of  ramose  carbonate  of  lime,  vulgarly 
called  Jloa  ferri.  Thus  it  is  found  at  Allevard  and  Vizille,  near  Grenoble,  at  &iat- 
George  d'Huretiere,  in  the  Alps  of  Savoy ;  at  Baigorry,  in  the  Lower  Pyrenees ;  at  Ki- 
enerz,  in  Styria ;  at  Huttenberg,  in  Carinthia ;  at  Schwartz,  in  the  Tyrol ;  in  Saxooy, 
Hungary,  other  places  in  Germany,  as  also  in  Spain,  Sweden,  Norway,  and  Siberia.  It 
also  occurs,  along  with  galena  and  other  ores  of  lead,  in  the  mines  of  Lead-Hills  and 
Wanlockbead,  in  Scotland ;  and  in  the  mines  of  Cumberland,  Northumberland,  and 
Derbyshire ;  likewise  with  tin-ore,  at  Wheal  Maudlin,  Saint-Just,  and  other  piaos  in 
Cornwall. 

This  ore,  viewed  as  a  metallargic  object,  is  one  of  the  most  interesting  aad  vahiaUe 
that  is  known ;  it  affords  natural  steel  with  the  greatest  facility,  and  accommodates  itadf 
best  to  the  Catalan  smelting  forge.    It  was  owing  in  a  great  measure  to  the  pecoliar 

quality  of  the  iron  which  it  produces,  that  the  excellence  long  remarked  in  the  cutlery 
of  the  Tyrol,  Siyria,  and  Carinthia,  was  due.  It  was  called  by  the  older  mineralogist* 
steel  ore. 

The  carbonate  of  iron  of  the  coal  formation,  is  the  principal  ore  from  which  iron  is 
smelted  in  England  and  Scotland,  and  it  yields  usually  from  30  to  33  per  cent,  of  cist 
metal.  We  are  indebted  to  Dr.  Colquhoun  for  several  elaborate  analyses  of  the  sparry- 
irons  of  the  Glasgow  coal  field ;  ores  which  allbrd  the  best  qualities  of  iron  made  in  that 
district  The  richest  specimen,  out  of  the  nine  which  he  tried,  came  from  the  neighbor- 
hood of  Airdrie;  it  had  a  specific  gravity  of  3  0533,  and  afforded  in  100  parts,  carbooic 
acid,  35-17  ;  protoiyde  of  iron,  53*03  ;  lime,  3-33;  magnesia,  1-77  ;  silica,  1-4;  alomioa, 
0*63 ;  peroxyde  of  iron,  0*23 ;  carbonaceous  or  bituminous  matter,  3-03 ;  moisture  aad 
loss,  1*41.   Its  contents  in  metallic  iron  are  41-25. 

The  compact  carbonate  of  iron  has  no  relation  externally  with  the  sparry  variety.  It 
comprehends  most  of  the  clay-iron  stones,  and  particularly  that  which  occurs  in  flattened 
spheroidal  masses  of  various  size,  among  the  coal  measures.  The  color  of  this  ore  is 
often  a  yellowish-brown,  reddish-gray,  or  a  dirty  brick-red.  Its  fracture  is  close  grained; 
it  is  easily  scratched,  and  gives  a  yellowish-brown  powder.  It  adheres  to  the  ton^, 
has  an  odor  slightly  argillaceous  when  breathed  upon,  makes  no  effervescence  with  any 
acid,  blackens  at  the  blow-pipe  without  melting,  and  becomes  attractable  by  the  magnet 
with  the  slightest  calcination. 

This  ore  affords  from  30  to  40  per  cent,  of  iron  of  excellent  quality ;  aad  it  is  the 
object  of  most  extensive  workings  in  Great  Britain.  It  occurs  in  the  slaty  clay  which 
serves  as  a  roof  or  fioor  to  the  strata  of  coal;  and  also  in  continuous  beds,  from  2  lo  18 
inches  thick,  among  the  coal  measures,  as  in  Stafibrdshire,  Shropshire,  and  Wales.  It  is 
remarkable,  that  the  coal-basin  of  Newcastle  contains  little  clay  iron-stone,  while  t^ 
coal-basin  of  Dudley  is  replete  with  it. 

13.  Phosphate  of  iron, — A  dull  blue  color  is  the  most  remarkable  external  characia 
of  this  species,  which  occurs  in  small  masses  composed  of  aggregated  plates,  sooietiiDes 
in  an  excessively  fine  powder,  or  giving  other  bodies  a  blue  tinge.  It  assumes  at  the 
blowpipe  a  rusty  hue,  and  is  then  reduced  to  a  button  of  a  metallic  aspect.  It  disaolvei 
-completely  in  dilute  nitric  acid,  as  well  as  in  ammonia,  but  it  does  not  oommnnicaie  ill 
color  to  them,  and  oil  turns  it  black ;  characters  whiek  distinguish  it  readily  from  Uoe 
carbonate  of  copper,  whose  color  is  not  altered  by  ammonia.  It  is  of  no  ase  as  a 
smelting  ore. 
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14.  SfUphatt  of  iron,  native  green  vitriol, — This  is  formed  by^he  oxygenatioii  of  sol- 
pkoret  of  iron,  and  is  unimportant  in  a  metallurgic  point  of  view. 

15.  Chromaie  of  iron. — For  the  treatment  aod  use  of  this  ore,  see  Chuomk. 

16.  ^drseniate  of  iron,  Wurfelerz, 

17.  Muriate  of  iron. 

18.  Oxalate  of  iron;  Humboldtite,  found  by  M.  Breithaapt  in  the  lignite  of  KoUw.  It 
eonsisls  of  protoxyde  of  iron,  53*86 ;  oxalic  acid,  46*14 ;  in  100. 

19.  Titanate  of  irmi  consists  of  protoxyde  and  peroxyde  of  iron,  86 ;  titanic  acid,  8 ; 
oxyde  of  manganese,  2;  gangue,  1  ;=  97.   See  Black  Oxyde  of  iron. 

Of  the  assay  of  iron-ores  by  fusion. — In  the  assays  by  the  dry  way,  the  object  is  to  sep- 
armte  exactly  all  the  iron  which  the  ore  may  contain,  with  the  view  of  comparing  the  resolt 
with  the  product  of  smelting  on  the  great  scale.  In  order  to  succeed  in  this  operatioa, 
we  must  deoxydize  the  iron,  and  produce  at  the  same  time  such  a  temperature  as  wiU 
melt  the  metal  and  the  earths  associated  with  it  in  the  ore,  and  obtain  the  former  in  a 
dense  button  at  the  bottom  of  a  crucible,  and  the  latter  in  a  lighter  glass  or  slag,  above  it. 
Sometimes  the  gangue  of  the  ores,  consisting  mostly  of  a  single  earth,  as  quarts,  alumina, 
or  lime,  is  of  itself  very  refractory,  and  hence  some  flux  must  be  added  to  bring  about  the 
fusion.  The  substance  most  commonly  employed  for  this  purpose  is  borax ;  but  ordinary 
flint  glass  may  be  substituted  for  it.  Sometimes,  also,  instead  of  adding  borax,  which 
always  succeeds,  lime  or  clay  may  be  added  to  the  ore,  according  to  the  nature  of  its 
mineralizer ;  that  is,  lime  for  a  clay  iron-stone,  and  clay  for  a  calcareous  carbonate  of 
iron  ;  and  both,  when  the  gangue  is  silicions,  as  occurs  with  the  black  oxyde. 

The  ore,  pulverized  and  passed  through  a  silk  sieve,  is  to  be  well  mixed  with  the  flux, 
and  the  mixture  introduced  into  the  smooth  concavity  made  in  the  centre  of  a  crucible 
lined  with  hard-rammed  damp  charcoal  dust.  Were  the  mixture  diffused  through  the 
charcoal,  the  reduced  iron  would  be  apt  to  remain  scattered  in  little  gk>bules  through 
Uie  crucible,  and  no  metallic  button  would  be  formed  at  its  bottom.  The  mingled  ore  and 
flux  must  be  covered  with  charcoal.  The  crucible  thus  filled  must  be  shut  witb  an  earthen 
lid  luted  on  with  fire-clay ;  and  it  is  then  set  on  its  base,  either  in  an  air  fomace,  or  on 
the  hearth  of  a  forge  urged  with  a  smith's  bellows.  The  heat  should  be  very  slowly  raised, 
not  employing  the  bellows  till  three  quarters  of  an  hour  have  expired.  In  this  way,  the 
water  of  the  damp  charcoal  {brasque)  is  allowed  to  exhale  sk)wly,  and  the  deoxydation  is 
completed  before  the  fusion  begins ;  for  by  acting  otherwise,  the  slags  formed  would  dis- 
solve  some  oxyde  of  iron,  and  the  assay  would  not  indicate  the  whole  of  the  iron  to  be 
obtained  from  the  ore.  At  the  end  of  the  atwve  period,  the  fire  must  be  raised  progrea- 
sively  to  a  white  heat,  at  which  pitch  it  most  be  maintained  for  a  quarter  of  an  hour, 
after  which  the  crucible  should  be  withdrawn.  Whenever  it  has  cooled,  it  is  to  be 
opened,  the  brasque  must  be  carefully  removed  or  put  aside,  and  the  button  of  cast-iron 
taken  out  and  weighed.  The  brasgwB  may  sometimes  contain  a  few  globules,  which  must 
be  collected  by  washing  in  water,  or  the  application  of  a  noagnetic  bar.  The  quantity 
o£  iron  denotes,  of  course,  the  richness  of  the  ore.  These  assays  furnish  always  a  gray 
cast-iron ;  and,  therefore,  the  quality  of  the  products  can  hardly  be  judged  of,  except  by 
an  experiment  on  the  large  scale.  The  temperatuce  necessary  for  the  success  of  an  assay 
is  about  150°  of  Wedgewood. 

In  the  assays  by  the  humid  way,  we  may  expect  to  find  manganese,  silica,  alumina, 
lime,  magnesia,  and  sometimes  carbonic  acid,  associated  with  the  iron.  100  grains  of 
the  ore  in  fine  powder  are  to  be  digested  with  nitro-muriatic-acid ;  which  will  leave  only 
the  silica  with  perhaps  a  very  little  alumina.  If  an  eflfervescence  takes  place  in  the  cold 
with  a  dilute  acid,  the  loss  of  weight  will  indicate  the  amount  of  carbonic  acid  gas  ex- 
pelled. The  muriatic  solution  contains  the  iron,  the  manganese,  the  lime,  magnesia,  and 
most  of  the  alumina,  with  a  liule  silica.  On  evaporating  to  dryness,  and  digesting  in 
water,  all  the  silica  will  remain  in  an  insoluble  state.  If  the  solution  somewhat  acidu- 
lated be  treated  with  oxalate  of  ammonia,  the  lioe  will  fall  down  in  the  form  of  an  ox* 
alate ;  ammonia  will  now  precipitate  the  alumina  and  the  oxyde  of  iron  tosether,  while 
the  manganese  and  magnesia  will  continue  dissolved  in  the  state  of  triple  salts  (ammonia- 
muriates).  The  alumina  may  be  separated  from  the  ferric  oxyde  by  potash-ley.  The 
manganese  may  be  thrown  down  by  hydrosulphuret  of  potash ;  and,  finally,  the  magnesia 
may  be  precipitated  by  carbonate  of  soda.  100  parts  of  the  red  oxyde  of  iron  contaia 
69*34  of  meul,  and  30*66  of  oxygen. 

If  phosphorus  be  present  in  the  ore,  the  nitro>muriattc  solution,  being  rendered  neaity 
neutral,  will  afford  with  muriate  of  lime  a  precipitate  of  phosphate  of  lime,  soluble  in  aa 
excess  of  muriatic  acid. 

When  the  sole  object  is  to  leant  readily  the  per-centage  of  iron,  the  ore  maybe  trealtd 
with  hot  nitro-muriatic,  the  acid  solution  filtered  and  supersaturated  with  ammonia, 
which  will  throw  down  only  the  iron  oxyde  and  alumina  ;  because  the  lime  is  not  pre> 
cipitaUe  by  that  alkali,  nor  it  magaena  and  Muiganete,  whea  m  the  state  of  ammonia- 
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muriates.  The  red  preeifitate,  being  digested  with  some  potash-ley,  will  lose  its  alamioa, 
and  will  leave  the  ferric  oxyde  nearly  pure.  The  presence  of  sulphur,  phosphoruy,  or 
arsenic,  in  iron  ores,  may  always  be  detected  by  the  blowpipe,  or  ustulation  in  the  testf 
muffle,  as  described  under  Furnace. 

0/  the  smelting  of  iron  ores, — We  shall  describe,  in  the  first  place,  the  methods  prac- 
tised in  Great  Britain,  and  shall  aAerwards  consider  those  pursued  in  other  countries,  in 
the  treatment  of  their  peculiar  ores. 

Iron  is  divided  into  three  kinds,  according  to  the  different  metallic  states  in  which  it 
may  be  obtained ;  and  these  are  called  crude  or  cast  iron ;  steel ;  and  bar  or  malleable 
iron.  These  stales  are  determined  essentially  by  the  different  proportions  of  charcoal  or 
carbon  held  in  chemical  combination ;  cast  iron  containing  more  than  steel,  and  steel  mon 
than  malleable  iron  ;  which  last,  indeed,  ought  to  be  the  pure  metal,  a  point  of  perfec- 
tion, however,  rarely  if  ever  attained.  It  is  impossible  to  assign  the  limits  between  Ibese 
three  forms  of  iron,  or  their  relative  proportions  of  carbon,  with  ultimate  precision ;  for 
bar  iron  passes  into  steel  by  insensible  gradations,  and  steel  and  cast  iron  make  such 
mutual  transitions  as  to  render  it  difficult  to  define  where  the  former  commences,  and  the 
latter  ceases,  to  exist.  In  fact,  some  steels  may  be  called  crude  iron,  and  some  cast  iroas 
may  be  reckoned  among  steels. 

Towards  the  conclusion4>f  the  last  century  the  manufacture  of  iron  underwent  n  very 
important  revolution  in  Great  Britain,  by  the  substitution  of  pitcoal  for  charcoal  of 
wood,  the  only  combustible  previously  used  in  smelting  the  ores  of  this  meul.  Tbis 
improvement  served  not  merely  to  diminish  the  cost  of  reduction,  but  it  furnished  a 
soAer  cast  iron,  fit  for  many  new  purposes  in  the  arts.  From  this  era,  iron  works  bafe 
assumed  an  immense  importance  in  our  national  industry,  and  have  given  birth  to  many 
ingenious  and  powerful  machines  for  fashioning  the  metal  into  bars  of  every  form,  wiik 
almost  incredibly  economy  and  expedition. 

The  profusion  of  excellent  coal,  and  its  association  in  many  localities  with  iron-stooe, 
have  procured  hitherto  for  our  country  a  marked  superiority  over  all  others  in  the  iroa 
trade ;  though  now  every  possible  effort  is  teaking  by  foreign  policy  to  rival  or  to  limit 
our  future  operations.  In  1802,  M.  de  Bonnard,  now  divisionary  inspector  in  the  royal 
corps  of  mines  of  France,  and  secretary  of  the  general  council,  made  a  tour  in  England, 
in  order  to  study  our  new  processes  of  manufacturing  iron,  and  published,  on  his  retnn, 
in  the  Journal  des  Mines,  torn.  17,  a  memoir  descriptive  of  them.  Since  the  peace,  many 
French  engineers  and  iron-masters  have  exerted  themselves  in  naturalizing  in  jprance 
this  species  of  industry ;  and  M.  de  Gallois,  in  particular,  after  a  long  residence  in  Gr^al 
Britain,  where  he  was  admitted  to  see  deliberately  and  minutely  every  department  of  the 
iron  trade,  returned  with  ample  details,  and  erected  at  Saint-Etienne  a  large  establish- 
ment entirely  on  the  English  model.  More  recently,  MM.  Dufrenoy  and  Elie  de  Beau- 
mont, and  MM.  Cosle  and  Perdonnet,  have  published  two  very  copious  accounts  of  their 
respective  metallurgic  tours  in  Great  Britain,  illustrated  with  plans  and  sections  of  our 
furnaces,  for  the  instruction  of  the  French  nation. 

The  argillaceous  carbonate  of  iron,  or  clay  iron-stone  of  the  coal  measures,  is  the  chief 
ore  smelted  in  England.  Some  red  hematite  is  used  as  an  auxiliary  in  certain  works  in 
Cumberland  and  Lancashire ;  but  nowhere  is  the  iron-sand,  or  other  ferruginous  matters 
of  the  secondary  strata,  employed  at  present  for  procuring  the  metal. 

Amon?  the  numerous  coal-basins  of  England  there  are  two,  in  particular,  which  fnr- 
nish  more  than  three  fourths  of  the  whole  cast  iron  produced  in  the  kingdom;  namely, 
the  coal  field  of  Dudley,  in  the  south  of  Staffordshire;  and  the  coal  fields  of  Monmouth- 
shire, in  South  Wales,  along  with  those  of  Gloucestershire  and  Somersetshire. 

Dudley  is  peculiarly  favored  by  nature.  There  are  found  associated  the  coal,  the 
iron  ore,  the  limestone  for  flux,  and  the  refractory  fire-clay  for  constructing  the  interior 
brick-work  of  the  furnaces.  This  famous  clay  is  mined  at  Stourbridge,  and  exported 
to  every  part  of  the  kingdom  for  making  cast  steel  crucibles  and  glass-house  melting 
pots. 

At  Merthyr-Tydvil,  the  centre  of  the  iron-works  of  Wales,  the  iron-stone  is  extremely 
plentiful,  forming  16  beds,  or  rather  constituting  an  integrant  portion  of  16  beds  of 
slate-clay.  Sometimes  it  occurs  in  pretty  long  tables  adjoinins:  each  other,  so  as  to 
resemble  a  continuous  stratum ;  but  more  frequently  it  forms  nodules  of  various  size  and 
abundance,  placed  in  planes  both  above  and  below  the  coal  seam.  Eight  varieties  of 
ore,  belonging  to  different  beds,  have  been  distinguished  by  the  following  barbarous 
names :  black  balls,  black  pins,  six-inch-wide  vein,  six-inch  jack,  blue  vein,  blue  pios, 
gray  pins,  seven  pins.  The  bed  containing  the  first  quality  of  iron-stone  is  analosoos 
to  the  black  ore  of  Staffordshire,  called  gubbin ;  it  is  often  cleft  within  like  septariUf  dad 
its  cavities  are  sometimes  besprinkled  with  crystals  of  carbonate  of  lime  or  quartz.  In 
the  superior  beds  there  are  nodules  decomposing  into  concentric  coats,  of  which  the 
middle  is  clay.   Crystals  of  oxyde  of  titanium  are  occasionally  foaod  in  the  middle  of 
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the  balls  of  day  iron-stone;  to  which  the  metallic  titanium  observed  in  the  inside  of  the 
dome  of  blast  fumaces,  may  be  traced.  Both  at  Dudley  and  South  Wales,  casts  of  shells, 
bdonging  to  the  genus  unto,  are  observed  on  the  iron-stone. 

The  average  richness  of  the  iron-stones  of  South  Wales  is  somewhat  greater  than  that  of 
those  of  StafTordshire.  The  former  is  estimated  at  33  parts  of  cast  iron,  while  the  latter 
rarely  exceeds  30  parts  in  100  of  ore  ;  and  this  richness,  joined  to  the  superior  quality  or 
cheapness  of  the  coals,  and  the  proximity  of  the  sea,  gives  South  Wales  a  decided  ad  van- 
tage  as  a  manufacturing  district. 

The  number  of  blast  furnaces  in  the  parish  of  Merthyr-Tydvil  amounts  to  upwards  of 
30.  The  cast  iron  produced  is,  however,  seldom  brought  into  the  market,  but  is  almost 
entirely  converted  into  bar  iron,  of  which,  at  Mr.  Crawfhay's  works,  600  tons  are  manu- 
factured in  a  week.  Numerous  iron  railways,  extending  through  a  length  of  220  miles, 
facilitate  the  transport  of  the  materials  and  the  exportation  of  the  products.  That  con- 
currence of  favorable  circumstances,  which  we  have  noticed  as  occurring  at  Dudley,  pre- 
vails in  an  equal  degree  in  South  Wales.  * 

The  same  economy  which  the  use  of  coal  has  introduced  into  the  smelting  of  cast  iron 
from  the  ore,  also  extends  to  its  refinery  into  bars.  And  this  process  would  supersede  in 
every  iron  work  the  use  of  wood  charcoal,  were  not  the  iron  produced  by  the  latter  com- 
bustible better  for  many  purposes,  particularly  the  manufacture  of  steel.  In  some  English 
smelting  works,  indeed,  where  sheet  iron  is  prepared  for  making  tin  plate,  a  mixed  refining 
process  is  employed,  where  the  cast  iron  is  made  into  bar  iron  by  wood  charcoal,  and 
laminated  by  the  aid  of  a  coal  fire. 

Till  1740,  the  smelting  of  iron  ores  in  Kn^land  was  executed  entirely  with  wood  char- 
coal; and  the  ores  employed  were  principally  brown  and  red  hematites.  Earthy  iron  ores 
were  also  smelted ;  but  it  does  not  appear  that  the  clay  iron-stones  of  the  coal-basins 
were  then  used,  though  they  constitute  almost  the  sole  smelting  material  at  the  present 
day.  At  that  era,  there  were  59  blast  furnaces,  whose  annual  product  was  17,350  tons 
of  cast  iron  ;  that  is,  for  each  furnace,  294  tons  per  annum,  and  5|  tons  per  week.  By 
the  year  178S,  several  attempts  had  been  made  to  reduce  iron  ore  with  coked  coal ;  and 
there  remained  only  24  charcoal  blast  furnaces,  which  produced  altogether  13,000  tons 
of  cast  iron  in  the  year;  being  at  the  rate  of  546  tons  for  each  per  annum,  or  nearly  11 
tons  per  week.  This  remarkable  increase  of  1 1  tons  for  5|,  was  due  chiefly  to  the  sub- 
stitution of  cylinder  blowing  machines  worked  with  pistons,  for  the  common  wooden 
bellows.  Already  53  blast  furnaces  fired  with  coke  were  in  activity ;  which  furnished  in 
ioto  43,800  tons  of  iron  in  a  year ;  which  raises  the  annual  product  of  each  furnace  to 
907  tons,  and  the  weekly  product  to  about  17|  tons.   The  quantity  of  cast  iron  produced 

that  year  (1788)  by  means  of  coal,  was   48,800  tons, 

and  that  by  wood  charcoal,  was       ......  13,100 

Constituting  a  total  quantity  of   61,900  tons. 

In  1796,  the  wood  charcoal  process  was  almost  entirely  given  up ;  when  the  returns  of 
the  iron  trade  made  by  desire  of  Mr.  Pitt,  for  establishing  taxes  on  the  manufacture, 
afforded  the  following  results : — 

121  blast  furnaces,  furnishine  in  whole  per  annum  124,879  tons,  constituting  an  average 
4unount  for  each  furnace  of  1032  toas. 

In  1802,  Great  Britain  possessed  168  blast  fumaces,  yielding  a  product  of  about  170,000 
Cont;  and  this  product  amounted,  in  1806,  to  250,000  tons,  derived  from  227  coke  Air- 
naees,  of  which  only  159  were  in  activity  at  once.   These  blast  furnaces  were  distributed 


at  follows. 

In  the  principality  of  Wales  52 

In  Staffordshire  42 

In  Shropshire     ----  .42 

In  Derbyshire  17 

In  Yorkshire  28 

In  the  counties  of  Gloucester,  Monmouth,  Leicester,  Lancaster,  Cumber- 
land, and  Northumberland  -18 

In  Scotland  28 

227 

In  1820,  the  iron  trade  had  risen  to  the  amount  shown  in  the  following  table : — 

Tons. 

Wales  manufactured,  per  annum  -   150,000 

Shropshire  and  Staffordshire   180,000 

Yorkshire  and  Derbyshire   50,000 

Scotland,  with  some  places  in  England   20,000 


Total 


400000 
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In  a  statistical  Tiew  given  by  M.  de  Yillefosse,  of  the  Frencli  and  English  iron  woib 
he  assigns  to  the  latter,  in  182i5,  305  blast  fomaces,  distributed  as  follows : — 

In  the  principality  of  Wales  ---87, 

InlStaffordsbire  ...78 

In  Shropshire,  Derbyshire,  Yorkshire,  fce.   ......  84 

In  Scotland        -      -.-  .-..---66 

305 

Out  of  these,  280  were  in  activity  at  the  same  time;  and  if  we  suppose  their  man 
product  to  have  been  60  tons  a  week,  the  total  product  would  have  been,  in  1826,  728,000 
tons.  But  this  estimate  seems  to  be  somewhat  above  the  truth ;  for,  from  the  lufonnatioo 
communicated  by  Mr.  Philip  Taylor  to  M.  Achille  Chaper,  a  considerable  French  tros- 
master,  who,  in  the  summer  of  1826,  inspected  two  thirds  of  the  blast  furnaces  of  Gretl 
Britain,  their  product  during  this  year  was  about  600,000  tons. 

The  preceding  details  show  the  successive  increments  which  the  manufacture  of  esst 
iron  has  received ;  and  a  similar  progression  has  taken  place  in  its  refinery  into  wrMshi 
iron.  This  operation  was  formerly  effected  by  the  agency  of  wood  charcoal  in  refiseries 
analogous  to  those  still  made  use  of  in  France.  But  when  that  kind  of  fuel  began  to  be 
scarce  in  this  island,  if  came  to  be  mixed  with  coke  in  various  proportions.  The  bar  iros 
thus  produced  was  usually  hard,  and  required  much  time  to  convert,  so  that  an  establish- 
ment which  could  produce  20  tons  of  bar  iron  in  a  week,  was  deemed  considerable.  At 
that  time,  England  imported  annually  from  Sweden  and  Russia  the  enormous  quantity  of 
70,000  tons  of  iron. 

Mr.  Cort,  to  whom  Great  Britain  is  indebted  for  the  methods  now  pursued  in  this 
country,  succeeded  about  that  time,  aAer  many  unsuccessful  experiments,  in  eonvertins 
cast  iron  into  bar  iron,  by  exposing  it  on  the  hearth  of  a  reverberatory  furnace  to  the  flame 
of  pitcoal.  This  method,  which  possessed  the  advantage  of  employing  this  species  of  con- 
bustible  alone,  likewise  simplified  the  treatment,  because  it  required  no  blast  appantes. 
But  this  mode  of  refinery,  consisting  in  the  use  of  a  reverberatory  furnace  alone,  did  sdt 
produce  altogether  the  desired  result.  It  was  irregular;  sometimes  the  loss  of  iron  wis 
small,  but  at  others  it  was  very  considerable ;  and  there  were  great  variations  in  the 
quality  of  the  iron,  as  well  as  in  the  quantity  of  fuel  consumed.  Mr.  Cort  succeeded  is 
removing  this  uncertainty  of  result,  by  causing  the  puddling  in  the  reverberatory  fomire 
to  be  preceded  by  a  kind  of  refinery  with  coke.  The  intent  of  this  operation  was  to  de- 
carburatethe  iron,  and  to  prepare  it  for  becomin?  malleable.  The  metal  took  in  that  ease 
the  name  of  finery  metal,  called,  for  the  sake  of  brevity,  fine-metal. 

He  also  substituted  the  drawing  cylinders  for  the  extension  under  the  hammer,  an  im- 
provement which  accelerated  greatly  the  manufacture  of  bar  iron.  The  iron  then  yielded 
by  the  operation  of  puddling  wa^  of  a  very  inferior  quality,  and  could  not  be  directly  em- 
ployed in  the  arts.  In  order  to  give  it  more  consistence,  it  was  subjected  to  a  second  heatin? 
in  a  reverberator)'^  furnace ;  and  whenever  this  method  had  arrived  at  a  high  enough  de- 
gree of  perfection  to  afford  products  fit  for  the  market,  it  became  exclusively  employed  io 
Great  Britain.  This  new  method  of  transforming  cast  iron  into  malleable  iron  speedily 
gained  such  an  extension,  that  of  late  years,  a  single  iron-work,  Cyfartha  in  Wales,  man- 
ufactured annually  more  than  twice  as  much  as  wa^  made  annually  from  1740  to  1750, 
in  the  whole  kingdom. 

In  surveying  the  improvements  which  the  iron  manufacture  has  received  in  England  is 
the  space  of  the  last  60  years,  they  are  seen  to  be  resolvable  into  two ;  the  first  set  re- 
lating to  the  smelling  of  flie  ores;  the  other,  to  the  conversion  of  the  pigs  into  bariros; 
hence  naturally  arise  two  heads  under  which  the  subject  of  iron  must  be  treated. 

1.  Manufacture  of  cast-iron  by  coke  and  coal. — The  cast-iron  produced  by  the  English 
and  Scotch  blast  furnaces  is  in  general  black  and  very  soft ;  but  yet  may  be  distinguished 
into  several  qualities,  of  which  three  are  particularly  noticed. 

No.  1.  Very  black  cat^iron,  in  large  rounded  grains,  obtained  commonly  near  the  com- 
mencement of  the  casting,  when  an  excess  of  carbon  is  present;  in  flowing,  it  appears 
pasty,  and  throws  out  blue  scintillations.  It  exhibits  a  surface  where  crystalline  vegeta- 
tions develop  themselves  rapidly  in  very  fine  branches;  it  congeals  or  fixes  very  slowly; 
its  surface  when  cold  is  smooth,  concave,  and  ofien  charged  with  plumbago  ;  it  has  bat  i 
moderate  tenacity,  is  tender  under  the  file,  and  susceptible  of  a  dull  polish.  When  Dclted 
over  again,  it  passes  into  No.  2,  and  forms  the  best  castings. 

No.  2.  Black  cast-iron  has  a  somewhat  lighter  shade  than  the  preceding,  and  may 
therefore  on  comparison  be  called  blackish-gray.  It  presents  less  large  granulations  than 
No.  1 ;  is  tenacious,  easily  turned,  filed,  and  polished;  excellent  for  casting  when  it  ap- 
proaches to  No.  1,  and  for  the  manufacture  of  bar  iron  when  it  has  on  the  coatrarya 
shade  somewhat  lighter.   If  repeatedly  melted,  it  passes  into  the  next  quality,  or 

No.  3.  White  cast  iron ;  this  is  brittle,  and  indicates  always  some  derangement  ia  the 
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worl[ingof  the  faroace;  it  flows  imperfectly,  and  darts  oat,  in  casiing,  abundance  of 
brilliant  white  scintillations;  it  fixes  very  quickly;  and  on  cooling,  exhibits  on  its  surfkce 
irregular  asperities,  which  make  it  extremely  rough.  It  is  easily  broken,  and  presents  a 
lamellar  and  radiated  fracture ;  and  is  so  bard  that  tempered  steel  cannot  act  upon  it. 
It  is  cast  only  into  weights,  bullets,  or  bombs,  but  never  into  pieces  of  machinery.  When 
exposed  to  the  refinery  piocesses,  it  affords  a  bad  bar  iron.  It  is  owing  probably  to  the 
difierent  nature  of  the  cast  iron  obtained  in  different  counties  in  England,  that  Stafibrd- 
shire  and  Shropshire  furnish  the  greater  part  of  the  great  iron  castings,  while  Wales 
manufactures  almost  exclusively  malleable  iron.  The  lower  price  of  coals  in  Wales 
is  perhaps  the  cause  to  a  certain  extent  of  this  difference  in  the  results  of  these  two  iron 
districts.  It  will  be  interesting,  at  any  rate,  to  describe  separately  the  processes  employed 
in  Staffordshire  and  Wales. 

The  blast  furnaces  of  Staffordshire,  in  the  neighborhood  of  Dudley,  Bilslon,  and 
Wednesbury,  are  constructed  almost  wholly  of  bricks.  Their  outer  form  is  frequently 
a  cone,  often  also  a  pyramid  with  a  square  base.  They  are  bound  about  with  a  great 
many  iron  hoops,  or  with  iron  bars  placed  at  different  heights.  This  powerful  armor 
allows  the  furnaces  to  be  built  much  less  massively  than  they  formerly  were;  and  admits 
lighter  and  more  elegant  external  forms.  They  are  seldom  insulated ;  but  are  usually 
associated  to  the  number  of  two  or  three  in  the  same  line.  A  narrow  passage  is  left 
between  them,  whith  leads  to  the  lateral  openings  where  the  tuyeres  are  placed.   At  the 


lightness  of  construction.  The  cast  iron  columns  likewise,  which  support  the  joists  and 
girders,  give  additional  elegance. 

In  the  Dudley  field,  the  furnaces  are  almost  always  in  the  middle  of  the  plain,  and  an 
inclined  rail-way  must  be  formed  to  reach  their  platform.  These  inclined  planes,  com- 
posed of  beams  or  rails  placed  alongside  of  each  other,  and  sustained  by  props  and  cross- 
bars, as  indicated  in  fig.  582,  are  set  up  mostly  against  the  posterior  face  of  the  furnace. 
Two  chains  or  ropes,  passing  over  the  drums  of  gins,  moved  by  a  steam  engine  (commonly 
the  same  that  drives  the  bellows),  draw  up  the  wagons  of  wood  or  sheet  iron  a  a,  which 
contain  the  various  materials  for  supplying  the  furnace.  Tt*  facilitate  this  service,  the 
platform  ronnd  the  furnace  is  sometimes  enlarged  behind  by  a  floor;  while  a  balustrade, 
which  opens  when  the  wagons  arrive  at  the  platform,  prevents  accidents.  This  pro- 
jection is  occasionally  covered  by  a  roof.  For  a  furnace  of  the  largest  size,  the  force  ex- 
pended by  this  lifting  apparatus  is  not  more  than  a  two-horse  power. 

Fig.  582  is  a  vertical  section  through  the  furnace  from  front  to  rear,  or  at  right  angles 
to  the  line  of  the  lateral  tuydres.  The  erection  of  a  pair  of  blast  furnaces,  of  40  feet 
high  each,  costs,  in  the  Dudley  district,  1800  pounds  sterling ;  and  reqnires  for  building 
each,  160,000  common  bricks  for  the  outside  work,  3900  fire-bricks  for  the  lining  or  shirt 
of  the  furnace,  and  825  for  the  boshes.  The  dimensions  of  the  fire-bricks  are  various;  5 
kinds  are  employed  for  the  lining,  and  9  kinds  for  the  boshes.  They  are  all  6  inches 
thick,  and  are  curved  to  suit  the  voussoirt. 

The  number  of  charges  given  in  12  hours  is  diflferent  in  different  furnaces;  being 
sometimes  20,  25,  and  even  so  high  as  40;  bat  ^0  is  a  fair  average.   Each  charge  is 
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composed  of  from  5  to  6  cwts.  of  coke,  (or  now  of  3  to  4  cwts.  of  coal  with  the  hot  bhut) ; 
3,  4,  and  sometimes  6  cwts.  of  the  roasted  mine,  according  to  its  richness  and  the  quality 
of  cast  iron  wanted;  the  limestone  flnxis  usually  one  third  of  the  weight  of  the  roasted 
iron  stone.  There  are  2  casts  in  24  hours ;  one  at  6  in  the  morning,  and  another  at  6  in 
the  evening. 

The  height  of  the  blast  furnaces  is  very  variable;  some  being  only  36  feet  high 
including  the  chimney,  while  others  have  an  elevation  of  60  feel.  These  extreme  limits 
are  very  rare :  so  that  the  greater  part  of  the  furnaces  are  from  45  to  50  feet  high. 
They  are  all  terminated  by  a  cylindrical  chimney  of  from  8  to  12  feet  long;  being  aboni 
one  fiAh  of  (he  total  height  of  the  furnace.  The  inside  diameter  of  this  chimney  is  ibe 
same  as  that  of  the  throat  or  mouth ;  and  varies  from  4  to  6  feet.  The  chimney  is  fre- 
quently formed  of  a  single  course  of  bricks,  and  acquires  solidity  from  its  hoops  of  iroa, 
so  thickly  placed  that  one  half  of  the  surface  is  ofleu  covered  with  them.  At  its  lower 
end,  the  mouth  presents  one  or  two  rectangular  openings,  through  which  the  charge  is 
given.  It  is  built  on  a  basement  circle  of  cast-iron,  which  forms  Uie  circumference  of  tlie 
throat ;  and  a  sloping  plate  of  cast-iron  6  is  so  placed  as  to  make  the  materials  slide  orer 
into  the  furnace,  as  shown  in  the  figure. 

The  inside  of  the  blast  furnaces  of  Staffordshire  is  most  frequently  of  a  circular  funs, 
except  the  hearth  and  working  area.  The  inner  space  is  divided  into  fuur  portions,  diflerest 
in  their  forms,  and  the  functions  which  they  fulfil  in  the  smelting  of  the  ore. 

The  undermost,  called  the  hearth,  or  crucible,  in  which  the  cast-iron  collects,  is  a  rigbt 
rectangular  prism,  elongated  in  a  line  prependicular  to  the  axes  of  the  tuyeres.  The 
sides  of  the  hearth  consist  in  general  of  refractory  sandstone  (fire-stone),  obtained  mostly 
from  the  bed  of  the  coal  basin,  called  milUtone  grit ;  and  the  bottom  of  the  hearth  is  ibno- 
ed  of  a  large  block  of  the  same  nature,  laid  on  a  cast-iron  plate. 

The  second  portion  is  also  made  of  the  same  refractory  grit  stone.  It  has  the  form  of 
a  quadrangular  pyramidal,  approaching  considerably  to  a  prism,  from  the  smalhiess  of  the 
angle  included  between  the  sides  and  the  axis. 

The  third  portion  or  lower  body  of  the  furnace  is  conical,  but  here  the  interior  space 
suddenly  expands ;  the  slope  outwards  at  this  part  seems  to  have  a  great  influence  oa 
the  quality  of  the  cast-iron  obtained  from  the  furnace.  When  No.  2  of  the  blackest  kiml 
is  wanted  for  castings,  the  inclination  of  this  cavity  of  the  furnace  is  in  general  less 
considerable  than  when  No.  2  cast  iron  for  conversion  into  bar  iron  is  required.  The 
inclination  of  this  conical  chamber,  caUed  the  boshes,  varies  from  55  to  60  degrees  with  tke 
horizon.  The  diameter  of  this  part  is  equal  to  that  of  the  belly,  and  is  from  11  to  13  feeL 
The  boshes  are  built  of  masonry,  as  shown  in  /igs.  583,  584. 


The  fourth  part,  which  constitutes  about  two  thirds  of  the  height  of  the  furnace  from 
the  base  of  the  hearth  up  to  the  throat,  presents  the  figure  of  a  surface  of  revolution, 
generated  by  a  curve  whose  concavity  is  turned  towards  the  axis  of  the  furnace,  and 
whose  last  tangent  towards  the  bottom  is  almost  vertical.  This  surface  is  sloped  off  with 
that  of  the  boshes  (etalages  in  French),  so  that  no  sharp  angle  may  exist  at  the  belly. 
In  some  furnaces  of  considerable  dimensions,  as  in  that  with  three  tuyeres^this  portioaof 
the  furnace  is  cylindrical  for  a  certain  height.  * 
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e  following  measurements  represent  the  interior  stmctore  of  two  well-going 
ces. 


No.  1. 

No.  3. 

Fft. 

Fft. 

srht  from  the  hearth  to  the  throat  or  month 

45 

49 

ght  of  the  cmcible  or  hearth  ... 

6i 

6 

-    of  the  boshes  ..... 

8 

7 

-    of  the  cone      -         -         -  - 

301 

36 

-    of  the  chimney  or  month  .... 

8 

12! 

Ith  of  the  bottom  of  the  hearth  ... 

2i 

2 

to  at  its  upper  end  ..... 

3 

2f 

to  of  the  boshes  ..... 

12f 

13* 

:o  at  one  third  of  the  belly  .... 

12 

Hi 

to  at  two  thirds  of  ditto  .... 

8f 

:o  at  the  mouth  ..... 

4J 

§ 

lination  of  the  boshes  .... 

59» 

e  conical  orifice  called  the  tuyere,  in  which  the  tapered  pipes  are  placed,  for  impart- 
tie  blast,  is  seen  near  the  bottom  of  the  furnace,  ySg.  583,  at  a.  Nose  tubes  of  va- 
sizes,  from  2  to  4  inches  in  diameter,  are  applied  to  the  extremity  of  the  main 
•pipe.  Under  a  is  the  bottom  of  the  hearih,  which,  in  large  furnaces,  may  be  two 
iquare.  b  is  the  top  of  the  hearth,  about  two  feet  six  inches  square,  a  b  is  the 
it  of  the  hearth,  about  six  feet  six  inches,  b  shows  the  round  bottom  of  the  conical 
nnel  part,  called  in  this  country  the  hoshtsy  standing  upon  the  square  area  of  the 
h.  c  is  the  top  of  the  boshes,  which  may  be  about  12  feet  in  diameter,  and  8  feet 
rpendicular  height,  d  is  the  furnace  top  or  mouth  {gueulard  in  French),  at  which 
wteriaU  are  charged.  It  may  be  4*  feet  in  diameter.  The  line  between  c,  d,  is  the 
It  of  the  internal  cavity  of  the  furnace,  from  the  top  of  the  boshes  upwards,  sup- 
1  to  be  30  feet.  A,  d,  is  the  total  height  of  the  interior  of  the  furnace,  reckoned  at 
*eet.  E  E  is  the  lining,  which  is  built  in  the  nicest  manner  with  the  best  fire-  bricks, 
12  to  14  inches  long,  3  inches  thick,  and  curved  to  suit  the  circle  of  the  cone.  A 
icy  of  3  inches  wide  is  left  all  round  the  outside  of  the  first  lining  by  the  builder; 
li  is  sometimes  filled  wiih  coke  dust,  but  more  generally  with  sand  firmly  rammed, 
void  space  in  the  brick -work  is  for  the  purpose  of  allowing  for  any  expansion  which 
t  occur,  either  by  an  increase  in  the  bulk  of  the  building,  or  by  the  pressure  and 
ht  of  the  materials  when  descending  to  the  bottom  of  the  furnace.  Exterior  to  e  s 
«cond  lining  of  £re-bricks  similar  to  the  first.  At  f,  on  either  side,  is  a  cast-iron 
,  8*  feet  long,  by  10  inches  square,  upon  which  the  bottom  of  the  arches  is  sup- 
d.  F,  G,  is  the  rise  of  the  tuyere  arch,  which  may  be  14  feet  high  upon  the  outside, 
18  feet  wide.  The  extreme  size  of  the  bottom  or  sole  of  the  hearth,  upon  each 
of  A,  may  be  10  feet  square.  This  part  and  the  boshing  stones  are  preferably  made 
a  coarse  sandstone  grit,  containing  large  rounded  grains  of  quartz,  nnited  by  a  sill- 
xgillaceous  cement. 

ke  bottom  of  the^  hearth  consists,  first,  of  a  course  of  the  said  gritstone ;  beneath 

\ which  is  a  layer  of  bedding  sand,  having,  in  its  under 
part,  passages  for  the  escape  of  the  vapors  generated 
I               /      by  damps ;  the  whole  being  supported  upon  pillars  of 
/  brick. 
*             /  Fig,  584  represents  the  hearth  and  boshes,  in  a 
/        I  vertical  side  section,   a  is  the  tymp  stone,  and  b  the 
y   tymp  plate  for  confining  the  liquid  metal  in  the  hearth. 

/  The  latter  is  wedged  firmly  into  the  side-walls  of  the 

-  hearth ;  c  is  the  dam-stone,  which  occupies  the  whole 
breadth  at  the  bottom  of  the  hearth,  excepting  about  6 
inches,  which  space,  when  the  furnace  is  at  work,  is 
filled,  before  every  cast,  with  a  strong  binding  sand. 
This  stone  is  faced  outside  by  a  cast-iron  plate  called 
the  dam-plate,  of  considerable  thickness,  and  peculiar 

ES;  1^ — t    I  shape.   The  top  of  the  dam-stone,  or  rather  the  notch 

^        T  J     of  the  dam-plate,  lies  from  4  to  8  inches  under  the 

of  the  tuyere  bole.  The  space  under  the  tymp  plate,  for  5  or  6  inches  down,  is 
led  full,  for  every  cast,  with  strong  loamy  earth,  or  even  fine  clay ;  a  process  called 
tymp  stopping.  The  area  of  the  base  of  this  furnace  being  38  feet,  its  extreme 
It  is  55  feet. 

le  blast  furnaces  of  Staffordshire  have  always  two  tuyeres,  at  least,  placed  on  oppo- 
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site  sides,  but  so  iK)inted  that  the  blast  may  not  pmae  directly  opposite  lines.  In  a  fomee 
acting  well  in  the  neighborhood  of  Dadley,  the  one  of  the  tuyeres  was  10  inches  distant 
from  the  posterior  wall  of  the  hearth,  and  the  other  only  four  inches.  In  other  foraaees 
with  3  tuyeres,  the  side  ones  are  placed,  the  one  16|  inches,  and  the  other  6|  iocbei 
from  the  back.  Three  tuydres  are  seldom  made  to  blow  simaltaneously.  The  third  ii 
brought  into  action  only  when  the  furnace  seems  to  be  choked  up,  and  whea  it 
becomes  necessary  to  clear  it  up  by  a  powerful  concussion.  Too  much  pains  cannot  be 
bestowed  on  the  masonry  and  brickwork  of  a  blast  furnace,  and  on  the  solklity  of  iti 
foundation.  In  a  soA  ground  it  should  rest  on  piles,  so  driven  that  the  channel  left 
beneath  for  the  drainage  of  the  building  may  be  above  any  water  level.  Small  passages 
should  likewise  be  left  throughout  the  body  of  the  work,  for  the  transpiration  of  moistore. 

The  blowing  machines  employed  in  Staffordshire  are  generally  cast-iron  cylinders,  in 
which  a  metallic  piston  is  exactly  fitted  as  for  a.  steam  engine,  and  made  in  the  same 
way.  Towards  the  top  and  bottom  of  the  blowing  cylinders  orifices  are  left  eoTertd 
with  valves,  which  open  inside  when  the  vacuum  is  made  with  the  cylinders,  and  aAer> 
wards  shut  by  their  own  weight.  Adjutages  conduct  into  the  iron  globe  or  chest,  the  air 
expelled  by  the  piston,  both  in  its  ascent  and  descent ;  because  these  blowing  machines 
have  always  a  double  stroke. 

The  pressure  of  the  air  is  made  to  vary  through  a  very  considerable  range,  according 
to  the  nature  of  the  fuel  and  season  of  the  year ;  for  as  in  summer  the  atmosphere  a 
more  rarefied,  it  must  be  expelled  with  a  compensating  force.  The  limits  are  from  1) 
pounds  to  3^  pounds  on  the  inch;  but  these  numbers  represent  extreme  pioportions, the 
average  amount  in  Staffordshire  being  3  pounds.  With  this  pressure  a  furnace  asaaOj 
works,  which  affords  60  tons  of  cast-iron  in  the  week ;  and  the  pressure  may  be  2|  pooads 
on  an  average.  The  orifices,  or  nose-pipes,  through  which  the  air  issues,  also  vary  with 
the  nature  of  the  coke  and  the  ore.  In  Staffordshire  they  are  generally  from  2  inches  aad 
5  tenths  to  2  inches  and  8  tenths  in  diameter. 

The  blowing  machines  of  Staffordshire  are  always  impelled  by  steam  engines.  At  BIr. 
Bagnall's  works,  two  blast  furnaces,  40  feet  high,  exclusive  of  the  chimney  or  top,  and 
two  finery  furnaces,  are  worked  by  a  steam  engine  of  40  horses  power ;  aad  thenelbrc 
the  power  of  one  horse  corresponds  to  the  production  of  2)  tons  of  cast  iron  per  week, 
independently  of  the  finery. 

In  Souih  Wales,  especially  at  Pontypool,  there  are  slighter  blast  furnaces,  whose  apper 
portion  is  composed  of  a  single  range  of  bricks,  each  cf  which  is  20  inches  long,  4  thick, 
and  9  broad.  The  interior  of  the  chimney  represents  an  inverted  cone.  These  furnaces 
derive  solidity,  and  power  to  resist  the  expansions  and  contractions  from  change  of  tem- 
perature, by  being  cased,  as  it  were,  in  horizontal  hoops,  placed  3  feet,  or,  even  in  some 
cases,  only  6  inches  asunder.  These  flat  rings  consist  of  four  pieces,  which  are  joined 
by  means  of  vertical  bars,  that  carry  a  species  of  ears  or  rings,  into  which  the  hoops  enter, 
and  are  retained  by  bolls  or  keys.  Instead  of  these  ears,  screw  nuts  are  also  employed 
for  the  junction.  Each  hoop  is  alternately  connected  to  each  of  the  eight  verticil  bar*. 
The  interior  of  these  furnaces  is  the  same  as  of  the  others;  being  generally  frcm  12 lo 
14  feet  diameter  at  the  belly,  and  from  50  lo  55  feel  high.  Though  slight,  they  last  as 
long  as  those  composed  of  an  outer  body  of  masonry  and  a  double  linine  of  bricks;  and 
have  continued  constantly  at  work  for  three  years.  In  Wales  also  the  blast  furnaces  are 
generally  somewhat  larger  than  in  Staffordshire;  because  there  the  object  being  to  refine 
the  cast  iron,  they  wish  to  procure  as  large  a  smelting  product  as  possible.  But  in  Slaf- 
fordshire,  a  fine  quality  of  casting  iron  is  chiefly  sought  aAer,  and  hence  their  furnaces 
have  less  height,  but  nearly  the  same  width. 

In  a  blast  apparatus  employed  at  the  Cyfartha  works,  moved  by  a  90  horse  steam 
power,  the  piston  rod  of  the  blowing  cylinder  is  connected  by  a  parallelogram  roecbanisn 
with  the  opposite  end  of  the  working  beam  of  the  steam  engine.  The  cylinder  is  9  feet 
4  inches  diameter,  and  8  feet  4  inches  high.  The  piston  has  a  stroke  8  feet  long,  and  it 
rises  13  times  in  the  minute.  By  calculating  the  sum  of  the  spaces  percurrcd  by  the 
piston  in  a  minute,  and  supposing  that  the  volume  of  the  air  expelled  is  equal  to  oaly  96 
per  cent,  of  that  sum,  which  must  be  admitted  lo  hold  with  machines  executed  with  » 
much  precision,  we  find  that  12,588  cubic  feet  of  air  are  propelled  every  minute.  Henee 
a  horse  power  applied  to  blowing  machines  of  this  nature  gives,  on  an  average,  137  cn- 
bic  feet  of  air  per  minute.  The  pressure  on  the  air,  as  it  issues,  rarely  exceeds  two  pounds 
on  the  square  inc\i  in  the  Welsh  works. 

At  the  establishment  of  Cyfartha,  for  blowing  seven  smelting  furnaces,  and  the  sem 
corres|x>ndin?  fineries,  three  steam  engines  are  employed,  one  of  90  horse  power, 
another  of  80,  and  a  third  of  40;  which  constitutes  in  the  whole  a  force  of  210  horsey 
or  26  horses  and  |  perfumactj  supposing  the  fineries  to  consume  one  eighth  of  the  Wait 
In  the  whole  of  the  works  uf  Messrs.  Crawshay,  the  proprietors  of  Cyfartha,  the  poWff 
of  about  350  horses  is  expended  in  blowing  12  smelting  furnaces,  and  their  snbordiull 
iineriei;  which  gives  from  25  to  26  horses  for  each,  allowing  at  before  oae  eighth  for  the 
fiflcrifii*   As  these  Curnace^  p^^^^        iXiKvoX  ^  \x»&5£.  tMfiL^BM^  ^a«dklTt  ^  ^ 
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that  a  horse  power  correfcpon^  to  2  tons  and  a  tenth  in  that  time.  Each  of  the  fnmaees 
consumes  about  3567  cubic  feet  of  air  per  minute.  These  works  have  been  greatly 
increased  of  late  years. 

The  following  analyses  of  the  English  coal  ironstones  have  been  made  by  M.  Berthier, 
at  the  school  of  mines  in  Paris. 


Loss  by  ignition  ... 
Insoluble  residuum 

Peioxyde  of  iron  - 

On  calculating  the  quantities 
above  peroxyde  corresponds,  we 
Carbonate  of  iron 
Metallic  iron       «      .  . 

Rich  Welsh  Ore. 

Poor  Welah  Ore. 

Rich  On  of  Dudley, 
or^uMm. 

30-00 
8-40 
0-0 
60-00 
of  carbonate  of  ii 
have : — 

88-77 
42-15 

2700 
22-03 
600 
42-66 
ron,  and  metallic  i 

1  65-09 
1  31-38 

31*00 
7-66 
2-66 
58-33 
irony  to  which  the 

1  85-20 
1  40-45 

The  mean  richness  of  the  ores  of  carbonate  of  iron  of  these  coal  basins  is  not  far  from 
33  per  cent.   About  28  per  cent,  is  dissipated  on  an  average,  in  the  roasting  of  the  ores. 

Every  ferruginous  clay-stone  is  regarded  as  an  iron  ore,  when  it  contains  more  than  20 
per  cent,  of  metal ;  and  it  is  paid  for  according  to  its  quality,  being  on  an  average  at  12 
shillings  per  ton  in  Staffordshire.  The  gubbin,  however,  fetches  so  high  a  price  as  16 
or  17  shillings.  The  ore  must  be  roasted  before  it  is  fit  for  the  blast  furnace,  a  process 
carried  on  in  the  open  air.  A  heap  of  ore  mingled  with  small  coal  (if  necessary)  is 
pOed  up  over  a  stratum  of  larger  pieces  of  coal;  and  this  heap  may  be  6  or  7  feet  high, 
by  15  or  20  broad.  The  fire  is  applied  at  the  windward  end,  and  after  it  has  burned  a 
certain  way,  the  heap  is  prolonged  at  the  other  extremity,  as  far  as  the  nature  of  the 
ground  or  convenience  of  the  work  requires.  The  quantity  of  coal  requisite  for  roasting 
the  ore  varies  from  one  to  four  hundred  weight  per  ton,  according  to  the  proportion  of 
bituminous  matter  associated  with  the  iron-stone.  The  ore  loses  in  this  operation  from 
25  to  30  per  cent,  of  its  weight.  Three  and  a  quarter  tons  of  crude  ore,  or  two  and  a 
quarter  tons  of  roasted  ore,  are  required  to  produce  a  ton  of  cast-iron ;  that  is  to  say,  the 
crude  material  yields  on  an  average  30-7  per  cent.,  and  the  roasted  ore  44*4  of  pig  metal. 
In  most  smelting  works  in  Stafifordshire,  about  equal  weights  of  the  rich  ore  in  round 
nodules  called  gMin,  and  the  poorer  ore  in  cakes  called  blue  flat,  are  employed  together 
in  their  roasted  state ;  but  the  proportions  are  varied,  in  order  to  have  a  uniform  miJt- 
tore,  capable  of  yielding  from  30  to  33  per  cent,  of  metal. 

The  transition  or  carboniferous  limestone  of  Dudley  is  used  as  the  flux ;  it  is  compaet 
and  conuins  little  clay.  The  bulk  of  the  flux  is  made  nearly  equal  to  that  of  the  ore. 
To  treat  two  tons  and  a  quarter  of  roasted  ore,  which  furnish  one  ton  of  pig  iron,  19 
hundred  weight  of  limestone  are  employed ;  constituting  nearly  1  of  limestone  for  3  of 
nnroasted  ore.   The  limestone  costs  6  shillings  the  ton. 

Carbonized  pitcoal  or  coke  was,  till  within  these  few  years,  the  sole  combustible  used 
in  the  blast  furnaces  of  Staflfordshire. 

The  coal  is  distributed  in  circular  heaps,  about  5  feet  diameter,  by  4  feet  high ;  and 
the  middle  is  occupied  by  a  low  brick  chimney,  piled  with  loose  bricks,  so  open  as  to  leave 
interstices  between  them,  especially  near  the  ground.  The  larger  lumps  of  coal  are 
amnged  round  this  chimney,  and  the  smaller  towards  the  circumference  of  the  heap. 
When  every  thing  is  adjusted,  a  kindling  of  coals  is  introduced  into  the  bottom  of  the 
Wiek  chimney ;  and  to  render  the  combustion  slow,  the  whole  is  covered  over  with  a  coat 
of  coal  dross,  the  chimney  being  loosely  closed  with  a  slab  of  any  kind.  Openings  are 
CMeasionally  made  in  the  crust  and  afterwards  shut  up,  to  quicken  and  retard  the  ignition 
at  pleasure,  during  its  continuance  of  24  hours.  Whenever  the  carbonization  has  reached 
the  proper  point  for  forming  good  coke,  the  covering  of  coal  dross  is  removed,  and  water 
it  thrown  on  the  heap  to  extinguish  the  combustion ;  a  circumstance  deemed  useful  to 
the  quality  of  the  coke,  fn  this  operation  the  Staflfordshire  coal  loses  the  half  of  iti 
weight,  or  two  tons  of  coal  produce  one  of  coke. 

As  soon  as  the  blast  furnace  gets  into  a  regular  heat,  which  happens  about  15  days  or 
three  weeks  aAer  fires  have  been  put  in  it,  the  working  consists  simply  in  chargin£  it,  at 
the  opening  in  the  throat,  whenever  there  is  a  sufficient  empty  space;  the  only  rule 
being  to  keep  the  furnace  always  AiIl.  The  coke  is  measured  in  a  basket,  thirteen  of 
which  go  to  the  ton.  The  ore  and  the  flux  (limestone)  are  brought  forwards  in  wheel* 
barrows  of  sheet  iron.  In  24  hours,  there  are  thrown  into  a  furnace  such  as>U. 
582,  14|  tons  of  coke,  16  tons  of  roasted  ore,  and  61  tons  of  limestone ;  from  whi& 
aboat  7  tons  of  pig  iron  are  procured.  This  is  mn  off  every  12  hours;  in  some  workf 
Urn  Mast  it  sntpei^ed  dniiog  the  diMbarge.  The  metal  intended  to  be  converted  iMo 
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bar  iron,  or  to  be  cast  again  into  moulds,  is  nm  into  small  pigs  3  feet  long,  and  4  iftcha 
diameter ;  weighing  each  about  2  hundred  weight  and  a  half. 

The  disorders  to  which  blast  furnaces  are  liable  have  a  tendency  always  to  jmdwct 
white  cast-iron.  The  color  of  the  slag  or  scorin  is  the  surest  test  of  these  dcruge- 
ments,  as  it  indicates  the  quality  of  the  products.  If  the  furnace  is  yielding  an  iroa 
proper  for  casting  into  moulds,  the  slag  has  a  uniform  vitrification,  and  is  slightly  traai- 
lucid.  When  the  dose  of  ore  is  increased  in  order  to  obtain  a  gray  pig  iron,  fit  for 
fabrication  into  bars,  the  slag  is  opaque,  dull,  and  of  a  greenish-yellow  tint,  with  blue 
enamelled  zones.  Lastly,  when  the  furnace  is  producing  a  white  metal,  the  slags  tre 
black,  glassy,  full  of  bubbles,  and  emit  an  odor  of  sulphureted  hydrogen.  The  scoric 
from  a  coke  are  much  more  loaded  with  lime  than  those  fVom  a  charcoal  blast  furnace. 
This  excess  of  lime  appears  adapted  to  absorb  and  carry  off  the  sulphur,  which  wooH 
otherwise  injure  the  quality  of  the  iron.  The  slags,  when  breathed  on,  emit  an  argilla- 
ceous odor. 

A  blast  furnace  of  50  or  60  feet  in  height  gives  commonly  from  60  to  70  tons  of  CMt- 
iron  per  week ;  one  from  50  to  55  feet  high,  gives  60  tons ;  two  united  of  45  feet  prodaee 
together  100  tons;  and  one  of  36  feet  furnishes  from  30  to  40.  A  blast  furnace  shcrald 
go  for  four  or  five  years  without  needing  restoration.  From  3|  to  4  tons  of  coal,  iaclo- 
sive  of  the  coal  f  )f  calcination,  are  required  in  Staffordshire  to  obtain  one  ton  of  cast-iroa ; 
and  the  expense  in  workmen's  wages  is  about  15  shillings  on  that  quantity. 

At  the  Cyfartha  works  of  Messrs.  Crawshay  in  South  Wales,  the  average  price  of  the 
lithoid  carbonate  of  iron,  ready  for  roasting,  is  only  7s.  6d,  a  ton,  and  its  richness  is  aboat 
33  per  cent.  The  furnaces  for  roasting  the  ore  in  that  country  arc  made  in  the  form  of 
cylinders,  placed  above  an  inverted  cone.  The  cylindrical  part  is  6  feet  high  and  wide, 
and  the  cone  is  about  4  feet  high,  with  a  base  equal  to  that  of  the  cylinder ;  towards 
the  bottom  or  narrowest  part  of  the  inverted  cone,  there  is  an  aperture  which  terminates 
in  an  outlet  on  a  level  with  the  bottom  of  the  terrace  in  which  the  furnace  is  bailt. 
Sometimes,  however,  all  the  roasting  furnaces  are  in  a  manner  combined  into  oae^ 
which  resembles  a  Ion?  pit  about  6  feet  in  width  and  depth,  and  whose  bottom  presents 
a  series  of  inverted  hollow  quadrangular  pyramids,  6  feet  in  each  side,  and  4  deep.  The 
bottom  or  apex  of  each  of  these  pyramids  communicates  with  a  mouth  or  door-way  that 
opens  on  a  lower  terrace,  through  which  the  ore  falls  in  proportion  as  it  is  roasted ;  and 
whence  it  is  wheeled  and  tumbled  into  the  throat  of  an  adjoining  blast  furnace,  on  the 
same  level  with  the  terrace;  for  in  Wales  the  blast  furnace  is  generally  built  ap 
against  the  face  of  a  hill,  which  makes  one  of  its  fronts.  The  above  roasting  fur- 
naces, which  closely  resemble  lime-kilns,  after  being  filled  with  alternate  strata  of  small 
coal  and  ore,  are  set  on  fire ;  and  the  roasted  ore  is  progressively  withdrawn  below,  as 
already  mentioned. 

The  product  of  coke  from  a  certain  weight  of  coal  is  greater  in  Wales  than  in  Staf- 
fordshire, though  the  mode  of  manufacture  is  the  same.  At  Pen-y-Darran,  for  example, 
5  of  coal  furnish  3J  of  coke;  or  100  give  70 ;  at  Dowlais  100  of  coal  afford  71  of  coke, 
and  the  product  would  be  still  greater  if  more  pains  were  bestowed  upon  the  process. 
At  Dowlais,  coal  costs  only  2  shillings  a  ton ;  at  Cyfartha,  it  is  worth  from  2s.  6d.  to  5 
shillings.    About  2  tons  of  coke  are  employed  in  obtaining  1  ton  of  cast-iron. 

According  to  M.  Berthier's  analysis,  the  slag  or  cinder  of  Dowlais  consists  of  silica, 
40*4;  lime,  38*4;  magnesia,  5*2;  alumina,  1 1*2 ;  protoxyde  of  iron,  3*8  ;  and  a  trace  of 
sulphur.  He  says  that  the  silica  contains  as  much  oxygen  as  all  the  other  bases  united; 
or  is  equivalent  to  them  in  saturating  power;  and  to  the  excess  of  lime  he  ascribes  the 
freedom  from  sulphur,  and  the  good  quality  of  the  iron  produced.  The  specimen  exam- 
ined was  from  a  furnace  ht  Merthyr-Tydvil.  Other  slags  from  the  same  furnace,  and  one 
from  Dudley,  furnished  upwards  of  2  per  cent,  of  manganese.  Those  which  he  analyzed 
from  Saint  Etienne,  in  France,  afforded  about  1  per  cent,  of  sulphur. 

The  consumption  of  coal  in  the  Welsh  smelting  furnaces  may  be  estimated,  on  aa 
average,  at  3  tons  per  ton  of  cast-iron  ;  corresponding  to  2'1  of  their  coke.  From  this 
economy  in  the  quantity  of  fuel,  as  well  as  from  its  cheapness  and  that  of  the  iron  ore, 
the  iron  of  South  Wales  can  be  brought  into  the  market  at  a  much  lower  rate  than  that 
of  any  other  district.  These  blast  furnaces  remain  in  action  from  5  to  10  years;  at  the 
end  of  which  time,  only  their  interior  surface  has  to  be  repaired.  The  lining  of  the 
upper  part  lasts  much  longer;  for  examples  are  not  wanting  of  its  holding  good  for 
nearly  40  years. 

One  of  the  greatest  improvements  ever  made  by  simple  means  in  any  manufacture  if 
the  employment  of  hot  air,  instead  of  the  ordinary  cold  air  of  the  atmosphere,  in  supply- 
ing the  blast  of  furnaces  for  smelting  and  founding  iron.  The  discovery  of  the  sop^ 
rior  power  of  a  hot  over  a  cold  blast  in  fusing  refractory  lumps  of  cast-iron  was  acci- 
dentally observed  by  my  pupil,  Mr.  James  Beaumont  Neilson,  engineer  to  the  Glasgow 
gas  works,  about  the  year  1827,  at  a  smith's  forge  in  that  city,  and  it  was  made  the 
subject  of  a  patent  in  the  month  of  September  of  the  following  jettr.  No  particnlar 
omstraction  of  appmtns  "waB  d.csiexiKMdi  V|       YKs^tk\ot     ^m^Tab^  thft  air  wis  to  ke  ^ 
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lieated,  and  conveyed  to  the  furnace ;  but  it  was  merely  stated  that  the  air  may  be 
Seated  in  a  chamber  or  closed  yessel,  having  a  fire  tinder  it,  or  in  a  vessel  connected  in 
iny  convenient  manner  with  the  forge  or  furnace.  From  this  vessel  the  air  is  to  be  forced 
tiy  means  of  beUows  into  the  furnace.  The  quantity  of  surface  which  a  heating  furnace  is 
required  to  have  for  a  forge,  is  about  1260  cubic  inches ;  for  a  cupola  furnace,  hhouX  10,000 
mbic  inches.  The  vessel  may  be  enclosed  in  brickwork,  or  fixed  in  any  other  manner 
that  may  be  found  desirable,  the  application  of  heated  air  in  any  way  to  furnaces  or 
!brges,  for  the  purposes  of  working  iron,  being  the  subject  claimed  as  constituting  the 
invention. 

Wherever  a  forced  stream  of  air  is  employed  for  combustion,  the  resulting  temperature 
nust  evidently  be  impaired  by  the  coldness  of  the  air  injected  upon  the  fuel.  The  heat 
levelopcd  in  combustion  is  distributed  into  three  portions ;  one  is  communicated  to  the 
remaining  fuel,  another  is  communicated  to  the  azote  of  the  atmosphere,  and  to  the  vo- 
latile products  of  combustion,  and  a  third  to  the  iron  and  fluies,  or  other  surrounding 
natter  to  be  aAerwards  dissipated  by  wider  diffusion.  This  inevitable  distribution  takes 
;>lace  in  such  a  way,  that  there  is  a  nearly  equal  temperature  over  the  whole  extent  of  a 
Ire-place,  in  which  an  equal  degree  of  combustion  exists. 

We  thus  perceive  that  if  the  air  and  the  coal  be  very  cold,  the  portions  of  heat  ab- 
lorbed  by  them  might  be  very  considerable,  and  sufiicient  to  prevent  the  resulting  tem- 
perature from  rising  to  a  proper  pitch;  but  if  they  were  very  hot  they  would  absorb 
ets  caloric,  and  would  leave  more  to  elevate  the  common  temperature.  Let  us  suppose 
:wo  furnaces  charged  with  burning  fuel,  into  one  of  which  cold  air  is  blown,  and  into 
Jie  other  hot  air,  in  the  same  quantity.  In  the  same  time,  nearly  equal  quantities  of  fuel 
rriU  be  consumed  with  a  nearly  equal  production  of  heat ;  but  notwithstanding  of  this, 
:here  will  not  be  the  same  degree  of  heat  in  the  two  furnaces,  for  the  one  which  re- 
vives the  hot  air  will  be  hotter  by  all  the  excess  of  heat  in  its  air  above  that  of  the 
itber,  since  the  former  air  adds  to  the  heat  while  the  latter  abstracts  from  it.  Nor  are* 
ire  to  imagine  that  by  injecting  a  little  more  cold  air  into  the  one  furnace,  we  can  raise 
its  temperature  to  that  of  the  other.  With  more  air  indeed  we  should  bum  more  coals 
m  the  same  time,  and  we  should  produce  a  greater  quantity  of  heat,  but  this  heat  being 
UfiTosed  proportionally  among  more  considerable  masses  of  matter,  would  not  produce  a 
greater  temperature ;  we  should  have  a  larger  space  heated,  but  not  a  greater  intensity 
xTbeat  in  the  same  space.  • 

Thus,  according  to  the  physical  principles  of  the  production  and  distribution  of  heat, 
ftres  fed  with  hot  air  should,  with  the  same  fuel,  rise  to  a  higher  pitch  of  temperature 
than  fires  fed  with  common  cold  air.  This  consequence  is  independent  of  the  masses, 
being  as  true  for  a  small  stove  which  bums  only  an  ounce  of  charcoal  in  a  minute,  as 
for  a  furnace  which  bun|s  a  hundred  weight ;  but  the  excess  of  temperature  produced  by 
liot  air  cannot  be  the  same  in  small  fires  aa  in  great ;  because  the  waste  of  heat  is  usually 
lets  the  more  fuel  is  burned.  ^ 

This  principle  may  be  rendered  still  more  evident  by  a  numerical  illustration.  Let 
OS  take,  for  example,  a  blast  furnace,  into  which  600  cubic  feet  of  air  are  blown  per 
minute ;  suppose  it  to  contain  no  ore,  but  merely  coal  or  coke,  and  that  it  has  been  burn- 
ing long  enough  to  have  arrived  at  the  equilibrium  of  temperature,  and  let  us  see  what 
ezeen  of  temperature  it  would  have  if  blown  with  air  of  300°  C.  (572°  F.),  instead  of  be- 
ing blown  with  air  at  0°  C. 

600  cubic  feet  of  air  under  the  mean  temperature  and  pressure,  weigh  a  little  more 
than  AH  pounds  avoirdupois;  they  contain  10*4  pounds  of  oxygen,  which  would  burn  very 
Dcsjly  4  pounds  of  carbon,  and  disengage  16,000  times  as  much  heat  as  would  raise  by 
mt  degree  Cent,  the  temperature  of  two  pounds  of  water.  These  16,000  portions  of  heal, 
prodnced  every  minute,  will  replace  16,000  other  portions  of  heat,  dissipated  by  the  sides 
of  the  furnace,  and  employed  in  heating  the  gases  which  escape  from  its  mouth.  This 
BMist  take  place  in  order  to  establish  the  assumed  equilibrium  of  caloric. 

If  the  45  pounds  of  air  be  heated  beforehand  up  to  300°  C,  they  will  contain  about 
the  eighth  part  of  the  heat  of  the  16,000  disengaged  by  the  combustion,  and  there  will 
be  therefore  in  the  same  space  one  eighth  of  heat  more,  which  will  be  ready  to  operate 
apon  any  bodies  within  its  range,  and  to  heat  them  one  eighth  more.  Thus  the  blast 
of  300°  C.  gives  a  temperature  which  is  nine  eighths  of  the  blast  at  zero  C,  or  at  even 
ikte  oidinary  atmospheric  temperature ;  and  as  we  may  reckon  at  from  2200°  to  2700°  F. 
(from  1200°  to  1500°  C),  the  temperature  of  blast  furnaces  worked  in  the  common  way, 
wt  perceive  that  the  hot  air  blast  produces  an  increase  of  temperature  equal  to  from  270^ 
ID  360°  F. 

Now  in  order  to  appreciate  the  immense  efl>cts  which  this  excess  of  temperature  may 
piodnee  in  metallurgic  operations,  we  must  consider  that  often  only  a  few  degrees  more 
Icnperature  are  required  to  modify  the  sUte  of  a  fusible  body,  or  to  determine  the  play 
of  affinities  dormant  at  lower  degrees  of  heat.  Water  is  solid  at  1°  under  32°  F. ;  it 
it  Uqaid  at  1®  above.  Every  (Visible  body  has  a  delennimlA  ludx^  \m 
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degrees  above  which  it  is  quite  fluid,  though  it  may  be  pasty  below  it.  The  same  o¥ 
seryatioQ  applies  to  ordinary  chemical  affinities;  charcoal,  for  example^  which  redooi  I 
the  greater  part  of  metallic  oxydes,  begins  to  do  so  only  at  a  determinate  pitch  of  ten- 
perature,  under  which  it  is  inoperative,  but  a  few  degrees  above,  it  is  in  general  liwlj 
and  complete.  It  is  unnecessary,  in  this  article,  to  enter  into  any  more  detaUs  to  shov 
the  influence  of  a  few  degrees  of  heat,  more  or  less,  in  a  furnace,  upon  chemical  opoi> 
tions,  or  merely  upon  physical  changes  of  state. 

These  consequence^  might  have  been  deduced  long  ago,  and  industry  might  this  btvt 
been  enriched  with  a  new  application  of  science ;  but  phQosophers  have  been  and  itiH 


are  too  much  esiransed  from  the  study  of  the  useful  arts,  and  content  themsdres  too 
much  with  the  minutis  of  the  laboratory  or  theoretic  abstractions.  Within  the  space  oT 
7  years,  the  use  of  the  hot  blast  has  been  so  much  extended  in  Great  Britain,  as  to  have 
enabled  many  proprietors  of  iron  works  to  add  50  per  cent,  to  their  weekly  prodnctioo  of 
metal,  to  diminish  the  expenses  of  smelting  by  50  per  cent,  and,  in  many  cases,  to  prodicc 
a  better  sort  of  cast  iron  from  indifferent  materials. 

586  587 


The  figures  here  given  represent  the  blast  furnace,  and  all  the  detaib  of  the  air  healing, 


at  one  view.  Fig,  583  is  a  vertical  itectioa  of 
the  furnace  and  the  apparatus;  fig.  585  repre- 
sents the  plan  at  the  height  of  the  line  I,  2,  of 
fig,  583,  The  blowing  machine,  which  is  not 
shown  in  this  view,  injects  the  air  throo^b  the 
pipe  A,  into  the  regulator  chamber  r,  fi§,  585  \ 
the  air  thence  issues  by  the  pipe  b,  proceeds  to 
c,  where  it  is  subdivided  into  two  portions;  ihe 
one  passes  along  the  pipe  c  d  to  get  to  the 
tuyere  t,  the  other  passes  behind  the  fornsce) 
and  arrives  at  the  tuyere  t'  by  the  pipe  c  f  r. 

These  pipes  are  distributed  in  a  long  farnace 
or  flue,  whose  bottom,  sides,  and  top  are  fonned 
with  fire  brick,  where  they  are  exposed  to  the 
action  of  the  flame  of  the  three  fires  x,  T,  i* 
The  flame  of  the  fire  x  plays  round  the  pipe  i  st 
its  entrance  into  the  flue,  and  quits  it  only  to  go 
into  the  chimney  h;  that  of  the  fire  y  actsfroB 
the  point  d  to  the  same  chimney,  passing  by  the 
elbow  c ;  that  of  the  fire  x  acta  equally  vpoar 
and  H,  in  passing  by  the  elbow  s.  * 
Disposition  of  th0  fifu  amd  /uraoa.— 
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ftre  z,  of  which  the  plan  is  seen  in  fig,  585,  and  the  elevation  in  fif;,  583 ;  as  also  in  the 
CMitside  view  of  the  blast  farnace,  jig,  589. 

The  grate  is  at  l  ;  the  fuel  is  introduced  by  the  door  p,  fig,  583 ;  the  flame  rises  above 
the  bridge  i  x,  and  proceeds  along  the  vaulted  flue  towards  the  chimney  h.  Through  a 
length  of  about  13  feet,  including  the  grate,  the  furnace  is  on  each  side  supported  by 
oblong  plates  of  cast-iron,  which  are  bound  together  by  4  upright  ribbed  or  feathered 
bmrs,  also  on  each  side ;  these  bars,  n,  being  bound  together  by  iron  rods  furnished  with 
screw  nuts  at  their  ends  {figs,  583,  585,  586).  Beyond  this  distance,  the  outside  of  the 
furnace  is  mere  brickwork. 

The  fires  y  and  z  have  exactly  a  like  disposition  with  the  above. 

Fig,  586  indicates  the  dimensions  and  the  curvature  of  the  arch  above  the  grate,  near 
the  bridge;  fig,  587  represents  the  section  of  the  furnace  and  of  the  pipe  beyond  the  cast- 
iron  casing. 

I  find  that  the  furnace  is  only  about  3  feet  wide  at  the  bottom,  and  that  the  elevation 
of  the  arch  above  the  bottom  is  no  more  than  30  inches.  Perhaps  it  might  be  made  a 
little  wider  with  advantage ;  the  combustion  would  be  more  vigorous  and  effective ;  and 
if  the  sides  also  were  a  little  thicker,  the  heat  would  be  better  confined. 

The  distance  from  the  fire-place  x  to  the  chimney  h,  is  43)  feet. 

—  —      T  to  the  point  c,  is       13  — 

—  —      z  to  the  chimney,  is    29  —  including  the 

turn  of  the  elbow  s. 

DUtrOmiion  of  the  pipe$, — ^At  b  the  pipe  is  18  inches  diameter  outside,  and  one  inch 
thick  of  metal,  and  it  tapers  to  c ;  from  c  to  d  and  from  d  to  c  the  pipes  are  only  11  inches 
in  external  diameter,  and  three  fourths  of  an  inch  thick ;  they  are  5  feet  long,  and  are 
united  by  two  kinds  of  joints ;  the  ordinary  ones,  and  those  of  compensation,  to  give 
play  for  the  expansion  and  contraction.  One  of  these  is  seen  between  b  and  c,  one  be- 
tween c  and  D,  one  between  c  and  e,  and  a  fourth  between  e  and  f.  These  pipes  and 
their  adjustment  are  seen  more  at  large  in  fig,  588 ;  u  v  is  one  of  these  pipes,  its  widened 
mouth  receives  the  extremity  m  of  the  preceding  pipe.  These  pieces  are  truly  bored  and 
turned  to  fit  each  other,  and  slide  out  and  in  like  telescope  tubes,  by  the  effect  of  dilata- 
tion and  contraction  of  the  pipes  with  changes  of  temperature. 

At  certain  distances  castors  or  friction-rollers  of  cast-iron  are  placed  to  carry  the  pipes, 
whieh  roll  upon  oblong  plates  of  cast-iron  laid  upon  the  floor  of  the  flues.  These  castors 
•re  shown  at  a,  6,  c,  d,  e,  /,  g,  fig,  585 ;  one  of  them  is  shown  separate  upon  a  larger 
scale  at  o,*in  fig,  587,  as  also  the  plate  or  rail  s,  on  which  it  runs. 

The  tuydres  t  t"  are  adjusted  into  the  pipe  behind  them ;  this  is  truly  bored,  so  as  to 
•Uow  the  thick  end  of  the  tuyere  to  slide  tightly  backwards  and  forwards  in  it,  like  s 
piston  in  the  barrel  of  a  pump ;  a  diaphragm  moreover  prevents  the  tuydre  from  being 
drawn  or  forced  entirely  out  of  its  tube.  At  the  side  of  this  tube  there  is  a  small  orifice, 
which  may  be  shut  or  opened  at  pleasure  with  a  stopcock  or  screw-plug  :  it  serves  to  try 
the  degree  of  heat  of  the  air-blast ;  if  a  lead  wire  does  not  melt  when  held  at  this  hole, 
the  temperature  is  reckoned  too  low;  being  under  the  612th  degree  of  Fahrenheit.  The 
nozzles  are  2  inches  in  diameter. 

Near  the  fire-places  of  the  air-heating  furnaces  the  pipes  are  at  a  cherry-red  heat;  and 
lest  they  should  be  burned,  they  are  there  coated  with  a  lute  of  fire-clay,  as  shown  near 
K,  in  fig,  586.  By  this  means  the  air  is  kept  up  at  the  heat  of  350**  or  662^  F.,  s 
little  above  the  boiling  point  of  quicksilver. 

(^antity  of  air  and  pressure, — The  blowing-machine  belonging  to  the  above  blast- 
IVirnace  is  moved  by  a  water  wheel  of  22  horse  power ;  the  pistons  are  4  feet  in  diameter, 
kave  a  S^-feet  stroke,  work  double,  and  expel  1200  cubic  feet  of  air  in  the  minute;  or 
€00  cnbic  feet  for  each  nozzle.  The  pressure  of  the  air  is  equivalent  to  no  more  tJian 
t  or  2}  inches  of  mercury ;  formerly  with  cold  air  it  amounted  to  3|  Ihches.  This  fur- 
nace yields,  upon  an  average,  5 J  tons  of  cast-iron  daily,  and  consumes  1|  cwt.  of  coke 
for  each  cwt.  of  cast-iron  produced ;  being  7  tons  of  coke  per  diem. 

The  consumption  of  the  three  flue  fires  is  30  pounds  of  small  coal,  for  100  pounds  of 
esst-iron  produced,  which  may  be  reckoned  equivalent  to  15  poands  of  coke ;  hence  alto- 
gether each  ton  of  cast-iron  requires  for  its  production  ]|  tons  of  coke. 

The  same  furnace  worked  with  the  cold  blast,  the  same  pressure,  and  the  same  ores, 
produced  only  3)  tons  of  cast-iron  daily,  with  an  expenditure  of  2*55  of  coke  for  1  of 
esst-iron  ;  in  which  case  the  coke  amounted  to  9  tons  daily. 

The  returns  by  the  hot  blast  compared  with  those  by  the  cold,  are  therefore  as  the 
numbers  3  and  2,  which  shows  an  advantage  by  the  former  plan  of  50  per  cent.  The 
eonsuroption  of  fuel  in  the  two  cases  is  as  8  to  9,  being  a  saving  in  this  article  of  about 
11  per  cent.    Coke  is  used  on  account  of  sulphur  in  the  coal. 

.  Hot-blast  heated  by  the  flame  of  the  furnace  mouth, — ^This  system  is  mounted  in  Staf- 
Ibfdshire.  The  heating  apparatus  is  there  set  immediately  upon  the  mouth  of  the  fur- 
nsce ;  and  is  composed  of  two  large  cast-iron  cylinders  of  the  same  length,  the  one  within 
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the  other,  leaving  a  space  between  them.  This  annnlar  interval  amounts  to  16  iBckei 
and  it  is  closed  at  top  and  bottom :  but  the  innermost  cylinder  is  open  at  both  ends,  anJ 
forms,  indeed,  the  vent  of  the  chimney  or  farnace.  It  carries  nine  rows  of  pipes,  three 
in  each  row,  which  cross  its  interior,  and  open  into  the  annular  space. 

The  flame  of  the  furnace  passes  between  the  intervals  of  the  cross  pipes,  heatiu 
them,  and  also  the  two  upright  cylinders  with  which  they  are  connected.  The  air  of 
the  blowing  machine  arrives  by  a  vertical  pipe,  which  is  placed  at  the  back  of  the  far- 
nace I  it  enters  into  the  above  annular  space^  and  thence  circulates,  with  more  or  lev 
velocity,  through  the  27  cross  tubes,  upon  which  the  flame  is  continually  playing;  hsth, 
it  is  drawn  through  to  the  bottom  of  the  annular  space ;  the  two  tubes  which  coiidact  it 
to  the  two  tuyeres,  pass  down  within  the  brickwork  of  the  furnace,  and  thas  prevent  t^e 
dissipation  of  its  heat. 

Below  this  heating  apparatus  there  is  a  door  for  putting  the  charges  into  the  famice. 

The  above  arrangement  does  not  seem  to  be  the  best  for  obtaining  the  greatest  posi- 
ble  heat  for  the  blast,  nor  for  favoring  the  free  action  of  the  furnace ;  but  it  illastntes 
perfectly  well  the  principle  of  this  application.  A  serpentine  movement  in  a  long  bett 
hot  channel  would  be  much  better  adapted  for  communicating  heat  to  so  bad  a  condactot 
as  air  is  known  to  be. 

In  the  month  of  July,  1836,  1  paid  a  visit  to  Codner  Park  and  Butterly  works,  in  Der- 
byshire, belonging  to  the  eminent  iron-masters,  Messrs.  Jessop  &  Co.,  where  I  wa? 
kindly  permitted  not  only  to  study  the  various  processes  of  the  manufacture  of  cast  and 
wrought  iron,  but  to  inspect  the  registers  of  the  products  of  cast  iron  in  their  IAmsi 
furnaces  for  several  years  back.  It  appeared  that  in  the  year  1829,  only  29  tons  of 
cast-iron  were  made  weekly  in  each  of  the  blast  furnaces  at  Codner  Park.  Ther 
were  then  worked  with  coke,  and  blown  with  cold  air.  Each  ton  of  iron  required 
for  its  production,  at  that  time,  6*82  tons  of  coals,  made  into  coke  for  smelting;  with 
2*64  of  roasted  iron  ore  (carbonate),  called  mine ;  and  0*87  of  limestone,  the  coitim  of 
the  French. 

In  1835  and  1836,  the  same  furnaces  turned  ont  weekly  49  tons  of  cast-iron  each;  and 
every  ton  of  iron  required  for  its  production  only  3  tons  of  coal  (not  made  into  coke) ; 
2*72  tons  of  mine ;  and  0*77  of  lime. 

In  1829,  and  for  many  years  before,  as  well  as  one  or  two  after,  each  ton  of  coals  is  said 
to  have  cost  for  coking  the  sum  of  6«.,  whence  the  6*82  tons  of  coals  then  converted  into 
coke  for  smelting  one  ton  of  iron,  cost  fully  409.  in  coking  alone,  in  addition  to  ^heir  priiDe 
cost.  The  saving  in  this  respect,  therefore,  is  40*.  upon  each  ton  of  iron,  besides  the 
savinu  of  fully  half  the  coal,  and  the  increased  produce  of  nearly  60  per  cent,  of  metal 
per  week.  The  iron-master  pajs  the  patentee  Is.  upon  every  ton  of  iron  which  he 
makes,  and,  at  the  prices  of  1836,  he  lessened  his  expenses  by  at  least  30*.  or  40*.  per 
ton  by  the  patent  improvement. 

The  following  tabular  view  of  the  progression  in  the  management  and  results  of  the 
hot  blast,  is  given  by  M.  Dufrenoy,  aJfter  visiting  the  various  iron  works  in  this  country 
where  it  had  been  introduced. 

At  the  Clyde  iron  works,  near  Glasgow ;  in  1829,  when  the  combustion  was  effected 
by  the  cold  air  blast, —      ,  ^ 

Tons,  mrt  Ibi. 

There  were  consumed,  for  smelting,  3  tons  of  coke,  equivalent  to       -   6    13  0 
—       for  the  blowing  engine  -         -         -         -    1     0  7 


Total  coal  per  ton  of  iron 
Limestone       -         -  . 
In  1831,  with  the  hot  blast  at  450^  F.,  coke  being  still  used  in  smelting. 
There  were  consumed,  for  smelting,  1  ton,  18  cwt.  of  coke,  equiva- 
lent to  -  --  --  --  - 

—  for  heating  the  air,  5  cwt.  > 

—  for  the  blowing  engine,  7  cwt.  4  lbs.  J 


Total  coal  per  ton  of  iron 
Limestone      .         .  . 

In  July,  1833,  with  the  hot  blast  at  612°  F.,  raw  coal  alone  being  used 
for  smelting, — 

There  were  consumed  :  for  smelting  - 

—  for  heating  the  air  - 

—  for  the  blowing  engine  - 


Total  coal  per  ton  of  iron 
Limestone 
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At  the  last  period  the  use  of  hot  air  had  increased  the  make  of  the  furnaces  by  more 
than  one  third,  and  had  consequently  produced  a  great  saving  of  expense  in  the  artide 
of  labor.  The  quantity  of  blast  necessary  for  the  furnaces  was  also  sensibly  diminished ; 
for  a  blowing  engine  of  seventy-horse  power,  which,  in  1829,  served  only  for  three  blast 
furnaces,  was  now  sufficient  for  the  supply  of  four. 

"  On  comparing  these  several  results,  we  find  that  the  economy  of  fuel  is  in  proportion 
to  the  temperature  to  which  the  air  is  raised.  As  for  the  actual  saving,  it  varies  in 
«very  work,  according  to  the  nature  of  the  coal,  and  the  care  with  which  the  operation 
is  conducted. 

''This  process,  though  it  has  been  four  years  in  use  in  the  works  near  Glasgow 
(which  it  has  rescued  from  certain  ruin),  has  scarcely  passed  the  borders  of  Scotland ; 
the  mar^'eUous  advantages,  however,  which  it  has  produced,  are  beginning  to  triumph 
over  prejudice,  and  gradually  to  extend  its  use  into  the  different  English  iron  districts. 
There  are  one-and-twenty  works,  containing  altogether  sixty-seven  blast  furnaces,  in 
which'hot  air  is  used.  The  pig  iron  run  out  of  these  furnaces  is  generally  No.  1,  and  is 
fit  for  making  the  most  delicate  castings.  This  process  is  equally  applicable  to  forge 
pigs  ioT  the  manufacture  of  bar  iron ;  since  in  order  to  obt^n  this  quality  of  iron,  it  is 
only  necessary  to  alter  the  proportion  of  fuel  and  mineral.  In  the  forges  of  the  Tyne  iron- 
works, near  Newcastle,  and  of  Codner  Park,  near  Derby,  pigs  made  in  furnaces  blown  by 
hot  air,  are  alone  used  in  the  manufacture  of  bar  iron. 

In  the  side  of  the  tuyere  pipe  a  small  hole  is  made,  by  means  of  which  the  heat  of 
the  air  may  be  ascertained  at  any  moment.  This  precaution  is  indispensable,  it  being  of 
importance  to  the  beneficial  use  of  hot  air,  that  it  be  kept  at  a  uniformly  high  temperature. 
With  a  proper  apparatus  the  air  is  raised  to  612  degrees  Fahr.,  which  is  a  greater  heat, 
by  several  degrees,  than  is  necessary  for  the  fbsion  of  lead." 

'*  At  Calder  works  the  consumption  of  fuel  has  diminished  in  the  proportion  of  7  tons 
17  cwts.  to  2  tons  2  cwts.  There  has  also  been  a  great  diminution  of  expense  in  limestone, 
of  which  only  5|  cwts.  are  now  used,  instead  of  13  cwts.,  which  were  used  in  1828.  This 
d<H:rease  residts,  as  I  have  already  said,  from  the  high  temperature  which  the  furnace  has 
acquired  since  the  introduction  of  hot  air. 

'*  The  quantity  of  blast  has  been  reduced  from  3500  cubic  feet  per  minute,  to  2627 
cubic  feet ;  the  pressure  also  has  been  reduced  from  3}  to  2f  lbs." 

Of  the  refinery  of  cast-iron,  or  its  conversion  into  bar-iron^  in  England, — This  operation 
is  naturally  divisible  into  three  distinct  parts.  The  first,  or  the  finery  properly  speaking, 
is  executed  in  peculiar  furnaces  called  running  out  fires ;  the  second  operation  completes 
the  first,  and  is  called  puddling ;  and  the  third  consists  in  welding  several  iron  bars  to- 
gether, and  working  them  under  forge  hammers,  and  between  rolls. 

1.  The  finery  furnaces  are  composed  of  a  body  of  brickwork,  about  9  feet  square ;  rising 
but  little  above  the  surface  of  the  ground.  The  hearth,  placed  in  the  middle,  is  two 
feet  and  a  half  deep ;  it  is  rectangular,  being  in  general,  3  feet  by  2,  with  its  greatest 
side  parallel  to  the  face  of  the  tuyeres ;  and  it  is  made  of  cast  iron  in  four  plates.  On  the 
side  of  the  tuyeres  there  is  a  single  brick  wall.  On  the  three  other  sides,  sheet  iron  doors 
are  placed,  to  prevent  the  external  air  from  cooling  the  metal,  which  is  almost  always 
worked  under  an  open  shed,  or  in  the  open  air,  but  never  in  a  space  surrounded  by  walls. 
The  chimney,  from  15  to  18  feet  high,  is  supported  upon  four  columns  of  cast  iron ;  its 
lintel  is  four  feet  above  the  level  of  the  hearth,  in  order  that  the  laborers  may  work  with- 
out restraint. 

The  number  of  tuyeres  is  from  two  to  three ;  they  are  placed  at  the  height  of  the  lip 
of  the  crucible  or  hearth,  and  distributed  so  as  to  divide  its  length  into  equal  parts; 
their  axes  being  inclined  towards  the  bottom,  at  an  angle  of  from  25^  to  30^,  so  as  to  point 
upon  the  bath  of  melted  metal  as  it  flows.  The  cast-iron  nose-pipe  is  incased,  and  water 
is  made  to  cii  culate  in  the  hollow  space  by  means  of  cylindrical  tubes ;  being  introduced 
by  one  tube,  and  let  off  by  another,  so  as  to  prevent  the  tuyeres  from  getting  burned  in 
the  process. 

Two  nozzles  are  usually  placed  in  each  tuyere,  to  render  the  blast  constant  and  uni- 
form ;  and  for  the  same  end,  the  ahr  impelled  by  the  beUows,  is  sometimes  received  at 
first  in  a  regulator.  The  quantity  of  air  blown  into  the  fineries  is  considerable ;  being 
nearly  400  cubic  feet  per  minute  for  each  finery ;  or  about  the  eighth  part  of  the  consump- 
tion of  a  blast  furnace. 

The  finery  furnace,  or  running  out  fire,  is  represented  in  figs,  590  and  591.  It  is  a 
smelting  hearth,  in  which  by  first  fusing  and  then  cooling  gray  cast  iron  in  a  peculiar 
way,  it  is  converted  into  white  cast  iron,  called  fine  iron,  or  fine  metal,  of  the  quality  of 
forge  pig,  for  making  malleable  iron  by  the  puddling  process.  The  furnace  resembles  the 
forge  hearlh  employed  in  Germany  and  Fiance  for  converting  forge  pig  into  wrought 
iron ;  but  it  differs,  particularly  in  this^  that  the  fused  iron  is  run  out  into  an  oblong  iron 
^    troogh,  for  sudden  congelation. 

a  is  the  air-chest,  in  eommimicatioii  with  the  MowlBg  cylinder,  or  bellowi;  the  tir 
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being  conducted  through  at  least  two  htuX  lapei  to  tiie  flr^  and  aometimes  tfaioogk 
even  4  or  6  pipes.  6  is  the  side  of  the  fomace,  corresponding  to  the  tnydie  plitci,ii 


which  are  the  openings  for  the  blast  pipes.  All  the  sides  of  the  fomace  are  hollow,  tod 
are  kept  cool  by  the  circulation  of  water  through  the  cavity  between  them,  t  is  the  froit 
wall  of  the  furnace,  having  a  strong  cast  iron  plate  containing  the  tap  holes  for  numii; 
off  the  melted  metal,  ddisthe  exterior  wall  of  the  fbmace,  which  corresponds  to  tk 
contre^ent  and  ash-hearth  of  the  French  refining  forge,  e,  is  the  top  plate  upon  which  the 
coke  is  piled  up  in  store.  //,//,  iron  props  of  the  chimney,  (not  shown  in  this  view).  ?, 
cast  iron  trough  into  which  the  fine  iron  is  run  off  in  fusion ;  which  is  sometimes  made 
in  one  piece,  but  more  usually  in  separate  plates  joined  together.  Beneath  this  mooU 
a  stream  of  water  is  made  to  flow.   A  is  the  bottom  of  the  hearth,  covered  with  sand. 

In  the  finery  process,  the  hearth  or  crucible  of  the  furnace  is  filled  with  coke ;  then  six 
pigs  of  cast  iron  are  laid  horizontally  on  the  hearth,  namely,  four  of  them  paraDd  to 
the  four  sides,  and  two  in  the  middle  above ;  and  the  whole  is  covered  op  in  a  doiM* 
form,  with  a  heap  of  coke.  The  fire  is  now  lighted,  and  in  a  quarter  of  an  hoar  the 
blast  is  applied.  The  cast  iron  flows  down  gradually,  and  collects  in  the  cruciUc ;  mow 
coke  being  added  as  the  first  quantity  burns  away.  This  operation  proceeds  by  it«elf; 
the  melted  metal  is  not  stirred  about,  as  in  some  modes  of  refinery,  and  the  tempmlure 
is  always  kept  hiarh  enough  to  preserve  the  metal  liquid.  During  this  stage  the  coaL« 
are  observed  continually  heaving  up,  a  movement  due  in  part  to  the  action  of  the  blast, 
and  in  part  to  an  expansion  caused  in  the  metal  by  the  discharge  of  gaseous  oxyde  of 
carbon.  When  all  the  pig  iron  is  collected  at  the  bottom  of  the  hearth,  which  happen* 
commonly  at  the  end  of  two  hours,  or  two  and  a  half,  the  tap  hole  is  opened,  and  the 
fine  metal  flows  out  with  the  slag,  into  the  loam-coated  pit,  on  a  plate  10  feet  Ions, 
3  broad,  and  from  2  inches  to  2|  thick.  A  portion  of  the  slag  fbrms  a  small  cra;^  on  the 
surface  of  the  metal ;  but  most  part  of  it  collects  in  a  basin  scooped  out  at  the  bottom  of 
the  pit,  into  which  the  fine  metal  is  run. 

A  large  quantity  of  water  is  thrown  on  the  fine  metal,  with  the  view  of  rendcriiur  it 
brittle,  and  perhaps  of  partially  oxydizing  it.  This  metal  suddenly  cooled,  is  very  white, 
and  possesses  in  general  a  fibrous  radiated  texture ;  or  sometimes  a  cellular,  inciudinga 
considerable  number  of  small  spherical  cavities,  like  a  decomposed  amygdaloid  rock.  If 
the  cast  iron  be  of  bad  quality,  a  little  limestone  is  occasionally  used  in  the  abote 
operation. 

Three  samples  of  cinder,  analyzed  by  Berthier,  gave. 

Silica  0-276;  protox.  of  iron,  0-612;  alumina,  0-040 ;  phosp.  acid,  0-072,  Dudley. 
_  0-368  —         0-610      —      0-015;  puddling  of  Dowlais. 

—  0-424  —         0-520      —      0-033 ;  ditto. 

The  remarkable  fact  of  the  presence  of  phosphoric  acid,  shows  how  important  this  oper- 
ation is  to  the  purification  of  the  iron.  The  charge  varies  from  a  ton  and  a  quarter  to  i 
ton  and  a  half  of  pigs;  and  the  loss  by  the  process  varies  from  12  to  17  per  cent. 

The  fine  metal  is  broken  into  fragments,  and  sent  to  the  puddling  furnace  after  the 
product  of  each  operation  has  been  weighed.  The  coal  consumed  in  the  fine  mettl 
process  is  from  4  to  5  hundred  weight  for  the  ton  of  cast  iron.  About  10  tons  nay  he 
refined  per  diem,  a  quantity  somewhat  greater  than  the  supply  from  a  blast  furnace ;  W 
the  fineries  are  not  worked  on  the  Sundays ;  and  therefore  a  smelting  furnace  jost  keeps 
one  of  them  in  play.  Whatever  care  be  taken  in  this  process,  the  bar  iioa  tbsOf 
resulting  is  never  so  good  as  if  wood  charcoal  had  been  used  in  the  refinery  (  and  beaee 
in  makiiig  sheet  iron  for  the  tin  plate  manufacture,  wood  charcoal  is  snbstitated  if 
coke  inone  W^eitalbliBhinieQt.  Thecastiion  treated  with  chaicoal^gHs  into  d0O 
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or  lumps  in  the  finery  fomace,  which  are  lifted  out,  set  under  the  hammer,  and  ^ttened 
into  thin  cakes. 

The  main  eflfect  of  the  finery  process,  is  probably  the  separation  of  the  plumbagi- 
nous part  of  the  charcoal,  which  is  disseminated  through  the  gray  cast  iron  in  a  state 
of  imperfect  chemical  combination.  When  that  is  removed  the  metal  becomes  more 
homogeneous,  having  no  crystalline  carbon  present  to  counteract  its  transition  into  pure 
iron ;  much  of  the  silica  and  manganese  are  also  vitrified  together,  and  nm  ofi*  in  the  finery 
cinder. 

2.  The;mdii/tiig/ttmaceisofthercverberatoryform.  It  is  bound  generally  with  iron, 
as  represented  in  the  side  view,  fig,  692,  by  means  of  horizontal  and  vertical  ban,  which 
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«re  joined  together  and  fixed  by  wedges,  to  prevent  them  from  starting  asunder.  Very 
frequently,  indeed,  the  reverberatory  fuinaces  are  armed  with  cast-iron  plates  over  their 
whole  surface.  These  are  retained  by  upright  bars  of  cast  iron  applied  to  the  side  walls, 
and  by  horizontal  bars  of  iron,  placed  across  the  arch  or  roof.  The  furnace  itself  is 
divided  interiorly  into  three  parts ;  ihe  firt-plact^  the  hearth,  and  the  flue.  The  fire-place 
varies  from  3|  to  4)  feet  long,  by  from  2  feet  8  inches  to  3  feet  4  inches  wide.  The  door 
way  by  which  the  coke  is  charged,  is  8  inches  square,  and  is  bevelled  off  towards  the  out- 
side of  the  furnace.  This  opening  consists  entirely  of  cast  iron,  and  has  a  quantity  of 
coal  gathered  round  it.  The  bars  df  the  fire  grate  are  moveable,  to  admit  of  more  readily 
clearing  them  from  ashes. 

Fig,  693  is  a  longitudinal  section  referring  to  the  elevation ;  fig,  692,  and  fig 694, 


te  a  ground  plan.  When  the  furnace  is  a  single  one,  a  square  hole  is  left  in  the  side  of 
the  fire-place  opposite  to  the  door,  through  which  the  rakes  are  introduced,  in  order  to  be 
heated. 

a  h  the  fire  door;  6,  the  grate;  c,  the  fire  bridge ;  d  d,  castriron  hearth  plates, resting 
upon  cast-iron  beams  e  e,  which  are  bolted  upon  both  sides  to  the  cast-iron  binding 
plates  of  the  fnmace.  /  is  the  hearth  covered  with  dndcrs  or  sand ;  g,  is  the  main 
worldng  door,  which  may  be  opened  and  shut  by  means  of  a  lever  g',  and  chain  to 
move  it  up  and  down.  In  this  large  door  there  is  a  hole  6  inches  square,  thnmgli 
which  the  iron  may  be  worked  with  the  paddles  or  nkci;  it  may  also  be  ebeed  on 
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in  order  to  prevent  the  metal  from  running  together  as  it  softens,  he  removes  it  from  the 
vicinity  of  the  fire-bridge.  When  the  whole  of  the  fine  metal  has  thus  got  reduced 
to  a  pasty  condition,  he  must  lower  the  temperature  of  the  furnace,  to  prevent  it  from 
becoming  more  fluid.  He  closes  the  damper,  takes  out  a  portion  of  the  fire,  and  the 
ribs  of  the  grate,  and  also  throws  a  little  water  sometimes  on  the  semi-fused  mass.  He 
then  works  about  with  his  paddle  the  clotty  metal,  which  swells  up,  with  the  discharge 
of  gaseous  oxyde  of  carbon,  burning  with  a  blue  flame,  as  if  the  bath  were  on  fire.  The 
metal  becomes  finer  by  degrees,  and  less  fusible ;  or  in  the  language  of  the  workmen,  it 
begins  to  get  dry.  The  disengagement  of  the  oxyde  of  carbon  diminishes,  and  soon 
stops.  The  workmen  contiuue  meanwhile  to  puddle  the  metal  tUl  the  whole  charge  be 
reduced  to  the  state  of  incoherent  sand ;  and  at  that  time,  the  ribs  of  the  grate  are 
replaced,  the  fire  is  restored,  and  the  register  is  progressively  opened  up.  With  the 
return  of  the  heat,  the  particles  of  metal  begin  to  agglutinate,  the  charge  becomes  more 
difficult  to  raise,  or  in  the  laborers^  language,  it  toorki  luaty.  The  refining  is  now 
finished,  and  nothing  remains  but  to  gather  the  iron  into  balls.  The  founder  with  his 
paddle  takes  now  a  little  lump  of  metal,  as  a  nucleus,  and  makes  it  roll  about  on  the 
surface  of  the  furnace,  so  as  to  collect  more  metal,  and  form  a  ball  of  about  60  or  7Q 
pounds  weight.  With  a  kind  of  rake,  called  in  England  a  dolly,  and  which  he  heats 
beforehand,  the  workman  sets  this  ball  on  that  side  of  the  furnace  most  exposed  to  the 
action  of  the  heat,  in  order  to  unite  its  different  particles ;  which  he  then  squeezes 
together  to  force  out  the  scorise.  When  all  the  balls  are  fashioned,  (they  take  about 
20  minutes  work,)  the  small  opening  of  the  working  door  is  closed  with  a  brick,  to  cause 
the  heat  to  rise,  and  to  facilitate  the  welding.  Each  ball  is  then  lifted  out,  either  with 
tongs,  if  roughing  rollers  are  to  be  used,  as  in  Wales,  or  with  an  iron  rod  welded  to  the 
lump  as  a  handle,  if  the  hammer  is  to  be  employed,  as  in  Staffordshire.  Thus  we  see 
that  the  operation  lasts  in  whole  from  2  hours  to  2| ;  in  a  quarter  of  an  hour,  the  fine 
metal  melts  at  its  edges,  when  the  puddling  begins,  in  order  to  efi^ect  its  division ;  at  the 
end  of  an  hour  or  an  hour  and  a  half,  the  metal  is  entirely  reduced  to  a  sand ;  a  state 
that  is  kept  up  for  hsdf  an  hour  by  continual  stirring ;  and  finally,  the  balling  operation 
takes  nearly  the  same  time. 

The  charge  for  each  operation  is  ft-om  3)  to  4  hundred  weight ;  and  sometimes  the 
cuttings  of  bar-ends  are  introduced,  which  are  puddled  apart.  The  loss  of  iron  is  here 
very  variable,  according  to  the  degree  of  skill  in  the  workman,  who  by  negligence  may 
suffer  a  considerable  body  of  iron  to  scorify  or  to  flow  into  the  hearth  and  raise  the  bot- 
tom. In  good  working,  the  loss  is  from  8  to  10  per  cent.  In  Wales,  the  consumption 
of  coal  is  estimated  at  one  ton  for  every  ton  of  fine  metal.  About  five  puddling  furnaces 
are  reiuired  for  the  service  of  one  smelting  furnace  and  one  finery.  The  hearth  of  the 
puddling  furnace  should  be  exposed  to  heat  for  12  hours  before  the  work  begins  on  the 
Mondays ;  and  on  the  Saturdays,  the  old  sole  must  be  cleared  out,  by  melting  it  off,  and 
running  it  out  by  the  floss-hole. 

Mr.  Schafthault  obtained,  in  May,  1835,  a  patent  for  the  conversion  of  cast  into 
wrought  iron,  by  adding  a  mixture  of  black  oxyde  of  manganese,  common  salt,  and 
potter's  clay,  in  certain  smaU  portions,  successively,  to  the  melting  iron  in  the  puddling 
furnace. 

The  reheriting  furnaces,  balling  furnaces,  or  mill  furnaces,  are  analogous  to  the  puddling 
furnaces,  but  only  of  larger  dimensions. 

The  wood  charcoal  forge  hearth  is  employed  for  working  up  scrap  iron  into  boQer  plate, 
&c.  Here  22  bushels  of  charcoal  are  consumed  in  making  one  ton  of  iron  of  that  descrip- 
tion, from  boiler  plate  parings. 

Machines  for  forging  and  condennng  the  iron. — In  England  there  are  employed  for  the 
fors^ing  and  drawing  out  of  the  iron,  cast-iron  hammers  of  great  weight,  and  cylinders  of 
different  dimensions,  for  beating  out  the  balls,  or  extending  the  iron  into  bars,  as  also 
powerful  shears.  These  several  mechanisms  are  moved  either  by  a  steam  engine,  as  in 
Staffordshire,  and  in  almost  all  the  other  counties  of  England,  or  by  water-wheels  when 
the  localities  are  favorable,  as  in  many  establishments  in  South  Wales.  We  shall  here 
offer  some  details  concerning  these  machines. 

The  main  driving  shaft  usually  carries  at  either  end  a  large  toothed  wheel,  which 
conununicates  motion  to  the  different  machines  through  smaller  toothed  wheels.  Of 
these,  there  are  commonly  six,  four  of  which  drive  four  different  systems  of  cylinders, 
and  the  two  others  work  the  hammer  and  the  shears.  The  different  cylinders  of  an  iron 
work  should  never  be  placed  on  the  same  arbor,  because  they  are  not  to  move  together, 
and  they  must  have  different  velocities,  according  to  their  diameter.  In  order  to  econo- 
mize time  and  facilitate  labor,  care  is  taken  to  associate  on  one  side  of  the  motive  ma- 
chine the  hammer,  the  shears,  and  the  reducing  cylinders ;  and  on  the  other  side  to  place 
the  several  systems  of  cylinders  for  drawing  out  the  iron  into  bars.  For  the  same  reason 
the  puddling  furnaces  ought  to  be  grouped  on  the  side  of  the  hammer ;  and  the  reheating 
furnaces  on  the  oUier  side  of  the  works. 
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labdinded  into  levenl  varieties,  according  to  the  patterns  of  bar  iron  that  are  nqniML 
Thete  may  vary  from  2  inches  square  tojiess  than  one  sixth  of  an  inch. 

Beneath  the  cylinders  there  is  usually  formed  an  oblong  fosse,  into  which  the  scoriae 
and  the  scales  fall  when  the  iron  is  compressed.  The  sides  of  this  fosse,  constructed  of 
stone,  are  founded  on  a  body  of  solid  masonry,  capable  of  supporting  the  enormous  load 
of  the  cylinders.  Beams  wood  form  in  some  measure  the  sides  of  this  pit,  to  which 
cylinders  may  be  made  fast,  by  securing  them  with  screws  and  bolts.  Massive  bars  of 
cast  iron  are  found,  however,  to  answer  still  better,  not  only  because  the  uprights  and 
bearers  may  be  more  solidly  fixed  to  them,  but  because  the  basement  of  heavy  metal  is 
more  difficult  to  shatter  or  displace,  an  accident  which  happens  frequently  to  the 
wooden  beams.  A  rill  of  water  is  supplied  by  a  pipe  to  each  pair  cylinders,  to 
hinder  them  from  getting  hot;  as  also  to  prevent  the  hot  iron  from  adhering  to  the 
cylinder,  by  cooling  its  surface,  and  perhaps  producing  on  it  a  slight  degree  of 
oxydizement. 

The  shafts  are  one  foot  in  diameter  for  the  hammer  and  the  roughing  rolls ;  and  six 
inches  where  they  conununicate  motion  to  the  cylinders  destined  to  draw  the  iron  into 
bars. 

The  roughing  rolU  are  employed  either  to  woric  out  the  lump  or  ball  immediately 
after  it  leaves  the  puddling  furnace,  as  in  the  Welsh  forges,  or  only  to  draw  out  the 
piece,  after  it  has  been  shaped  under  the  hammer,  as  is  practised  in  most  of  the  Stafford- 
shire establishments.  These  roughing  cylinders  are  generally  7  feet  long,  including 
the  trunnions,  or  5  feet  between  the  bearers,  and  18  inches  diameter;  and  weigh  in  the 
whole  from  4  to  tons.  They  contain  from  5  to  7  grooves,  commonly  of  an  elliptical 
form,  one  smaller  than  another  in  regular  progression,  as  is  seen  in  Jig,  597.  The  small 
axis  of  each  ellipse,  as  formed  by  the  union  of  the  upper  and  under  grooves,  is  always 
placed  in  the  vertical  direction,  and  is  equal  to  the  great  axis,  or  horizontal  axis  of  the 
succeeding  groove;  so  that  in  transferring  the  bar  from  one  groove  to  another,  it  must 
receive  a  quarter  of  a  revolution,  whereby  the  iron  gets  elongated  in  every  direction. 
Sometimes  the  roughing  rolls  serve  as  preparatory  cylinders,  in  which  case  they  bear 
towards  one  extremity  rectangular  grooves,  as  the  figure  exhibits.  Several  of  these 
large  grooves  are  bestudded  with  small  asperities  analogous  to  the  teeth  of  files,  for 
biting  the  lump  of  iron,  and  preventing  its  sliding.  On  a  level  with  the  under  side  of 
the  grooves  of  the  lower  cylinder,  there  is  a  plate  of  cast  iron  with  notches  in  its  edge 
adapted  to  the  grooves.  This  piece,  called  the  apron,  rests  on  iron  rods,  and  serves  to 
support  the  balls  and  bars  exposed  to  the  action  of  the  roUers,  and  to  receive  the  fragments 
of  iU-welded  metal,  which  fall  off  during  the  drawing.  The  housing  frames  in  which  the 
rollers  are  supported  and  revolve,  are  made  of  great  strength.  Their  height  is  5  feet ; 
their  thickness  is  1  foot  in  the  side  perpendicular  to  the  axis  of  the  cylinders,  and  10 
inches  in  the  other.  Each  pair  of  bearers  is  connected  at  their  upper  ends  by  two  iron 
rods,  on  which  the  workmen  rest  their  tongs  or  pincers  for  passing  the  liunp  or  bar  from 
one  side  of  the  cylinders  to  the  other. 

The  cods  or  bushes  are  each  composed  of  two  pieces ;  the  one  of  hard  brass,  which 
presents  a  cylindrical  notch,  is  framed  into  the  other  which  is  made  of  cast  iron,  as  is 
clearly  seen  in  Jig,  597. 

The  iron  bar  delivered  from  the  square  grooves,  is  cut  by  the  shears  into  short  lengths, 
which  are  collected  in  a  bundle  in  order  to  be  welded  together.  When  this  bundle  of 
bars  has  become  hot  enough  in  the  furnace,  it  is  conveyed  to  the  rollers ;  which  differ 
in  their  arrangement  according  as  they  are  meant  to  draw  iron  f^om  a  large  or  small 
piece.  The  first.  Jig.  597,  possess  both  elliptical  and  rectangular  grooves ;  are  1  foot 
in  diameter  and  3  feet  long  between  the  bearers.  The  bar  is  not  finished  under  these 
cylinders,  but  is  transferred  to  another  pair,  whose  grooves  have  the  dimensions  proper 
for  the  bar,  with  a  round,  triangular,  rectangular,  or  fillet  form.  The  triangular  grooves 
made  use  of  for  square  iron,  have  for  their  profile  an  isosceles  triangle,  slightly  obtuse, 
so  that  the  space  left  by  the  two  grooves  together  may  be  a  rhombus,  differing  little 
from  a  square,  and  whose  smaller  diagonal  is  vertical.  When  the  bar  is  to  be  passed 
successively  through  several  grooves  of  this  kind,  the  larger  or  horizontal  diagonal  of 
each  following  groove  is  made  equal  to  the  smaller  or  upright  of  the  preceding  one, 
whereby  the  iron  must  be  turned  one  fourth  round  at  each  successive  draught,  and  thus 
receive  pressure  in  opposite  directions.  Indeed,  the  bar  is  often  turned  in  succession 
through  the  triangular  and  rectangular  grooves,  that  its  fibres  may  be  more  accurately 
worked  together.  The  decrement  in  the  capacity  of  the  grooves  follows  the  proportion 
of  15  to  n  . 

When  it  is  intended  to  reduce  the  iron  to  a  small  rod,  the  cylinders  have  such  a  diam- 
eter, that  three  may  be  set  in  the  same  housing  fhune.  The  lower  and  middle  cylinders 
are  employed  as  roughing  roUers,  while  the  upper  and  middle  ones  are  made  to  diaw  ont 
the  rod.  When  a  rod  or  bar  is  to  be  (brawn  with  a  channel  or  gutter  in  its  fhce,  the 
grooves  of  the  rollers  are  suitably  fofmed. 
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To  draw  out  iqiuure  rods  of  a  Tery  gmaU  siie,  as  nail-rodfy  a  syitem  of  maD  roDoiii 
employed,  called  tlUten.    Their  ridges  are  sharp-edged,  and  enter  into  the  oppoiilc 
"^^  grooves  2|  inches  deep ;  so  that  the  flat  bsr  is 

patting  between  sach  roUers  is  instanttaeooilj 
divided  into  several  slips.    For  this  porpoK 


the  roUers 


msy  be 


put  on  and  removed  from  the  shaft  at  pka- 

sure. 

The  velocity  of  the  cjllnders  varies  wilk 
their  dimensions.  In  one  work,  cylinders  kt 
drawing  out  iron  of  from  one  third  to  tvo 
thirds  of  an  inch  thick,  make  140  revolotiou 
per  minute ;  while  those  for  iron  of  from  tvo 
thirds  of  an  inch  to  3  inches,  make  oaly  65. 
In  another  work,  the  cylinders  for  two  inck 
iron,  make  95  revolutions  per  minute ;  those 
for  iron  from  two  thirds  of  an  inch  to  aa  iadi 
and  a  third,  make  128;  and  those  for  btn 
from  one  third  to  two  thirds  of  an  inch,  ISO. 
The  roughing  roilm  move  with  only  one  thiid 
the  velocity  of  the  drawing  cylinders. 

The  shingling  and  pUte-roIUng  mill  is  rq>- 
resented  in  Jig.  697.  The  shingUng  mill,  ibr 
converting  the  blooms  from  the  biJling  for- 
nace  into  bars,  consists  of  two  sets  of  grooved 
cylinders,  the  first  being  called  puddling  rvUt 
or  rouffhing  rolU  i  the  second  are  for  rcdodng 
or  drawing  the  iron  into  mill-bars,  and  are 
called  simply  roU*. 

a,  a,  a,  a,  are  the  powerAil  upris^hts  or  slan<I- 
ards  called  housing  frames,  of  cast  iron,  in  which 
the  gudgeons  of  the  rolls  are  set  to  revolfe; 
6,  bf  by  by  arc  bolt  rods  for  binding  these  inune^ 
together  at  top  and  bottom ;  c,  are  the  rosghing 
rolls,  having  each  a  series  of  triangalar  grooves, 
such  that  between  those  of  the  upper  and 
under  cylinder,  rectangular  concavities  are 
formed  in  the  circumference  with  slightly 
sloping  sides.  The  end  groove  to  the  right 
of  c,  should  be  channelled  like  a  rough  file,  in 
order  to  take  the  better  hold  of  the  Uooms,  or 
to  bite  the  metal,  as  the  workmen  say ;  and  give 
it  the  preparatory  elongation  for  eatering  into 
and  i)assing  through  the  remaining  grooves 
till  it  comes  to  the  square  ones,  where  it  be- 
comes a  mill-bar.  d,  d,  are  the  smooth  cyl- 
inders, hardened  upon  the  surface,  or  diUtd 
^     JHf^  AS  it  is  called,  by  being  cast  in  iron  moukU, 

for  rolling  iron  into  plates  or  hoops,  f ,  c,  e,  f,  are  strong  screws  with  rectangular  threads 
which  work  by  means  of  a  wrench  or  key,  into  the  nuts  e'  e'  e'  e',  fixed  in  the  staodanis; 
tney  Ferve  to  reeulalc  the  height  of  the  plummer  blocks  or  bearers  of  the  gudgeons,  and 
thereby  the  di^lnnce  between  the  upper  and  under  cylinders.  /  is  a  junction  shall;  f, 
gy  gy  are  solid  coupling  boxes,  which  embrace  the  two  separate  ends  of  the  shafts,  and  njake 
Ihem  turn  together,  /i,  A,  are  junction  pinions,  whereby  motion  is  communicatcxi  from  the 
driving  shaf\  /,  through  the  under  pinion  to  the  upper  one,  and  thus  to  both  upper  and 
under  rolls  at  once,  t,  t,  are  the  pinion  standards  in  which  their  sbaAs  run ;  they  are 
smaller  than  the  uprights  of  the  rolls,  fc,  fc,  are  screws  for  fastening  the  head  pieces  I  to 
the  top  of  the  pmiou  slaudarAs.    M\       %\A.tkdaxd&  aro  provided  with  scde  platei  si, 
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whereby  they  are  screwed  to  the  foundation  beams  %,  of  wood  or  preferably  iroD,  as 
shown  by  dotted  lines ;  o  o  are  the  binding  screw  bolts.  Each  pair  of  rolls  at  woik  Is 
kept  cool  by  a  small  stream  of  water  let  down  upon  it  from  a  pipe  and  stop-cock. 

In  the  cylinder  drawing,  the  workman  who  holds  the  ball  in  tongs,  passes  it  into  the 
first  of  the  elliptical  grooves ;  and  a  second  workman  on  the  other  side  of  the  cylinders, 
receives  this  lump,  and  hands  it  over  to  the  first,  who  re-passes  it  between  the  rollers, 
after  bringing  them  somewhat  closer  to  each  other,  by  giving  a  turn  to  the  adjusting  pres- 
sure screws.  After  the  lump  has  passed  five  or  six  times  through  the  same  groove,  it  has 
got  an  elliptical  form,  and  is  called  in  England  a  bloom.  It  is  next  passed  through  a 
second  groove  of  less  size,  which  stretches  the  iron  bar.  In  this  state  it  is  subjected  to 
a  second  pair  of  cylinders,  by  which  the  iron  is  drawn  into  flat  bars,  4  inches  broad  and 
half  an  inch  thick.  Fragments  of  the  ball  or  bloom  fall  round  about  the  cylinders ; 
which  are  aAerwards  added  to  the  puddling  charge.  In  a  minute  and  a  half,  the  rude  lump 
is  transformed  into  bars,  vrith  a  neatness  and  rapidity  which  the  inexperienced  eye  can 
hardly  follow.  A  steam  engine  of  thirty-horse  power  can  rough  down  in  a  week,  200  tons 
of  coarse  iron. 

This  iron,  called  mill-bar  iron,  is  however  of  too  inferior  a  quality  to  be  employed  in 
any  machinery;  and  it  is  subjected  to  another  operation,  which  consists  in  welding 
several  pieces  together,  and  working  them  into  a  mass  of  the  desired  quality.  The  iron 
bars,  while  still  hot,  are  cut  by  the  shears  into  a  length  proportional  to  the  size  of  iron 
bar  that  is  wanted ;  and  four  rows  of  these  are  usually  laid  over  each  other  into  a  heap 
or  pile,  which  is  placed  in  the  re-heating  furnace  above  described,  and  exposed  to  a  firee 
circulation  of  heat ;  one  pile  being  set  crossvnse  over  another.  In  a  half  or  three 
quarters  of  an  hour,  the  iron  is  hot  enough,  and  the  pieces  now  sticking  together,  are 
carried  in  successive  piles  to  the  bar-drawing  cylinders,  to  be  converted  into  strong  bars, 
which  are  reckoned  of  middle  quality.  When  a  very  tough  iron  is  wanted,  as  for  anchors, 
another  welding  and  rolling  must  be  given.  In  the  re-heating  ovens,  the  loss  is  fh>m  8 
to  10  per  cent,  on  the  kirge  bar  iron,  and  from  10  to  12  in  smaller  work.  A  ton  of  iron  con- 
sumes in  this  process  about  150  lbs.  of  coals. 

It  is  thought  by  many  that  a  purer  iion  is  obtained  by  subjecting  the  balls  as  they 
come  out  of  the  puddling  furnace,  to  the  action  of  the  hanuner  at  first,  than  to  the 
roughing  rollers ;  and  that  by  the  latter  process  vitrified  specks  remain  in  the  metal,  which 
the  hammer  expels.  Hence,  in  some  works,  the  balls  are  first  worked  under  the  forge- 
hammer  ;  and  these  stampings  being  afterwards  heated  in  the  form  of  pies  or  cakes  piled 
over  each  other,  are  passed  through  the  roughing  rollers. 

Having  given  ample  details  concerning  the  manufacturing  processes  used  in  England 
fbr  making  cast  iron,  it  may  be  proper  to  subjoin  a  few  ol^rvations  upon  its  chemical 
constitution.  It  has  been  generally  believed  and  taught  that  the  daric  gray  cast  iron. 
No.  1  or  No.  2,  contains  more  carbon  than  the  white  cast  iron ;  and  that  the  superior 
quality  of  the  former  in  tenacity  and  softness,  is  to  be  ascribed  to  that  excess.  But 
the  distinguished  German  metallurgist,  M.  Karsten,  in  his  instructive  volume,  "  Hand- 
buch  der  Eisenhuttenkunde,"  or  manuad  of  the  art  of  smelting  iron  ores,  has  proved,  on 
the  contrary,  that  the  white  cast  iron  contains  most  charcoal ;  that  this  substance  exists 
in  it  in  a  state  of  combination  with  the  whole  body  of  the  iron ;  that  the  foliated  or  la- 
mellar white  cast  iron  contains  as  much  carbon  as  iron  can  absorb  in  the  liquid  state;  and 
that  this  constitutes  a  compound  of  4  atoms  of  iron  combined  with  1  of  charcoal,  or  1 12-{-6 ; 
or  5}  per  cent. ;  whereas  the  dark  gray  cast  iron  contains  generaUy  from  3  to  4  per 
cent.,  in  the  state  of  plumbago  merely  dispersed  through  the  metal.  He  has  further 
confirmed  his  opinion,  by  causing  the  white  variety  to  pass  into  the  gray,  and  recipro- 
cally. Thus,  dark  gray  cast  metal  melted  and  suddenly  cooled,  gives  a  silvery  white 
metal,  hard  and  brittle.  On  the  other  hand,  when  the  white  cast  iron  is  cooled  very 
slowly  after  fusion,  the  condition  of  the  carbon  in  it  changes,  and  a  dark  gray  cast  iron 
is  obtained.  These  phenomena  show  that  the  graphite  or  plumbago,  which  requires  a 
high  temperature  for  its  formation,  cannot  be  produced  but  by  a  slow  cooling,  which  al- 
lows the  carbon  to  agglomerate  itself  in  the  iron  in  the  state  of  graphite ;  while  under  a 
rapid  congelation,  the  carbon  remains  dissolved  in  the  mass,  and  produces  a  white  metal. 
Hence  we  may  understand  how  each  successive  fusion  of  dark  gray  iron  hardens  and  whitens 
it,  thous^h  in  contact  with  coke,  by  completing  that  chemical  dissolution  of  the  carbon  on 
which  the  white  state  depends. 

In  the  manufacture  of  the  blackest  No.  1  cast  iron,  it  sometimes  happens  that  a  con- 
siderable quantity  of  a  glistening  carburet  of  iron  appears,  floating  on  the  top  of  the 
metal  as  it  is  run  out  into  the  sand-moulds.  This  substance  is  called  ki^  by  the 
English  workmen ;  and  it  affords  a  sure  test  of  the  good  state  of  the  furnace  and  quality 
of  the  iron. 

The  most  remarkable  fact  relative  to  the  smelting  of  cast  iron,  is  the  difference  of  pro- 
duct between  the  workings  of  the  sammer  and  the  winter  season,  though  all  the  materials 
and  machinery  be  the  same.   In  fact,  no  cold-blast  furnace  will  carry  so  great  a  bniden 
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U  somiBer  as  in  winter,  that  is,  affoard  so  great  a  product  of  metal,  or  bear  to  great  a 

dMirge  of  ore  with  the  same  quantity  of  coke.  This  difference  is  undoubtedly  doe  to  the 
dilated  and  humid  state  of  the  atmosphere  in  the  warm  season.  A  Tery  competent  jndge 
of  this  matter,  states  the  diminution  in  summer  at  from  one  fifth  to  one  seTenth,  indepen- 
dently of  deterioration  of  quality. 

Some  of  the  foreign  irons,  particularly  certain  Swedish  and  Russian  bars,  are  in. 
ported  into  Great  Britain  in  large  quantities,  and  at  prices  much  greater  than  those  ctf 
the  English  bars,  and  therefore  the  inodes  of  manufacturing  such  excellent  metal  desene 
examinatiun.  All  the  best  English  cast  steel,  indeed,  is  made  from  the  hoop  L  iron  frco 
Dannemora,  in  Sweden. 

The  processes  pursued  in  the  smelting  woilcs  of  the  Continent  have  friequently  in  Tiew 
to  obtain  from  the  ore  malleable  iron  directly,  in  a  pure  or  nearly  pure  state.  The  furnaces 
used  for  this  purpose  are  of  two  kinds,  called  in  French,  1.  Fewc  de  Ixmpes,  or  Forgo 
Catalanes ;  and  2.  Foumtaux  ik  yiice,  or  Forgit  jSUemanidet, 

In  the  Catalan,  or  French  method,  the  ore  preriously  roasted  in  a  Idln  is  afterwards 
strongly  torrefied  in  the  fbrge  before  the  smelting  begins ;' operations  whieh  follow  in 
immediate  succession.  Ores  treated  in  this  way  should  be  very  fusible  and  Tery  ridi; 
such  as  black  oxyde  of  iron,  hematites,  and  certain  spathose  iron  ores.  From  100 
parts  of  ore,  50  of  metallic  iron  have  been  procured,  but  the  average  product  is  35. 
The  furnaces  employed  are  rectangular  hearths,  fig*.  699,  and  600,  the  water-blows^ 


machine  being  employed  to  give  the  blast.  See  METAxxuaoT.  There  are  three 
varieties  of  this  forsre ;  the  Catalan,  the  Navarrese,  and  the  Biscayan.    The  dimensioat 

of  ihf  first,  I h«*  one  most  trenerally  employed,  are  as  follows :  21  inches  long,  in  the 
direction  ^)00 ;  18^  broad,  at  the  bottom  of  the  hearth  or  crcusei,  in  the  line 

A  « ;  and  17  inches  deep,  5fM».  The  tuy<  re,  q  /»,  is  placed  9^  inches  above  the  bottom, 
so  that  its  axis  is  directed  towards  the  opposite  side,  about  2  inches  above  the  bottom- 
But  it  must  be  moveable,  as  its  inclination  needs  to  be  changed,  according  to  the  stage 
of  the  operation,  or  the  quantity  of  the  ores.  It  is  oAen  raised  or  lowered  with  pellets 
of  clay;  ond  even  with  a  graduated  circle,  for  the  workmen  make  a  great  mystery  of 
this  matter.  The  hearth  is  lined  with  a  layer  of  brasqiu  (loam  and  charcoal  dust 
worked  together),  and  the  ore  after  beins;  roasted  is  sifted ;  the  small  powder  being  set 
aside  to  be  used  in  the  course  of  the  operation.  The  ore  is  piled  up  on  the  side  opposite 
to  the  blast  in  a  sharp  saddle  ridiie,  and  it  occupies  one  third  of  the  furnace.  In  the  re- 
niaininu  space  of  two  thirds,  the  charcoal  is  put.  To  solidify  the  small  ore  on  the  hearth, 
it  is  covered  with  moist  cinders  mixed  with  clay. 

The  fire  is  urjjed  with  moderation  during  the  first  two  hours,  the  workman  being 
continually  employed  in  pressing  down  more  charcoal  as  the  former  supply  bums 
.away,  so  as  to  keep  the  space  full,  and  prevent  the  ore  from  crurabling  down.  By  a 
blast  so  tempered  at  the  beginning,  the  ore  gets  well  calcined,  and  partially  reduced  in 
the  way  of  cementation.  But  after  two  hours,  the  full  force  of  the  air  is  given; 
at  which  period  the  fusion  ouijht  to  commence.  It  is  easy  to  see  whether  the  torre- 
faction  be  sufficiently  advanced,  by  the  aspect  of  the  flame,  as  well  as  of  the  ore, 
which  becomes  spongy  or  cavernous;  and  the  workman  now  completes  the  fusion,  by 
detaching  the  pieces  of  ore  from  the  bottom,  and  placing  them  in  front  of  the  tuyere. 
When  the  fine  siftini?s  are  afterwards  thrown  upon  the  top,  tljcy  must  be  watered, 
to  prcvj  nt  tlieir  bein?  blown  aw-ay,  and  to  keep  them  evenly  spread  over  the  whole 
surface  of  the  liirht  fuel.  They  increase  the  quantity  of  the  products,  and  give  a  proper 
fusibility  to  the  scoria?.  When  the  scorice  are  viscid,  the  quantity  of  siflings  must  be 
diminished  ;  but  if  thin,  they  must  be  increased.  The  excess  of  slag  is  allowed  to  nm  off 
by  the  chio  or  floss  hole.  The  process  lasts  from  five  to  sLx  hours,  after  which  the  pasty 
mass  is  taken  out,  and  placed  under  a  hammer  to  be  cut  into  lumps,  which  are  aftcrwaids 
forged  into  bars. 

Each  mass  presents  a  mixed  variety  of  iron  and  steel ;  in  proportions  which  may 
be  modified  at  pleasure  ;  for  by  using  much  of  the  siflings,  and  making  the  tuyere  dip 
towards  the  sole  of  the  hearth,  iron  is  the  chief  product ;  but  if  the  operation  be  con- 
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ducted  slowly,  with  a  small  quantity  of  siAings,  and  an  upraised  tny^,  the  quantity 
of  steel  is  more  considerable.  This  primitive  process  is  favorably  spoken  of  by  M. 
Brongniart.  The  weight  of  the  lump  of  metal  varies  from  200  to  400  pounds.  As  the 
consumption  of  charcoal  is  very  great,  amounting  in  the  Palatinate  or  Rheinkreis  to 
seven  times  the  weight  of  iron  obtained,  though  in  the  Pyrenees  it  .is  only  thrice,  the 
Catalan  forge  can  be  profitably  employed  only  where  wood  is  exceedingly  cheap  and 
abundant.  ^ 

The  Foumeaux  d  pitce  of  the  French,  or  Stwk-ofen  of  the  Germans,  resembles  fig.  313 
(Copper)  ;  the  tuyere  (not  shown  there)  having  a  dip  towards  the  bottom  of  the  hearth^ 
where  the  smelted  matter  collects.  When  the  operation  is  finished,  that  is,  at  least 
once  in  every  24  hours,  one  of  the  sides  of  the  hearth  must  be  demolished,  to  take 
out  the  pasty  mass  of  iron,  more  or  less  pure.  This  furnace  holds  a  middle  place'  in  the 
treatment  of  iron,  between  the  Catalan  forge  and  the  cast-iron  Jlo9»-ofeny  or  high-blast 
furnaces.  The  stuck-o/en  are  from  10  to  15  feet  high,  and  about  3  feet  in  diameter  at 
the  hearth.  Most  usually  there  is  only  one  aperture  for  the  tuyert  and  for  working  i 
with  a  small  one  for  the  escape  of  the  idag ;  on  which  account,  the  bellows  are  removed 
to  make  way  for  the  lifting  out  of  the  lump  of  metal,  which  is  done  through  an  opening 
left  on  a  level  with  the  sole,  temporarily  closed  with  bricks  and  potters'  day,  whUe  the 
furnace  is  in  action. 

This  outlet  being  closed,  and  the  furnace  filled  with  charcoal,  fire  is  kindled  at  the 
bottom.  Whenever  the  whole  is  in  combustion,  the  roasted  ore  is  introduced  at  the  top 
in  alternate  charges  with  charcoal,  till  the  proper  quantity  has  been  introduced.  The  ore 
falls  down ;  and  whenever  it  comes  opposite  to  the  tuyere  the  slag  begins  to  flow,  and  the 
iron  drops  down  and  collects  at  the  bottom  of  the  hearth  into  the  mass  or  stuck ;  and  in 
proportion  as  this  mass  inpreases,  the  Jloss-hole  for  the  slag  and  the  tuyere  is  raised 
higher.  When  the  quantity  of  iron  accumulated  in  the  hearth  is  judged  to  be  sufficient, 
the  bellows  are  stopped,  the  scorise  arc  raked  ofi^,  the  little  brick  wall  is  taken  down,  and 
the  mass  of  iron  is  removed  by  rakes  and  tongs.  This  mass  is  then  flattened  under  the 
hammer,  into  a  ciake  from  3  to  4  inches  thick,  and  is  cut  into  two  lumps,  which  are  sub- 
mitted to  a  new  operation ;  where  it  is  treated  in  a  peculiar  reflnery,  lined  with  charcoal 
^a9que,  and  exposed  to  a  nearly  horizontal  blast.  The  above  mass,  seized  in  the  jawi 
if  a  powerful  tongs,  is  heated  before  the  tuyere ;  a  portion  of  the  metal  flows  down  to  the 
bottom  of  the  hearth,  loses  its  carbon  in  a  bath  of  rich  slags  or  fused  oxydes,  and  forms 
thereby  a  mass  of  iron  thoroughly  refined.  The  portion  that  remains  in  the  tongs  fur- 
nishes steel,  which  is  drawn  out  into  bars. 

This  process  is  employed  in  Camiola  for  smelting  a  granular  oxyde  of  iron.  The  mass 
or  stuck  amounts  to  (rom  15  to  20  hundred  weight,  afler  each  operation  of  24  hours. 
Eight  strong  men  are  required  to  liA  it  out,  and  to  carry  it  under  a  large  hammer,  where 
it  is  cut  into  pieces  of  about  1  cwt.  each.  These  are  afterwards  refined  and  drawn  into 
bars  as  above  described.  These  ftimaces  are  now  almost  generally  abandoned  on  the 
Continent,  in  favor  of  charcoal  high  or  blast  furnaces. 

Fig.  313  represents  a  shachtofen  (but  without  the  tuyere,  which  may  be  supposed  to  be 
in  the  usual  place),  and  is,  like  all  the  continental  Hauls  Foumeaux,  remarkable  for  the 
excessive  thickness  of  its  masonry.  The  charge  is  put  in  at  the  throat,  near  the  summit 
of  the  octagonal  or  square  concavity,  for  they  are  made  of  both  forms.  At  the  bottom 
of  the  hearth  there  is  a  dam-stone  with  its  plate,  for  permitting  the  overflow  of  the  slag^ 
while  it  confines  the  subjacent  fluid  metal ;  as  well  as  a  tymp-stone  with  its  plate,  which 
forms  the  key  to  the  front  of  the  hearth ;  the  boshes  are  a  wide  ftmnel,  almost  flat,  to 
obstruct  the  easy  descent  of  the  charges,  whereby  the  smelting  with  charcoal  would  pro- 
ceed too  rapidly.  The  bottom  of  the  hearth  is  constructed  of  two  large  stones,  and 
the  hinder  part  of  one  great  stone,  called  in  German,  riickstein  (black  stone),  which  the 
French  have  corrupted  into  rustine.  In  other  countries  of  the  Continent,  the  boshes  are 
ft-eqnently  a  good  deal  more  tapered  downwards,  and  the  hearth  is  larger  than  here  rep- 
resented. The  refractory  nature  of  the  Hartz  iron  ores  is  the  reason  assigned  for  this 
peculiarity. 

In  Sweden  there  are  blast-furnaces,  schachtofen,  35  feet  in  height,  measured  from  the 
boshes  above  the  line  of  the  hearth,  or  creuset.  Their  cavity  has  the  form  of  an  elonga- 
ted ellipse,  whose  small  diameter  is  8  feet  across,  at  a  height  of  14  feet  above  the  bottom 
of  the  hearth ;  hence,  at  this  part,  the  interior  space  constitutes  a  belly,  corresponding 
with  the  upper  part  of  the  boshes.  In  other  respects,  the  details  of  the  constructign  of 
the  Swedish  furnaces  resemble  the  one  figured  above.  Marcher  relates  that  a  fujmace  of 
that  kind,  whose  height  was  only  30  feet,  in  which  ^rown  hydrate  of  iron  (hetnatiie)  was 
snlelted,  yielded  47  per  cent,  in  cast-iron,  at  the  rate  of  5  hundred  weight  a  day,  or  36 
hundred  weight  one  week  after  another ;  and  that  in  the  production  of  100  pounds  of 
cast-iron,  130  pounds  of  charcoal  were  consumed.  That  f\imace  was  worked  with  ibrft 
bellows,  mounted  with  leather. 
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dizement  and  reduction  to  metal  by  exposure  to  charcoal  or  carbureted  Tapors.  3.  The 
melting,  agglutination,  and  refining  of  the  metal  to  fit  it  for  the  heavy  liammers  where 
it  gets  nerve.  There  are  several  forges  in  which  these  three  operations  aeem  to  be  eon- 
founded  into  a  single  one,  because,  although  still  successive,  Uiey  are  practised  at  oae 
single  heating  without  interruption.  In  other  forges,  the  processes  are  perfonned  sepa- 
rately, or  an  interval  elapses  between  each  stage  of  the  work.  Three  systems  of  thif 
hind  are  known  to  exist 1.  The  Corsican  method ;  2.  The  Catalan  with  wood  char- 
coal ;  and  3.  The  Catalan  with  coke. 

The  furnaces  of  Corsica  are  a  kind  of  semicircular  basins,  18  inches  ia  diameter,  sad 
6  inches  deep.  These  are  excavated  in  an  area,  or  a  small  elevation  of  masonry,  8  or  10 
feet  long  by  5  or  6  broad,  and  covered  in  with  a  chimney.  This  area  is  quite  similar  to 
that  of  the  ordinary  hearths  of  our  blast-furnaces. 

The  tuyere  stands  5  or  6  inches  above  the  basin,  and  has  a  slight  indinatioo  down- 
wards. In  Corsica,  and  the  whole  portion  of  Italy  adjoining  the  Mediterranean  shores, 
the  iron  ore  is  an  oxyde  similar  to  the  specular  ore  of  the  Ide  of  Elba.  This  ore  eoa- 
tains  a  little  water,  some  carbonic  acid,  occasionally  pyrites,  but  in  small  quantity.  Be- 
fore deoxydizing  the  ore,  it  is  requisite  to  expel  the  water  and  carbonic  aeki  "^nr}^^ 
with  the  oxyde,  as  well  as  the  sulphur  of  the  pyrites. 

The  operations  of  roasting,  reduction,  l\ision,  and  agglutination,  are  ezeeated  m  the 
same  (lurnace.  These  are  indeed  divided  into  two  stages,  but  the  one  is  a  oantinQStkn 
of  the  other.  In  the  first,  the  two  primary  operations  are  performed  at  once;— the 
reduction  of  a  portion  of  the  roasted  ore  is  begun  at  the  same  time  that  a  pottioa  cf 
the  raw  ore  is  roasted :  these  two  substances  are  ailerwards  separated.  In  the  second 
stage,  the  deoxydizement  of  the  metal  is  continued,  which  had  bc^gan  in  the  preceding 
stage ;  it  is  then  melted  and  agglutinated,  so  as  to  form  a  ball  to  be  sabmitted  to  the 
forge-hanuner. 

The  roasted  pieces  are  broken  down  to  the  size  of  nats,  to  make  the  redaction  of  the 
metal  easier.  In  executing  the  first  step,  the  basin  and  area  of  the  fiirnace  most  be 
lined  with  a  bnuqtu  of  charcoal  dust,  3,  4,  or  even  6  inches  thick :  over  this  broMfti  a 
mound  is  raised  wilh  lumps  of  charcoal,  very  hard,  and  4  or  6  indies  high.  A  sosi- 
eurde  is  formed  round  the  tuydre,  the  inner  radius  of  which  is  5  or  6  inches.  This  mssi 
of  charcoal  is  next  surrounded  with  another  pile  of  the  roasted  and  hixikea  ore%  which 
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must  be  covered  with  charcoal  dast.  The  whole  is  sustained  with  large  blocks  of  the 
raw  ore,  which  form  externally  a  third  wall. 

These  three  piles  of  charcoal,  with  roasted  and  unroasted  ore,  are  raised  in  three  sne- 
cessive  beds,  each  7  inches  thick :  they  are  separated  from  each  other  by  a  layer  of  char- 
coal dust  of  about  an  inch,  which  makes  the  whole  24  inches  high.  .This  is  afterwards 
coYcred  over  with  a  thick  coat  of'pounded  charcoal. 

The  blocks  of  raw  ore  which  compose  the  outward  wall  form  a  slope ;  the  larger  and 
stronger  pieces  are  at  the  bottom,  and  the  smaller  in  the  upper  part.  The  large  blocks 
are  sunk  very  firmly  into  the  charcoal  dust,  to  enable  them  better  to  resist  the  pressure 
from  within. 

On  the  bottom  of  the  semicircular  well  formed  within  the  charcoal  lumps,  kindled  pieces 
are  thrown,  and  over  these,  pieces  of  black  charcoal ;  after  which  the  blast  of  a  water- 
blowing  machine  (trompe)  is  given.  The  fire  is  kept  up  by  constantly  throwing  char- 
coal into  the  central  well.  At  the  beginning  of  the  operation  it  is  thrust  down  with 
wooden  rods,  lest  it  should  afiecl  the  building ;  but  when  the  heat  becomes  too  intense 
for  the  workmen  to  come  so  near  the  hearth,  a  long  iron  rake  is  employed  for  the  pur- 
pose. At  the  end  of  about  3  hours,  the  two  processes  of  roasting  and  reduction  are  com- 
monly finished  :  then  the  raw  ore  no  longer  exhales  any  ftimes,  and  the  roasted  ore,  being 
softened,  unites  into  lumps  more  or  less  coherent. 

The  workman  now  removes  the  blocks  of  roasted  ore  which  form  the  outer  casing, 
roUs  them  to  the  spot  where  they  are  to  be  broken  into  small  pieces,  and  pulls  down  the 
brusque  (small  charcoal)  which  surrounds  the  mass  of  reduced  ore. 

The  second  operation  is  executed  by  cleaning  the  basin,  removing  the  slags,  covering 
the  basin  anew  with  2  or  3  brasques  (coats  of  pounded  charcoal),  and  piling  up  to  the 
rijght  and  the  left,  two  heaps  of  charcoal  dust.  Into  the  interval  between  these  conical 
pUcs  two  or  three  baskets  of  charcoal  are  cast,  and  on  its  top  some  cakes  of  the  reduced 
crude  metal  being  laid,  the  blast  is  resumed.  The  cakes,  as  they  heat,  undergo  a  sort 
of  liquation,  or  sweating,  by  the  action  of  the  earthy  glasses  on  the  unreduced  black 
oxyde  present.  Very  fusible  slags  flow  down  through  the  mass ;  and  the  iron,  reduced 
and  melted,  passes  finally  through  the  coals,  and  falls  into  the  sls^  basin  below.  To  the 
first  parcel  of  cakes,  others  are  added  in  succession.  In  proportion  as  the  slags  pro- 
ceeding from  these  run  down,  and  the  melted  iron  falls  to  the  bottom,  the  thin  slag  is  run 
off  by  an  upper  overflow  or  chio  hole,  and  the  reduced  iron  kept  by  the  heat  in  the  pasty 
condition,  remains  in  the  basin :  all  its  parts  get  agglutinated,  forming  a  soft  mass,  which 
is  removed  by  means  of  a  hooked  pole  in  order  to  be  forged.  Each  lump  or  6^oom  of 
malleable  iron  requires  3  hours  and  a  half  for  its  production. 

The  iron  obtained  by  this  process  is  in  general  soft,  very  malleable,  and  but  little 
steely.  In  Corsica  four  workmen  are  employed  at  one  forge.  The  produce  of  their 
labor  is  only  about  4  cwts.  of  iron  from  10  cwts.  of  ore  and  20  of  charcoal,  mingled 
with  wood  of  beech  and  chestnut.  Though  their  ore  contains  on  an  average  65  per  cent, 
of  iron,  only  about  40  parts  are  extracted ;  evincing  a  prodigious  waste,  which  remains 
in  the  slags. 

The  difference  between  the  Corsican  and  the  Catalonian  methods  consists  in  the  latter 
roasting  the  ore  at  a  distinct  operation,  and  employing  a  second  one  in  the  reduction, 
agglutination,  and  refining  of  the  metal.  In  the  Catalonian  forges,  100  pounds  of  iron 
are  obtained  from  300  pounds  of  ore  and  310  pounds  of  charcoal;  being  a  produce  of 
only^3  per  cent.  It  may  be  concluded  that  there  is  a  notable  loss,  since  the  sparry  iron 
ores,  which  are  those  principally  smelted,  contain  on  an  average  fjnm  54  to  56  per  cent, 
of  iron.  The  same  ores,  smelted  in  the  ordinary  blast  furnace,  produce  about  45  per  cent 
of  cast  iron. 

On  the  Continent,  iron  is  frequently  refined  from  the  cast  metal  of  the  blast  ftur- 
naces  by  three  operations,  in  three  diOferent  ways.  In  one,  the  pig  being  melted, 
with  aspersion  of  water,  a  cake  is  obtained,  which  is  again  melted  in  order  to  form 
a  second  cake.  This  being  treated  in  the  refinery  fire,  is  then  worked  into  a  bloom,  Jn 
another  system,  the  pig  iron  is  melted  and  cast  into  plates  :  these  are  melted  anew  in 
order  to  obtain  crude  balls,  which  are  finally  worked  into  blooms.  In  a  third  mode  of 
manufacture,  the  pig-iron  is  melted  and  cast  into  plates,  which  are  roasted,  and  then  strongly 
heated,  to  form  a  bloom. 

The  French  ftisible  ores,  such  as  the  silicates  of  iron,  are  very  apt  to  smelt  into  whit^ 
cast  iron .  An  excess  of  fluxes,  light  charcoals,  too  strong  a  blast,  produce  the  same  results. 
A  surcharge  of  ores  which  deranges  the  furnace  and  affords  impure  slags  mixed  with 
much  iron,  too  rapid  a  slope  in  the  boshes,  too  low  a  degree  of  heat,  and  too  great  con- 
densation of  the  materials  in  ^e  upper  part  of  the  furnace ;  all  tend  also  to  produce  a- 
white  cast  iron.  In  its  state  of  perfection,  white  cast  iron  has  a  silver  color,  and  a 
bright  met^c  lustre.  It  is  employed  frequently  in  Germany  for  the  manufacture  of 
steel,  and  is  then  called  itedjloti,  or  lamellar  flasi,  a  title  which  it  still  retains,  though  it 
be  hardly  alver  white^  and  have  ceased  to  be  foliated.  When  its  color  takes  a  bhiiili- 
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•nd  a  chisel  into  4  or  6  pieces,  which  are  reheated,  one  after  another,  in  the  same  refinery 
fire,  in  order  to  be  forged  into  bars,  while  another  pig  of  cast  iron  is  laid  in  its  place,  to 
prepare  for  the  formation  of  a  new  bloom.  The  above  process  is  called  by  the  Germans 
khmp-friifheny  or  lamp-refining.  It  differs  from  the  durfMrndi-frischtny  because  in  the 
letter,  the  lump  is  not  turned  over  in  mass,  but  is  broken,  and  exposed  in  separate  pieces 
anccessively  to  the  refining  power  of  the  blast  near  the  tuydre.  The  French  call  this  af. 
ftnagt  par  portiont ;  it  is  much  lighter  work  than  the  other. 

The  quality  of  the  iron  is  tried  in  various  ways;  as  first,  by  raising  a  bar  by  one  end, 
with  the  two  hands  over  one's  head,  and  bringing  it  forcibly  down  to  strike  across  a  nar- 
row anvil  at  its  centre  of  percussion,  or  one  third,  from  the  other  extremity  of  the  bar ;  afler 
which  it  may  be  bent  backwards  and  forwards  at  the  place  of  percussion  several  times ; 
2.  a  heavy  bar  may  be  laid  obliquely  over  props  near  its  end,  and  struck  strongly  with  a 
luunmer  with  a  narrow  pane,  so  as  to  curve  it  in  opposite  directions ;  or  wh&e  heated 
to  redness,  they  may  be  kneed  backwards  and  forwards  at  the  same  spot,  on  the  edge  of 
the  anvil.  This  is  a  severe  tria^  which  the  hoop  L,  Swedish  iron,  bears  surprisingly, 
emitting  as  it  is  hammered,  a  phosphoric  odor,  peculiar  to  it  and  to  the  bar  iron  of 
Ulverstone,  whiclvilso  resembles  it,  in  furnishing  a  good  steeL  The  forging  of  a  horse- 
shoe is  reckoned  a  good  criterion  of  the  quality  d  iron.  Its  freedom  from  flaws  is 
detected  by  the  above  modes ;  and  its  linear  strength  may  be  determined  by  suspending 
a  scale  to  the  lower  end  of  a  hard-drawn  wire,  of  a  given  size,  and  adding  weights  tiU 
the  wire  breaks.  The  treatises  of  Barlow  and  Tredgold  may  be  consulted  with  advan- 
tage on  the  methods  of  proving  the  strength  of  different  kinds  of  iron,  in  a  great  variety 
of  circumstances. 

Steel  of  cementation,  or  bUstered  steel  and  cast  steel,  are  treated  under  the  article  Steel. 
But  since  in  the  conversion  of  cast  iron  into  wrought  iron,  by  a  very  slight  difference  in 
the  manipulations,  a  species  of  steel  may  be  produced  called  naiural  stul,  1  shall  describe 
this  process  here. 

Fig.  603  is  a  view  of  the  celebrated  steel  iron  works,  called  Konigshutte,  (king*s-forge)y 
in  Upper  Silesia,  being  one  of  the  best  arranged  in  Germany,  for  smelting  iron  ore  by 
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means  of  coke.  The  front  shown  here  is  about  400  English  feet  long,  a  a  are  two  Uast 
furnaces.  A  third  blast  furnace,  all  like  the  English,  is  situated  to  the  left  of  one  of  the 
towers  b,  6  6  are  the  charging  towers,  into  which  the  ore  is  raised  by  machinery  Ifrom 
the  level  of  the  store-houses  /  /,  up  to  the  mouth  of  the  furnaces  aa;  c  c  point  to  the 
positions  of  the  boilers  of  the  two  steam  engines,  which  drive  two  cylinder  bellows  at  /. 
nnn n  are  arched  cellars  placed  below  the  store-houses  / /,  for  containing  materials  and 
tools  necessary  for  the  establishment. 
Figs,  599,  604,  are  vertical  sections  of  the  forge  of  Kdnigshfltte,  for  making  natural 

steel ;  fig.  599  being  drawn  in  the  line  a  b  of 
the  plan,  fig.  600.  a  is  the  bottom  of  the  hearth, 
consisting  of  a  fire-proof  gritstone ;  6  is  a  space 
filled  with  small  charcoal,  damped  with  water, 
under  which,  at  n,  in  fig.  604,  is  a  bed  of  well 
rammed  day ;  d  is  a  plate  of  east  iron,  which  lines 
the  side  of  the  hearth  called  ruckstein  (backstone) 
in  German,  and  corrupted  by  the  French  into 
rustine ;  /  is  the  plate  of  the  counter-blast ;  g  the 
plate  of  the  side  of  the  tuydre ;  behind,  upon  the 
face  dy  the  fire-place  or  hearth  is  only  5)  inches  deep ;  in  fit>nt  as  well  as  upon  the 
lateral  faces,  it  is  18  inches  deep.  By  means  of  a  mound  made  of  dry  charcoal,  the  pos- 
terior face  d  is  raised  to  the  height  of  the  face  /.  t,  fig.  600,  is  the  floss-hole,  by  which 
the  slags  are  run  off  from  the  hearth  during  the  working,  and  through  which,  by  remoring 
some  bricks,  the  lump  of  steel  is  taken  out  when  flnished. 

klmtuce  pieces  of  cast  iron,  for  confining  the  fire  in  front,  that  is,  towards  the  side  where 
the  workman  stands ;  o  is  the  level  of  the  floor  of  the  works ;  p  a  copper  tuydre ;  it  is 
situated  4^  inches  above  the  bottom  a,  slopes  5  degrees  towards  it,  and  advances  4  inches 
into  the  hearth  or  fire-place,  where  it  presents  an  orifice,  one  half  inch  in  horizontal 
length,  and  one  inch  ep  and  down;  qthe  nose  pipes  of  two  beUow8,like  those  represented 
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in  fig.  602,  and  nnder  Silver  ;  the  ronnd  orifice  of  each  of  them  within  the  tny^  bdag 
one  inch  in  diameter,  r  is  the  lintel  or  top  arch  of  the  tnydre,  beneath  which  is  sees  the 
cross  section  of  the  pig  of  cast  iron  under  operation. 

For  the  production  of  natural  steel,  a  white  cast  iron  is  preferred,  which  contains  VBOk 
carbon,  which  does  not  flow  thin,  and  which  being  cemented  over  or  above  ike  wiady  ftlh 
down  at  once  through  the  blast  to  the  bottom  of  the  hearth  in  the  state  of  steeL  With 
this  view,  a  very  flat  fire  is  used ;  and  should  the  metal  run  too  fluid,  some  malkatle 
lumps  are  introduced  to  give  the  mass  a  thicker  pasty  consistence. 

If  the  natural  steel  be  supposed  to  contain  too  little  carbon,  which  is  a  very  rare  case, 
the  metal  bath  covered  with  its  cinder  slag,  is  diligently  stirred  with  a  wooden  pole,  or  it 
may  receive  a  little  of  the  more  highly  carbureted  iron.  If  it  contains  the  right  dose  of 
carbon,  the  earthy  and  other  foreign  matters  are  made  progressively  to  sweat  out,  into  the 
supernatant  slag.  When  the  mass  is  found  by  the  trial  of  a  sample  to  be  completely  eoa* 
verted,  and  has  acquired  the  requisite  stiffness,  it  is  lifted  out  of  the  furnace,  by  the  opea* 
ing  in  front,  subjected  to  the  forge  hanmier,  and  drawti  into  bars.  In  Sweden,  the  caA 
iron  pigs  are  heated  to  a  cherry-i^,  and  in  this  state  broken  to  pieces  under  the  hanmer, 
before  they  are  exposed  in  the  steel  furnace.  These  natural  steels  ardttiuch  employed  m 
the  Continent  in  making  agricultural  implements,  on  account  of  their  cheapness.  The 
natural  steel  of  Styria  is  regarded  as  a  very  good  article. 

Wootz  is  a  natural  steel  prepared  from  a  black  ore  of  iron  in  Hindostan,  by  a  proees 
analogous  to  that  of  the  Catalan  hearth,  but  still  simpler.  It  seems  to  contain  a  miaiile 
portion  of  the  combustible  bases  of  alumina  and  siUca,  to  which  its  peculiar  hardnen 
when  tempered  may  possibly  be  ascribed.  It  is  remarkable  for  the  property  of  assaning 
a  damask  surface,  by  the  action  of  dilute  sulphuric  acid,  aAer  it  has  been  forged  and 
polished.   See  Damascus  and  Steel. 

Fig.  605  is  the  German  forge-hammer ;  to  the  left  of  1,  is  the  axis  of  the  rotatorr 


iron  heads  and  wooden  helves,  s  is  the  anvil,  a  very  massive  piece  of  cast  iron.  /  is  the 
end  of  a  vibrating  beam,  for  throwinj?  back  the  hammer  from  it  forcibly  by  recoiL  x  y  u 
the  outline  of  the  water-wheel  which  drives  the  whole.  The  cams  or  tappets  are  shown 
mounted  upon  the  wheel  6,  g,  6. 

.Analysis  of  irotis. — Oxydized  substances  cannot  exist  in  metallic  iron,  and  the  foreigB 
substwices  it  does  contain  are  present  in  such  small  quantities,  that  it  is  somewhat 
difficult  to  determine  their  amount.  The  most  intricate  point  is,  the  proportion  of 
carbon.  The  free  carbon,  which  is  present  only  in  gray  cast  iron,  may,  indeed,  be  deter- 
mined  nearly,  for  most  of  it  remains  afler  solution  of  the  metal  in  acids.  The  combined 
charcoal,  however,  changes  by  the  action  of  muriatic  acid  into  gas  and  oil;  sulphuric  acid 
also  occasions  a  great  loss  of  carbon,  and  nitric  acid  dissipates  it  almost  entirely.  Either 
nitre  or  chloride  of  silver  may  be  employed  to  ascertain  the  amount  of  carbon ;  but  when 
the  iron  contains  chromium  and  much  phosphorus,  the  determination  of  the  carbon  is  at- 
tended with  many  difficulties. 

The  quantity  of  sulphur  is  always  so  small,  that  it  can  scarcely  be  ascertained  by  the 
weight  of  the  precipitate  of  sulphate  of  barjles  from  the  solution  of  the  iron  in  nitro- 
muriatic  acid.  The  iron  should  be  dissolved  in  muriatic  acid ;  and  the  hydros^en,  as  it 
escapes  charged  with  the  sulphur,  shoiild  be  passed  through  an  acidulous  solution  of 
acetate  of  lead.  The  weight  of  the  precipitated  sulphuret  shows  the  amount  of  sulphur, 
allowing  13-45  of  the  latter  for  100  of  the  former.  In  this  experiment  the  metal  should 
be  slowly  acted  upon  by  the  acid.  Cast  iron  takes  from  10  to  15  days  to  dissolve,  steel 
from  8  to  10,  and  malleable  iron  4  days.  The  residuum  of  a  black  color  does  not  contain 
a  trace  of  sulphur. 

Phosphorus  and  chromium  are  determined  in  the  foUowing  way.  The  iron  must  be 
dissolved  in  nitro-muriatic  acid,  to  oxygenate  those  two  bodies.  The  solution  must  be 
evaporated  cauUous\|  \o  dnnes&Vu  v^x^^^^  ^v«sQ&K^^sd.thft  tgiliiw  re^anm  healed 


cam,  2,  3,  consisting  of  8  sideii 
each  formed  of  a  stnmg  broad  bar 
of  cast  iron,  which  are  joined  to> 
gether  to  make  the  octagon  wheel 
4,  5,  6,  are  cast  iron  binding  nags 
or  hoops,  made  fast  by  woodei 
wedges.  6,  b,  are  standards  of  the 
frame-work  e,  /,  m,  in  which  the 
helve  of  the  forge-hanmier  has  its 
fulcrum  near  «.  A,  the  sole  part 
of  the  frame.  Another  cast  iron 
base  or  sole  is  seen  at  m.  a  is  a 
strong  stay,  to  strengthen  the 
frame-work.  At  r  two  parallel 
hammers  are  placed,  with  cast- 


IRON. 


721 


to  radnesB.  A  little  chloride  of  iron  is  volatilized,  and  the  remainder  resembles  the 
red-brown  oxyde.  This  must  be  mixed  with  thrice  its  weight  of  carbonate  of  potash, 
and  fused  in  a  platinum  crucible ;  the  quantity  of  iron  being  from  40  to  50  grains  at 
most. 

The  mixture,  after  being  acted  upon  by  boiling  water,  is  to  be  left  to  settle,  to  allow 
the  oxyde  to  be  deposited,  for  it  is  so  fine  as  to  pass  through  a  filter.  If  the  iron  con- 
tained manganese,  this  would  be  found  ai  first  in  the  alkaline  solution;  but  man- 
ganese spontaneously  separates  by  exposure  to  the  air.  The  alkaline  liquor  must  be 
supersaturated  with  muriatic  acid,  and  evaporated  to  (kyness.  The  liquor  acidulated, 
and  deprived  of  its  silica  by  filtration,  is  to  be  supersaturated  with  ammonia;  when 
the  alumina  will  precipitate  in  the  state  of  a  subphosphate.  When  the  liquor  is  now 
supersaturated  with  acetic  acid,  and  then  treated  with  acetate  of  lead,  a  precipitate 
of  phosphate  of  lead  almost  always  falls.  Inhere  is  hardly  a  bit  of  iron  to  be  found 
whicl^  does  not  contain  phosphorus.  The  slightest  trace  of  chrome  is  detected  by  the 
yeUow  color  of  the  lead  precipitate ;  if  this  be  white  there  is  none  of  the  coloring  metal 
pre5%nt. 

100  parts  of  the  precipitated  phosphate  of  lead  contain,  after  calcination,  19*4  parts  of 
phosphoric  acid.  The  precipitate  should  be  previously  washed  with  acetic  acid,  and  then 
with  water.    These  19-4  parts  contain  8*525  parts  of  phosphorus. 

Cast  iron  sometimes  contains  calcium  and  barium,  which  may  be  detected  by  their 
well-known  reagents,  oxalate  of  ammonia,  and  sulphuric  acid.  In  malleable  iron  they 
are  seldom  or  never  present. 

The  charcoal  found  in  the  residuum  of  the  nitro-muriatic  solution  is  to  be  burned  away 
under  a  muffle.  The  solution  itself  contains  along  with  the  oxyde  of  iron,  protoxyde  of 
mans:anese,  and  other  oxydes,  as  well  as  the  earths,  and  the  phosphoric  and  arsenic  acids. 
Tartaric  acid  is  to  be  added  to  it,  till  no  precipitate  be  formed  by  supersaturation  with 
caustic  ammonia.  The  ammoniacal  liquor  must  be  treated  with  hydrosulphuret  of  ammo- 
nia as  Ion?  as  it  is  clouded,  then  thrown  upon  a  filter.  The  precipitate  is  usually  very 
voluminous,  and  must  be  well  washed.  The  liquor  which'  passes  through  is  to  be  satu- 
rated with  muriatic  acid,  to  decompose  all  the  sulphurcts. 

The  solution  still  contains  all  the  earths  and  the  oxyde  of  titanium,  besides  the  phos- 
phoric acid.  It  is  to  be  evaporated  to  dryness,  whereby  the  ammonia  is  expelled,  and 
the  carbonaceous  residuum  must  be  burned  under  a  mufiie.  If  the  iron  contains  much 
phosphorus,  the  ashes  are  strongly  agglutinated.  They  are  to  be  fused  as  already 
described  along  with  carbonate  of  potash,  and  the  mass  is  to  be  treated  with  boiling 
water.  The  residuum  may  be  examined  for  silica,  lime,  barytes,  and  oxyde  of  titanium. 
Muriatic  acid  being  digested  on  it,  then  evaporated  to  dryness,  and  the  residuum  treated 
with  water,  will  leave  the  silica.  Caustic  ammonia,  poured  into  the  solution,  will  sepa- 
rate the  alumina,  if  any  be  present,  and  the  oxyde  of  titanium  ;  but  the  former  almost 
never  occurs. 

Manganese  is  best  sought  for  by  a  distinct  operation.  The  iron  must  be  dissolved 
at  the  heat  of  boiling  water,  in  nitro-muriatic  acid;  and  the  solution,  when  very 
coM,  is  to  be  treated  with  small  successive  doses  of  solution  of  carbonate  of  am- 
monia. If  the  iron  has  been  oxydized  to  a  maximum,  and  if  the  liquor  has  been 
sufficiently  ncid,  and  diluted  with  water,  it  will  retain  the  whole  of  the  manganese. 
This  process  is  as  good  as  that  by  succinate  of  ammonia,  which  requires  many 
precautions. 

The  liquor  is  often  tinged  yellow  by  carbon,  after  it  has  ceased  to  contain  a  single  trace 
of  iron  oxyde.  As  soon  as  litmus  paper  begins  to  be  blued  by  carbonate  of  ammonia,  we 
should  stop  adding  it ;  immediately  throw  the  whole  upon  a  filter,  and  wash  continuously 
with  cold  water.  What  passes  through  is  to  be  neutralized  with  muriatic  acid,  and  con- 
centrated by  evaporation.  It  may  contain,  besides  manganese,  some  lime  or  barytes.  It 
should  therefore  be  precipitated  with  hydro-sulphuret  of  ammonia,  the  hydrosulphuret  of 
manganese  should  be  collected,  dissolved  in  strong  muriatic  acid,  filtered,  and  treated,  at 
a  boiling  heat,  with  carbonate  of  potash.  The  precipitate,  well  washed  and  calcined, 
contains,  in  100  parts,  72*75  parts  of  metallic  manganese. 

The  copper,  arsenic,  lead,  tin,  bismuth,  antimony,  or  silver,  are  best  separated  by  a 
stream  of  sulphureted  hydrogen  gas  passed  through  the  solution  in  nitro-muriatic  acid, 
after  it  is  largely  diluted  with  water.  The  precipitate  must  be  cautiously  roasted  in  a 
porcelain  test,  to  bum  away  the  large  quantity  of  sulphur  which  is  deposited  in  con- 
sequence of  the  conversion  of  the  peroxyde  of  iron  into  the  protoxyde.  If  nothing 
remains  upon  the  test,  none  of  these  metals  is  present.  If  a  r^iduum  be  obtained,  it 
must  be  dissolved  in  nitro-muriatic  acid,  and  subjected  to  examination.  But,  in  ihcL 
carbon,  sulphur,  phosphorus,  silicon,  and  manganese,  are  the  chief  contaminators  of 
iron. 

Chloride  of  silver  afibrds  the  means  of  determining  the  proportion  of  carbon  contained 
in.  iron,  and  of  ancertnining  the  statfiin  which  that  substance  caste  in  the  metaL  Foaed 
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cUorid^oT  apBle  ydlov  eoCor  mttbe  enptoyai.  The  opcnitfaM  fii  ttite  iwiliBrf 
in  dow  TOidt,  with  the  additioii  of  a  gmt  dflid  of  wter,  and  a  fev  drops  or  maiklv 
add.    The  eaiboaaceoiu  reiidinuk  li  nmMkmmStf  dighUj  acted  vpoa.  We 
jadge  of  this  eireuiistaiice  by  the  gates  disengaged^  as  «dl  as  by  Ike  appeaiaace  of 
chareoal* 

DnctOe  im  and  aoft  stee^  as  veil  as  whhc  cutt4xm  vUeh  has  been  reodoed  gnf 
hf  roattingy  when  diecompos^  by  ehleride  of  bQw»  afM  a  MsririsMnwwn  nnasgaciir 
ehamal,  and  a  plnmbaginons  snfastanee  perfMy  similar  to  vhat  is  eztiacted  ftosn  tie 
nne  kinds  of  inm»  By  solntion  in  acids.  A  portion  of  tib  pfamfiago  is  alan  eosfcrtai 
into  chareoal  of  a  hlackish  brown  color,  by  the  actkm  of  the  eUoaride.  Hcaee  tKi 
agent  does  not  alRnd  the  means  of  obtaining  what  has  been  called  the  p61y-«axbaRf,  tiff 
it  has  predaced  a  pref  ious  deeoamosition.  Bat  we  obtain  in  this  manner,  purer  and  a 
graater  qnantity  than  we  conld  by  disscdTlng  the  metal  in  the  aefls.  Tie  only  sJjicf 
of  regret  ii^  that  we  possess  no  good  criterien  ftr  jadi^  of  the  prag 
operation* 

Ony  cast  iron  Icayes,  besides  the  polr-carbiirety  a  residnom  of  plnmbaga^  and  esibos 
which  was  not  chemiealTy  onnbined  with  the  iron ;  while  tempered  sted  mad  iHdte  em 
iron  afibrd  merely  a  Uadcish  Brown  chareoal;  bat  the  opentkm  h  extremely  slow  vilk 
the  latter  two  bodies,  beeanse  a  layer  of  chareoal  Ifatms  npon  the  snrlhce^  wliidk  sb 
straets  their  oxydisement.  ¥w  this  reason  the  white  east  iron  ought  to  be  fsetiw^y 
changed  into  grey  by  fbsion  in  a  crnclble  lined  with  chareoa!,  before  being  solgeked  to  tt^ 
ddoride  of  «QTer;  if  this  process  be  emrloyed  for  tempered  steel,  the  cosnbined  esika 
becomes  merely  a  p<^-carbaret.  It  wouM  not  be  possible  to  operate  npon  mate  te 
15  grafais,  which  require  llrom  00  to  80  times  that  ctnantlty  of  tBe  ehkride,  and  a  period 
of  15  days  for  the  experiment. 

The  resklanm,  which  is  leparride  fiom  the  silrer  oaly  By  medianieal  menn%  dboslibe 
dried  a  long  time  at  the  heat  of  beiBng  water.  It  contains  ahnest  always  iron  and  nfies. 
After  its  weight  is  ascertained,  it  is  to  be  bnmed  in  a  craciBle  of  platimim  till  the  ashes 
no  longer  chanee  their  color,  and  are  not  attractable  By  the  magnet.  TBe  diftrenee  be* 
tween  the  weights  of  the  dried  and  calcined  residnnm  » the  weight  of  the  cbarcoaL  Ibr 
oxyde  of  ntm  is  afterwards  separated  firom  the  silica  By  mnriatic  add. 

In  opertthig  npon  gray  cast  iron,  we  shooH  ascertain  separately  the  proportion  of 
graphite  or  ^phunbaco^  and  that  of  the  oombihed  charcoaL  To  determme  the  ibnno-, 
we  dissoWe  n  second  quantity  of  the  cast  iron  in  nitric  acid,  with  a  little  mnriatic ;  the 
residuum,  which  is  irraphilr,  is  separated  from  the  silica  and  the  combined  carbon  by  the 
action  of  caustic  potash.  After  being  washed  and  dried,  it  must  be  weighed.  The  weight 
of  the  i?raphitr  obtained  beini;  deducted  from  the  quantity  of  carbon  resulting  from  the  de- 
composition etfected  by  the  chloride  of  silver,  the  remainder  is  the  omonnt  of  the  chemi' 
cally  combined  carbon. 

By  croployin?  muriatic  acid,  we  could  dissipate  at  once  the  combined  carbon ;  but  this 
method  would  be  inexact,  because  the  hydrogen  disengaged  would  carry  off  a  portion  ctf* 
the  eraphite. 

Acconlincr  to  Karsten,  Mushet's  table  of  the  quantities  of  carbon  contained  in  difTerent 
steels  and  cast  irons  is  altogether  erroneous.  It  gives  no  explanation  why,  with  equal 
proportions  of  charcoal,  cast  iron  constitutes  at  one  time  a  gray,  soft,  grannlar  metal,  and 
at  another,  a  white,  hard,  brittle  metal  in  lamellar  facets.  The  incorrectness  of  Mushet's 
statement  becomes  most  manifest  when  we  see  the  white  lamellar  cast  iron  melted  in  a 
crucible  lined  with  charcoal,  take  no  increase  of  weight,  while  the  gray  cast  iron  treated 
in  the  same  way  becomes  considerably  heavier. 

Analysis  has  never  detected  a  trace  of  carbon  undlitnd  or  of  graphite  in  white  cast  inniy 
if  it  did  not  proceed  from  small  quantities  of  the  gray  mixed  with  it ;  while  perfect  gray 
cast  iron  affords  always  a  much  smaller  quantity  of  carbon  altered  by  combination,  and  a 
much  greater  quantity  of  graphite.  Neither  kind  of  cast  iron,  however,  betrays  the  pres- 
ence of  any  oxygen.  Steel  affords  merely  altered  carbon,  without  graphite ;  the  same 
Hiing  holds  true  of  malleable  iron ;  while  the  iron  obtained  by  fusion  with  26  per  cesLof 
scales  of  iron  contains  no  carbon  at  all. 

The  graphite  of  cast  iron  is  obtained  in  scales  of  a  metallic  aspect,  whereas  the  com- 
bined  carbon  is  obtained  in  a  fine  powder.  When  the  white  cast  iron  has  been  roasted, 
and  become  gray,  and  is  as  malleable  as  the  softest  gray  cast  iron,  it  still  affoids  no  grt- 
phite  as  the  latter  does,  though  in  appearance  both  are  alike.  Yet  in  thesr  properties 
they  are  still  essentially  dissimilar. 

With  A\  per  cent,  of  carbon,  the  white  cast  iron  preserves  its  lamellar  teztnre;  hot 
with  less  carbon,  it  becomes  granular  and  of  a  gray  color,  growing  paler  as  the  dose 
of  carbon  is  diminished,  while  the  metal,  after  passing  thnmgh  an  indefinite  nnmber 
<of  gradations,  becomes  steely  cast  iron,  very  hard  steel,  soft  sted,  and  steely  wrought 
iron. 

The  steels  of  the  forge  and  the  cast  steds  examined  by  Kantoi,  affotded  Um  fism 
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2*3  to  1}  per  cent,  of  carbon;  in  the  steel  of  cementation  (blistered  steel),  he  never 
fonnd  above  1|  of  carbon.  Some  wrought  irons  which  ought  to  contain  no  charcoal,  hold 
as  much  as  i  per  cent,  and  they  then  approach  to  steel  in  nature.  The  softest  and  purest 
irons  contain  still  0*2  per  cent,  of  carbon. 

The  quantity  of  graphite  which  gray  cast-iron  contains,  varies,  according  to  Karsten's 
experiments,  from  2*57  to  3*75  per  cent. ;  but  it  contains,  besides,  some  carbon  in  a  state 
of  alteration.  The  total  contents  in  carbon  varied  from  3*15  to  4*65  per  cent.  When 
the  congelation  of  melted  iron  is  very  slow,  the  carbon  separates,  probably  in  conse- 
quence of  its  crystallizing  force,  so  as  to  form  a  gray  cast-iron  replete  with  plumbago. 
If  the  gray  do  not  contain  more  charcoal  than  the  white  from  which  it  has  been  formed, 
and  if  it  contain  the  charcoal  in  the  state  of  mechanical  mixture,  then  it  can  have  little 
or  none  in  a  state  of  combination,  even  much  less  than  what  some  st^ls  contain.  Hence 
we  can  account  for  some  of  its  peculiarities  in  reference  to  white  cast-iron ;  such  as  its 
granular  texture,  its  moderate  hardness,  the  length  of  time  it  requires  to  receive  anneid- 
ing  colors,  the  modifications  it  experiences  by  contact  of  air  at  elevated  temperatures,  the 
high  degree  of  heat  requisite  to  fuse  it,  its  liquidity,  and  finally  its  tendency  to  rust  by 
porosity,  much  faster  than  the  white  cast-iron. 

We  thus  see  that  carbon  maj  combine  with  iron  in  several  manners ;  that  the  gray 
cast-iron  is  a  mixture  of  steely  iron  and  plumbago;  that  the  white,  rendered  gray  and  soft 
by  roasting,  is  a  compound  of  steely  iron  and  a  carburet  of  iron,  in  whidi  the  carbon  pre- 
dominates ;  and  that  untempered  steel  is  in  the  same  predicament^ 

For  the  following  analyses  of  cast-irons,  we  are  indebted  to  MM.  Gay  Lussac  and 
WUson. 


Table. — ^In  100  parts. 


Cast'inm. 

Iron. 

Carbon. 

Silica. 

Phoa- 

phorua. 

Mangar 
neia. 

Remmrka. 

White  cast  from  Siegen 

94*338 

2*690 

0*230 

0*162 

2*590 

By  wood  charcoal. 

Do. 

Coblentz  - 

94*654 

2*441 

0*230 

0*185 

2*490 

do. 

Do. 

a.  d.  Champ 

96*133 

2*324 

0*840 

0*703 

a  trace 

do. 

Do. 

Is^re    -  - 

94*687 

2*636 

0*260 

0*280 

2*137 

do. 

Gray 

Nivemais  - 

95*673 

2*254 

1*030 

1*043 

a  trace 

do. 

Do. 

Berry   -  - 

95*573 

2*319 

1*920 

0*188 

do. 

Mixt'eofcoke&do. 

Do. 

a.  d.  Champ 

95*971 

2*100 

1*060 

0*869 

do. 

Charcoal. 

Do. 

Creusot 

93*385 

2*021 

3*490 

0*604 

do. 

Coke. 

Do. 

a,  d.  Franche 

Corate  - 

95*689 

2*800 

1*160 

0*351 

do. 

do. 

Do. 

Wales  -  - 

94*842 

1*666 

3-000 

0*492 

do. 

do. 

Do, 

Do.  -   J  - 

95*310 

2*550 

1*200 

0*440 

do. 

do. 

Do. 

Do.  -   -  - 

95*150 

2*450 

1*620 

0*780 

do. 

do. 

Karsten  has  given  the  following  results  as  to  carbon,  in  100  parts  of  gray  cas^iron. 


i                  Graj  cast-iron. 

Combined 
carbon. 

Free 
carbon. 

Total, 
carbon. 

Reimurka. 

Siegen,  from  brown  iron  stone  • 

0*89 

3*71 

4*60 

By  wood  charcoal. 

Siegen  (Widderstein),  from  brown 

4*65 

do. 

1-03 

3*62 

t  Malapane,  from  spherosiderite  - 

0*75 

3*  15 

3*90 

do. 

1  Konigshiitte,  from  brown  ore  - 

0*58 

2*57 

3*15 

eoke. 

1  Do,  at  a  lower  smelting  heat  -  - 

0*95 

2-70 

3*65 

do. 

Fig.  607  represents  in  section,  and  fig.  606  in  plan,  the  famous  cupola  fbmace  for  cast- 
ing iron  employed  at  the  Royal  Foundry  in  Berlin.  It  rests  upon  a  foundation  a,  firom  18 
to  24  inches  high,  which  supports  the  basement  plate  of  cast-iron,  Airnished  with  ledges, 
for  binding  the  lower  ends  of  the  upright  side  plates  or  cylinder,  e.  Near  the  mouth 
there  is  a  top-plate  d,  made  in  several  pieces,  which  serves  to  bind  the  sides  at  their 
upper  end,  as  also  to  cover  in  the  walls  of  the  shaft.  These  plates  are  roost  readily  se- 
cured in  their  places  by  screws  and  bolts.  Within  this  iron  case,  at  a  little  distance  from 
it,  the  proper  furnace-shaft  e  is  built  with  fire-bricks,  and  the  space  between  this  and  the 
iron  is  filled  up  with  ashes.  The  sole  of  the  hearth  /,  over  the  basement-plate,  is  com- 
posed of  a  mixture  of  fire-clay  and  quartz-sand  firmly  beat  down  to  the  thidcness  of  6  or 
B  inches,  with  a  slight  dope  towards  the  discharge-bole  for  running  off  the  metal,  g 


tetbe /brMortbe  tcyte  (there  are  eomctiiwt  oneesea^ade)!  &  the  aoae  pipe  t  fhi 
diidarge  apeitara  < iilS inehee wUeaad  16  laehca Ugki  aeieei vhkh the aole ef  fhi 
hearth  Is  nmmed  dowa.  Daiiag  the  Mllinff  operatet  thia  openiaf  ia  fflhsd  ip 
vlthllre-daTt  wheaft  ia  eoeqileted,a  nail  hole  manif  »  piened  thmg^  it  atthc 
■      " '  "iwiKahovldhe 


lomtt  poiat,  for  maahig  off  the  Uqaid  metal  The 
aer  « 


wider  at  bottom  thaa  at  top.  lU  dhneaiiaBa  my  with  the  augaitiide  of  the  iboadiy. 
Whea  6  feet  high,  iu  width  at  the  le?el  of  the  tajdre  or  Itot-hole  may  be  from  20  to  2S 
iaehet.  From  250  to  300  eabie  feet  of  air  per  miaate  are  reqaired  for  the  workiag  cf 
eaeh  a  cupola.  For  nmaiag  dowa  100  poands  of  iroBy  amr  the  faraaee  has  beta 
brought  to  its  heat,  48  pounds  of  ordinary  coke  are  used ;  bat  with  the  hot  Uast  madi 
lem  will  safliee.  The  fViraaee  requires  feediag  with  alternate  charges  of  coke  and  iroa 
e?ery  8  orlO  minates.  The  waste  of  iroa,  by  osydiiation  and  slag,  amounts  ia  moit 
Aoadries  to  ftilly  5  per  cent.  For  duTyfaigofftheborntair,aehimney-hood  iscoDsmoalf 
erected  over  the  cupobu  See  FoumaT. 

The  doaUe-arched  air  or  wind-Ainaee  used  in  the  foundries  of  Staffordshire  for  rndt- 
iog  cast-iron  has  been  fonnd  advantageous  in  saving  fnel,  and  preventing  waste  by  dag. 
It  requires  fire-bricks  of  great  size  and  the  best  composition. 

The  main  central  key-stone  is  constructed  of  larire  fire-bricks  made  on  purpose ;  against 
that  key-stone  tlie  two  arches  press,  havinir  their  abutments  at  the  sides  against  the  walls. 
The  hiirlipst  point  of  the  roof  is  only  8  inches  above  the  melted  metal.  The  sole  the 
herirth  is  composed  of  a  layer  of  sand  8  inches  thick,  resting  upon  a  bed  of  iron  or  of 
brickwork.    The  edge  of  the  fire-bridge  is  only  3  inches  above  the  fluid  iron. 

In  from  2  to  4  hours  from  1  to  3  tons  of  metal  may  be  founded  in  such  a  furnace, 
acconlin&r  to  its  size ;  but  it  ou?ht  always  to  be  heated  to  whiteness  before  the  iron  is 
introduced.  UK)  pounds  of  cast-iron  require  from  1  to  ]|  cubic  foot  of  coal  to  melt  them. 
The  waste  varies  froni  5  to  9  per  cent. 

I  shall  conclude  the  subject  of  iron  with  a  few  miscellaneous  observations  and  statisti- 
cal tables.  Previously  to  the  discovery  by  Mr.  Cort,  in  1785,  of  the  methods  of  puddling 
and  rolling  or  shinL'linir  iron,  this  country  imported  70,000  tons  of  this  metal  from  Russia 
and  Sweilen  :  an  enormous  quantity  for  the  time,  if  we  consider  that  the  cotton  and  other 
automatic  manufactures,  which  now  consume  so  vast  a  quantity  of  iron,  were  then  in 
their  infancy ;  and  that  two  year?  ago,  the  whole  of  our  importation  from  these  countries 
did  not  exceed  40.000  tons.  From  the  following  table  of  the  prices  of  bar  iron  in  suc- 
cessive years,  we  may  infer  the  successive  rates  of  improvement  and  economy,  with  slight 
vicissitudes. 


Yearn. 

Per  Ton. 

Yean. 

Per  Ton. 

£ 

i.  £ 

t. 

£ 

*.  £ 

t. 

1824 

9 

0   to  10 

0 

1830 

5 

5   —  6 

0 

1825 

10 

0  —  14 

0 

1831 

5 

5   —  5 

10 

1826 

8 

10  —  10 

0 

1832 

5 

0   —  5 

10 

1827 

8 

0—9 

0 

1833 

5 

10   —  6 

0 

1828 

7 

10—8 

0 

1834 

6 

0   —  6 

10 

1829 

5 

10—7 

0 

1835 

5 

10   —  7 

0 

I  have  been  informed  upon  good  authority  that  the  total  production  of  iron  in  Great 
BritaiOf  in  the  year  1836,  was  almost  exactly  ojfx  mxluov  or  roKi  I 
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The  export  of  iron  that  year,  in  bars,  rods,  pigs,  castings,  wire,  anchors,  hoops,  nails, 
and  old  iron,  amounted  to  189,390  tons;  in  nnwronght  steel  to  3,014,  and  in  cntlery,  to 
21,072 ;  in  whole  to  213,478  :  leaving  apparently  for  internal  consumption,  776,522  tons, 
from  which  however  one  tenth  probably  should  be  deducted  for  waste,  in  the  conversion 
cf  the  bar  iron.  Hence  700,000  tons  may  be  taken  as  the  approximate  quantity  of  iron 
made  use  of  in  the  United  Kingdom,  in  the  year  1836. 

'1  he  years  1835  and  1836  being  those  of  the  railway  mania  over  the  world,  produced  a 
considerable  temporary  rise  in  the  price  of  bar  iron ;  but  as  this  increased  demand  earned 
the  construction  of  a  great  many  more  smelting  and  refining  fbmaces,  it  has  tend^  event- 
ually to  lower  the  prices ;  an  etfect  also  to  be  ascribed  to  the  more  general  use  of  the  hot 
blast. 

The  relative  cost  of  making  cast  iron  at  Merthyr  Tydvil  in  South  Wales,  and  at 
Glasgow,  was  as  follows,  eight  or  nine  years  ago. 

jtt  Mtrthyr, 


t.  Tons,   Cwt$.  Qri,                                     £  «.  d. 

Raw  mine  at  10  per  ton,  3        7      0    -      -      -      -      .      .1  13  6 

Coal        at  6  2      16      0    0  16  6 

Limestone  1        5      2-«  014 

Other  charges   -      -  -      -      -                   -      -      -      .  091 


Total  Cost   305 

M  Gloigow, 

t.  d.  Tons.  Cwis.  £.  t.  d. 

Raw  mine  at  4   6      3      10    0  16  3 

Splint  coal  at  2   55      15    0  14  0 

Limestone  at  03      0      14    036 

Coals  for  the  engine    1      10   030 

Other  charges      -      -      -      -      -      •      -      -      -      -  -110 


Total  cost     -     •  2  17  9 


The  cost  is  still  nearly  the  same  at  Merthyr,  but  it  has  been  greatly  decreased  at 
Glasgow. 

The  saving  of  fuel  by  the  hot-blast  is  said  to  be  in  fact  so  great,  that  blowing  cylinders, 
which  were  adequate  merely  to  work  three  furnaces  at  the  first  period,  were  competent 
to  work  four  furnaces  at  the  last  period.  The  saving  of  materials  has  moreover  been 
accompanied  by  an  increase  of  one  fourth  in  the  quantity  of  iron,  in  the  same  time ;  as  a 
furnace  which  turned  out  only  60  tons  a  week  with  the  cold  blast,  now  turns  out  no  less 
than  80  tons.  Tbat  the  iron  so  made  is  no  worse,  but  probably  better,  when  judiciously 
smelted,  would  appear  from  the  following  statement.  A  considerable  order  was  not  long 
since  given  to  (bur  iron-work  companies  in  England,  to  supply  pipes  to  one  of  the  London 
water-companies.  Three  of  these  supplied  pipes  made  Crom  the  cold-blast  iron ;  the 
fourth,  it  is  said,  supplied  pipes  made  with  the  hot-blast  iron.  On  subjecting  these 
several  sets  of  pipes  to  the  requisite  trials  by  hydraulic  pressure,  the  last  lot  was  fimnd 
to  stand  the  proof  far  better  than  any  of  the  former  three. — ^That  iron  was  made  with 
raw  coal. 

I  have  been  since  told  by  eminent  iron-masters  of  Merthyr,  that  this  statement  stands 
in  need  of  confirmation,  or  is  probably  altogether  apocryphal,  and  that  as  they  find  the 
bnt-blast  weakens  the  iron,  they  will  not  adopt  it. 

Between  the  cast  irons  made  in  different  parts  of  Great  Britain,  there  are  characteristie 
diflferences.  The  Staffordshire  metal  runs  remarkably  fluid,  and  makes  fine  sharp  castings. 
The  Welsh  is  strong,  less  fluent,  but  produces  bar  iron  of  superior  quality.  TTie  Derby- 
shire iron  also  forms  excellent  castings,  and  may  be  worked  with  care  into  very  good  bar 
iron.  The  Scotch  iron  is  very  valuable  for  casting  into  hollow  wares,  as  it  affords  a  beau- 
tiful smooth  dun  from  the  moulds,  so  remarkable  in  the  castings  of  the  Carron  company, 
in  Stirlingshire,  and  of  the  Phoenix  foundry,  at  Glasgow.  The  Shropshire  iron  resembles 
the  Staffordshire  in  its  good  qualities. 

The  average  quantity  of  fine  metal  obtainable  (ram  the  forge-pigs  at  Merthyr  Tydvil, 
Hmn  the  finery  furnace,  is  one  ton  for  22}  ewts.  of  cast  iroDy  with  a  oontomption  of  about 
9i  cwts.  of  coal  per  ton. 
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EitimaU  from  Neath  JIMy  YForfcf conitiNMd. 

16.  Pieces  of  iron  for  a  small  forge,  with  two  fires,  two  bellows,  two  anvils,  iron 

tools  faced  with  steel,  and  comnion  iron  tools,  &c.  ...  jClOO 

17.  Eight  tons  of  cast-iron  pieces,  and  wrought-iron  pieces  for  14  puddling  fur- 

naces 

18.  Seven  tons  of  cast-iron  pieces,  and  wrongbt-iroa  for  4  re-heating  furnaces  2fi2 

19.  Tools  for  the  puddlers  and  other  workmen  -         -         -         -         .  15 

20.  Iron  mountings  for  two  cranes,  partlf  made  of  wood         ...  50 

Total  cost  of  machines  and  pieces  of  iron   .....  £8165 
To  the  above,  the  cost  of  the  steam  engine  house  is  to  be  added,  that  of  another  forge 
hammer,  and  incidental  expenses. 

In  Staffordshire,  the  following  estimate  has  beeft  given : 
A  steam  engine  of  60-horse  power  2016 
Rolls,  with  the  iron  work  of  the  furnaces,        to  make  120  tons  of  bar  iron 

weekly         .........  25T2 


£4588 

The  Neath  Abbey  estimate  is  greater,  but  that  company  hasn  high  character  for  making 
substantial,  well-finished  machinery. 

Bar  iron,  made  entirely  from  ore  without  admixture  of  cinder,  or  vitrified  oxyde.  Is 
always  reckoned  worth  10«.  a  ton  more  than  the  average  iron  in  the  market,  which  is 
frequently  made  by  smehing  25  per  cent,  of  cinder  with  75  of  ore  or  mintt  as  it  is  called. 
Importation  of  iron  in  bars  or  unwrought,  for  home  consumption ;  «nd  amount  of  duty,  in 


1836.                          1837.                   1836.  1837 

18,978  tons  18  cwts.   J     13,470  tons  4  cwts.   |    £28,450      |  £20/)65 

M.  VirUVi  Statistical  TMe  ^tf  the  pnduce  of  Irm  im  Europe. 

Qaintaln. 

Enghind  (1827)  7,098,000 

France  (1834)   2,200,000 

Russia  (1834)   1,160,000 

Austiia(]829)      .......  890,000 

Sweden  (1825)  850,000 

Prussia  -         -  800,000 

The  Hartz  Mountains      ......  600,000 

Holland  and  Belgium  600,000 

Elba  and  Italy      .......  280,000 

Piedmont  200,000 

Spain  180,000 

Norway  150,000 

Denmark  --.         .....  135,000 

Bavaria  130,000 

Saxony                                                                        -  80,000 

Poland  75,000 

Switzerland  30,000 

4?avoy       -         .......  25,000 


Total  -         .  .         -         -         -         .  13,433,000  (equal 

to  about  672,000  tons). 

For  additional  statistics  of  iron,  see  Pitcoal,  at  the  end. 


Bronzing  of  polished  iron. — The  .barrels  of  fowling-pieces  and  rifles  are  occasionally 
bronzed  and  varnished,  to  relieve  the  eye  of  the  sportsman  from  the  glare  of  a  polished 
metal,  and  to  protect  the  surface  from  rusting.  The  liquid  used  for  browning  the  barrels 
is  made  by  mixing  nitric  acid  cf  specific  gravity  1*2,  with  its  own  weight  of  spirit  of  nitric 
ether,  of  alcohol,  and  tincture  of  muriate  of  iron ;  and  adding  to  that  mixture  a  quantity 
of  sulphate  of  copper  equal  in  weight  to  the  nitric  acid  and  ethercous  spirit  taken  together. 
The  sulphate  must  be  dissolved  in  water  before  being  added ;  and  the  whole  being  diluted 
with  about  10  times  its  weight  of  water,  is  to  be  bottled  up  for  use.  This  liquid  must  be 
applied  by  friction  with  a  rag  to  the  clear  barrel,  which  must  then  be  rubbed  with  a  hard 
brush ;  processes  to  be  alternated  two  or  three  times.  The  barrel  should  be  aflerwards 
dipped  in  boiling  water,  rendered  feebly  alkaline  with  carbonate  cf  potash  or  soda,  well 
dried,  burnished,  and  heated  slightly  for  receiving  several  coats  of  tin-smith's  lacker, 
consisting  of  a  solution  of  shellac  in  alcohol,  colored  with  dragon's  blood. 

ISINGLA^SS,  ctr  Fish-glue,  called  in  Latin  ichthyocolla,  is  a  whitish,  dry,  tough,  teni- 
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transparent  substance,  twisted  into  different  shapes,  often  in  the  form  of  a  lyre,  nd 
consisting  of  membranes  rolled  together.  Good  isin^ass  is  unchangeable  in  the  air,  hv 
a  leathery  aspect,  and  a  mawkish  taste  nearly  insipid ;  when  steepNed  in  cold  water,  it 
swells,  softens,  and  separates  in  membranous  laminae.  At  the  boiling  heat  it  diaolTes 
in  water,  and  the  solution,  on  cooling;  forms  a  white  jelly,  which  is  semi-transparat, 
soluble  in  weak  acids,  but  is  precipitated  from  them  by  alkalis.  It  is  gelatine  nearij 
pure ;  and  if  not  brittle,  like  other  glue,  this  depends  on  its  fibrous  and  elastic  teztare. 
The  whitest  and  finest  is  preferred  in  commerce.  Isinglass  is  prepared  from  the  air- 
bladders  of  sturcfeons,  and  especially  the  great  sturgeon,  the  accipenser  huso ;  which  b 
fished  on  the  shores  of  the  Caspian  sea,  and  in  the  rivers  flowing  into  it,  for  the  nke 
chiefly  of  its  swim  bkdder. 

The  preparation  of  isinglass  in  this  part  of  Russia,  and  particularly  at  Astracan,  con- 
sists in  steeping  these  bladders  in  water,  removing  carefully  their  external  coat,  anl  tke 
blood  which  often  covers  them,  putting  them  in  a  hempen  bag,  squeezing  them,  softening 
them  between  the  hands,  and  twisting  them  into  small  cylinders,  which  are  afterwaids  best 
into  the  shape  of  a  lyre.  They  are  ready  for  the  market  immediately  after  being  dried  ii 
the  sun,  and  whitened  with  the  fumes  of  burning  sulphur. 

In  some  districts  of  Moldavia,  another  process  is  followed.  The  skin,  the  stomack, 
the  intestines,  and  the  swim  bladder  of  the  sturgeon  are  cut  in  small  pieces,  steeped  it 
cold  water,  and  then  gently  boiled.  The  jelly  thus  obtained  is  spread  in  thin  layers  to 
dry,  when  it  assumes  the  appearance  of  parchment.  This  being  softened  in  a  little  water, 
then  rolled  into  cylinders,  oi  extended  into  plates,  constitutes  an  inferior  article. 

The  swim  bladder  of  the  cod  and  many  other  fishes  also  furnishes  a  species  of  isja- 
glass,  but  it  is  much  more  membranous,  and  less  soluble,  than  that  of  the  sturgeon. 

The  properties  of  isinglass  are  the  same  as  those  of  gelatine  or  pure  glue ;  and  its  nsct 
are  very  numerous.  It  is  employed  in  considerable  quantities  to  clarify  ale,  wine,  liqueon, 
and  coffee.  As  an  article  of  food  to  the  luxurious  in  the  preparation  of  creams  and  jel- 
lies, it  is  in  great  request.  Four  parts  of  it  convert  100  of  water  into  a  tremulous  jdly, 
which  is  employed  to  enrich  many  soups  and  sauces.  It  is  used  along  with  gum  as  t 
dressing  to  give  lustre  to  ribands  and  other  silk  articles.  The  makers  of  artificial  pearls 
employ  it  to  fix  the  essence  d'OrierU  on  the  glass  globules  which  form  these  pearls,  and 
the  Turks  set  their  precious  stones  or  jewellery  by  means  of  isinglass  dissolved  in  alco- 
hol along  with  gum  ammoniac ;  a  combination  which  is  also  employed  in  this  country  to 
join  broken  pieces  of  China  and  glass,  under  the  name  of  diamond  cement.  That  setting 
preserves  its  transparency  after  it  solidifies,  if  it  be  well  made. 

It  is  by  coverirm  talfety  or  thin  silk  with  a  coat  of  isinc^lass  that  court  plaster  is  made. 
A  solution  of  isinirlass  colored  with  carmine  forms  an  excellent  injection  liquor  to  the 
anatomist.  M.  Kochen  has  made  another  pretty  application  of  isins^lass.  He  plunzes 
into  a  limpi-1  solution  of  it,  made  by  means  of  a  water  bath,  sheets  of  wire  sauzc  set  in 
window  or  lamp  frames,  which,  when  cold,  have  the  appearance  of  glass,  and  answer  in- 
stead of  it  for  shades  and  other  purposes.  If  one  dip  be  not  sufficient  to  make  a  proper 
trans;  arent  plate  of  isinqlass,  several  may  be  iriven  in  succession,  allowing  each  film  to 
harden  in  the  interval  between  the  dips.  The  outer  surface  should  be  varni:ihed  to  pro- 
tect it  from  damp  air.  These  panes  of  gelatine  are  now  generally  useil  for  lamps  instead 
of  horn,  in  the  maritime  arsenals  of  France. 

Isinglass  imported  for  home  consumption,  and  duties  paid,  in 
1835.  1836.  1835.  1836. 

1,814  cwts.     I     1,735  cwts.    |     £4,290        |  £4,125 

ISLAND  MOSS  (Lichen  d'hlande,  Fr. ;  Flechte  IsL,  Germ.)  is  a  lichen,  the  Cetraria 
islandica^  which  contains  a  substance  soluble  in  hot  water,  but  forming  a  jelly  when  it 
cools,  styled  licheuine  by  M.  Guerin.  Lichenine  has  a  yellowish  lint  in  the  dry  state,  is 
transparent  in  thin  plates,  insipid,  inodorous,  and  difficult  to  pulverize.  Cold  water  inakrt 
it  swell,  but  does  not  dissolve  it.  It  is  precipitated  in  white  flocks  by  alcohol  and  ether. 
Iodine  tin^^es  it  of  a  brownish-green.  Sulphuric  acid  converts  it  into  sugar;  and  the 
nitric  into  oxalic  aci  1.  Lichenine  is  prepared  by  extracting  first  of  all  from  the  plant  t 
bitter  coloring  mailer,  by  digesting  1  pound  of  it  in  16  pounds  of  cold  water,  containing 
1  ounce  of  pearbsh  ;  then  draining  the  lichen,  edulcorating  with  cold  water,  and  boilini 
it  in  9  rounth  of  boilimr  water  till  3  pounds  be  evaporated.  The  jelly  which  forms,  upod 
coolini^  thf  filtered  solution,  i«i  dark  colored,  but,  beim;  dried  and  redissolved  in  hot  \nitcr. 
it  becomes  clear  nnd  colorless.  Lichenine  consists  of^  39-33  carbon,  7*24  hydrogen,  and 
55*43  oxyiren.  With  pota^th,  lime,  oxyde  of  lead,  and  tincture  of  galls,  the  habitudes  of 
lichenine  and  starch  are  the  same.  The  mucilage  of  island  moss  is  preferred  in  Ger- 
many to  common  paste  for  dressing  the  warp  of  webs  in  the  loom,  because  it  remains 
soft,  from  its  hygrometric  quality.  It  is  also  mixed  with  .the  pulp  for  sizing  paper  in 
the  vat. 

IVORY  (/voire,  Fr.  *,  Elfetibein,  Oeira.')  \&  Vol^  ^wsva  \ia»As  oC  the  tutks  and 
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teeth  of  the  elephant,  the  hippopotamus,  or  morse,  wild  hoar,  several  species  of  phoeo^ 
as  well  as  the  horn  or  tooth  of  the  narwhal.  Ivory  is  a  white,  fine-grained,  dense  sub- 
Mance,  of  considerahle  elasticity,  in  thin  plates,  and  more  transparent  than  paper  of  equal 
thickness.  The  outside  of  the  tusk  is  covered  hy  the  cortical  part,  which  is  softer  and 
less  compact  than  the  interior  substance,  with  the  exception  of  the  brown  plate  that 
sometimes  lines  the  interior  cavity.  The  hardest,  toughest,  whitest,  and  mest  translucent 
ivory,  has  the  preference  in  the  market ;  and  the  tusks  of  the  sea-horse  arc  considered 
to  aiford  the  best.  In  these,  a  rough  glassy  enamel  covers  the  cortical  part,  of  such 
hardness,  as  to  strike  sparks  with  steel.  The  horn  of  the  narwhal  is  sometimes  ten  feet 
long,  and  consists  of  an  ivory  of  the  finest  description,  as  hard  as  that  of  the  elephant, 
and  susceptible  of  a  better  polish ;  but  it  is  not  in  general  so  much  esteemed  as  the 
Utter. 

Ivory  has  the  same  constituents  as  the  teeth  of  animals,  three  fourths  being  phosphate^ 
with  a  little  carbonate  of  lime ;  one  fourth  cartilage.    See  Bones. 

It  is  extensively  employed  by  miniature  painters  for  their  tablets;  by  turners,  in 
Making  numberless  useful  and  ornamental  objects ;  by  cutlers,  for  the  handles  of  knives 
and  forks ;  by  comb-makers ;  as  also  by  philosophical  instrument  makers,  for  constructing 
the  scales  of  thermometers,  &c.  The  ivory  of  the  sea-horse  is  preferred  by  dentists  for 
making  artificial  teeth ;  that  of  the  East  India  elephant  is  better  than  of  the  African. 
When  iU  shows  cracks  or  fissures  in  its  substance,  and  when  a  splinter  broken  off  has  a 
dull  aspect,  it  is  reckoned  of  inferior  value.  Ivory  is  distinguishable  from  bone  by  its 
peculiar  semi-transparent  rhombohedral  net-work,  which  may  be  readily  seen  in  slips  of 
ivory  cut  transversely. 

Ivory  is  very  apt  to  take  a  yellow-brown  tint  by  exposure  to  air.  It  may  be  whitened 
or  bleached,  by  rubbing  it  first  with  pounded  pumice-stone  and  water,  then  placing  it  moist 
under  a  glass  shade  luted  to  the  sole  at  the  bottom,  and  exposing  it  to  sunshine.  The 
sunbeams  without  the  shade  would  be  apt  to  occasion  fissures  in  the  ivory  The  moist 
rubbing  and  exposure  may  be  repeated  several  times. 

For  etching  ivory,  a  ground  made  by  the  following  recipe  is  to  be  applied  to  the  polish- 
ed surface : — ^Take  of  pure  white  wax,  and  transparent  tears  of  mastic,  each  one  ounce ; 
asphalt,  half  an  ounce.  The  mastic  and  asphalt  having  been  separately  reduced  to  fine 
powder,  and  the  wax  being  melted  in  an  earthenware  vessel  over  the  fire,  the  mastic  it 
to  be  first  slowly  strewed  in  and  dissolved  by  stirring ;  and  then  the  asphalt  in  like  man- 
ner. This  compound  is  to  be  poured  out  into  lukewarm  water,  well  kneaded,  as  it  cools, 
by  the  hand,  into  rolls  or  balls  about  one  inch  in  diameter.  These  should  be  kept  wrap- 
pe  I  round  with  tafifety.  If  white  rosin  be  substituted  for  the  mastic,  a  cheaper  composition 
will  be  obtained,  which  answers  nearly  as  well ;  2  oz.  asphalt,  1  oz.  rosin,  oz.  white 
wax,  being  good  proportions.  Callot's  etching  ground  for  copper  plates,  is  made  by  dis- 
solving with  heat  4  oz.  of  mastic  in  4  oz.  of  very  fine  linseed  oil ;  filtering  the  varnish 
through  a  rag,  and  bottling  it  for  use. 

Either  of  the  two  first  grounds  being  applied  to  the  ivory,  the  figured  design  is 
to  be  traced  through  it  in  the  usual  way,  a  ledge  of  wax  is  to  l>e  applied,  and  the 
surface  is  to  be  then  covered  with  strong  sulphuric  acid.  The  effect  comes  better  out 
with  the  aid  of.  a  little  heat ;  and  by  replacing  the  acid,  as  it  becomes  dilute  by  absorp- 
tion of  moisture,  with  concentrated  oil  of  vitriol.  Simple  wax  may  be  employed  instead 
of  the  copperplate  engraver's  ground ;  and  strong  muriatic  acid  instead  of  sulphuric.  If 
an  acii  solution  of  silver  or  gold  be  used  for  etching,  the  design  will  become  purple  or 
black,  on  exposure  to  sunshine.  The  wax  may  be  washed  away  with  oil  of  turpentine. 
Acid  nitrate  of  silver  affords  the  easiest  means  of  tracing  permanent  black  lines  upon 
ivory. 

Ivory  may  be  dye<l  by  using  the  following  prescriptions : — 

1.  BUirk  dye, — If  the  ivory  be  loid  for  several  hours  in  a  dilute  solution  of  neutral 
nitrate  of  pure  silver,  with  access  of  light,  it  will  assume  a  black  color,  having  a  slightly 
e:reen  cast.  A  still  finer  and  deeper  black  may  be  obtained  by  boiline:  the  ivory  for  some 
time  in  a  strained  decoction  of  logwood,  and  then  steeping  it  in  a  solution  of  red  sulphate 
or  red  acetate  of  iron. 

2.  Bltie  dye. — When  ivory  is  kept  immersed  for  a  longer  or  shorter  time  in  a  dilute  solu- 
tion of  sulpjfiate  of  indigo  (partly  saturated  with  potash),  it  assumes  a  blue  tint  of  greater 
or  less  intensity. 

3.  Green  dyo. — This  is  ?iven  by  dipping  blued  ivory  for  a  little  while  in  solution  of 
nitro-mnriite  of  tin,  and  then  in  a  hot  decoction  of  fustic. 

4.  Yellow  dye  is  given  by  impregnating  the  ivory  first  with  the  above  tin  mordant,  and 
then  digesting  it  with  heat  in  a  strained  decoction  of  fustic.  The  color  passes  into 
orange,  if  some  Brazil  wood  has  been  mixed  with  the  Aistic.  A  very  fine  unchangeable 
yellow  may  be  communicated  to  ivory  by  steeping  it  18  or  24  hours  in  a  strong  solution 
of  the  neutral  chromate  of  potash,  and  then  plunging  it  for  some  time  in  a  boiling  hot 
solution  of  acetate  of  lead. 
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5.  Red  dye — tiny  be  given  by  imbning  the  iTory  first  with  the  tin  mordant,  Utei 
plunging  it  in  a  bath  of  Brazil  wood,  cochineal,  or  a  mixture  of  the  two.  Lac^dye  mty 
be  used  with  still  more  advantage,  to  produce  a  scarlet  tint.  If  the  scarlet  ivory  be 
plunged  for  a  little  in  a  solution  A  potash,  it  will  become  cherry  red. 

6.  Violet  dye — is  given  in  the  logwood  bath  to  ivory  previously  mordanted  for  a  fihart 
time  with  sorption  of  tin.  When  the  bath  becomes  exhausted,  it  imparts  a  likch  hue. 
Violet  ivory  is  changed  to  puiple-red  by  steeping  it  a  little  while  in  water  containing  a 
few  drops  of  nitro-muriatic  aciid. 

With  regard  to  dyeing  ivory,  it  may  in  general  be  observed,  that  the  colors  penetzite 
better  before  the  surface  is  pol^hed  than  afterwards.  Should  any  dark  spots  appear,  tkjr 
may  be  cleared  up  by  rubbing  them  with  chalk ;  after  which  the  ivory  should  be  dfed 
once  more  to  produce  perfect  uniformity  of  shade.  On  taking  it  out  of  the  boiling  hot 
dye  bath,  it  ought  to  be  immediately  plunged  into  cold  water,  to  prevent  the  chance  cf 
fissures  being  caused  by  the  heat. 

If  the  borings  and  chips  of  the  ivory-turner,  called  ivory  dust,  be  boiled  in  wita,a 
kind  of  fine  size  is  obtained. 

The  importation  of  elephants'  teeth  for  home  consumption  was,  in  1834,  4,282  ewti.; 
in  1835,  3,698;  and  in  1836,  4,584  cwts. ;  duty,  ]/.  per  cwt. 

IVORY  BLACK  (Noir  d'ivoire,  Ft. ;  KdkU  von  El/enhein,  Germ.)  is  prepared  fi«B 
ivory  dust,  by  calcination,  in  the  very  same  way  as  is  described  under  Bohk  Black. 

The  calcined  matter,  being  ground  and  levigated  on  a  porphyry  slab,  affords  a  ben- 
tiful  velvety  black,  much  used  in  copperplate  printing.  Ivory  black  may  be  pn> 
pared  upon  the  small  scale,  by  a  well  regulated  ignition  of  the  ivory  dost  in  a  covered 
crucible. 


K. 

KALI.  The  Arabs  gave  this  name  to  an  annual  plant  which  grows  near  the  set- 
shore  ;  now  known  under  the  name  of  talsola  toda,  and  from  whose  ashes  they  eitruted 
a  substance,  which  they  called  alkali,  for  making  soap.  The  term  kali  is  used  hf  Ger- 
man chemists  to  denote  caustic  potash ;  and  kalium,  its  metallic  basis ;  instead  cf  our 
potassa  and  potassium,  of  preposterous  pedigree,  being  derived  from  the  words  pot  atlusj 
that  is,  ashes  prepared  in  a  pot. 

KAOLIN  (Terre  d  porcelaine.  Ft.  ;  Porzcllanerde,  Germ.)  is  the  name  given  by  the 
Chinese  to  the  fine  white  clay  with  which  they  fabricate  the  biscuit  of  their  porcelains. 
See  Clay.    Berthier's  analyses  of  two  porcelain  earths  are  as  follows : — 


Analyses. 

From  Passau. 

From  Saint  Yricz. 

Silica  .... 

45-06 

46-8 

Alumina 

32-00 

37-3 

Lime  .... 

0-74 

Oxyde  of  iron 

0-90 

Potass  .... 

2-5 

Water 

18-0 

13-0 

96-7 

99-6  i 

KARABE',  a  name  of  amber,  of  Arabic  origin,  in  use  upon  the  Continent. 

KELP  (Varer^  Fr. ;  Wareck,  Germ.)  is  the  crude  alkaline  matter  produced  by  incintf- 
atini?  various  sprcies  of  fuci,  or  sea-weed.  They  are  cut  with  sickles  from  the  rocks  in 
the  summer  senson,  dried  and  then  burned,  with  much  stirring  of  the  pasty  ash.  I  have 
analyzed  many  specimens  of  kelp,  and  found  the  quantity  of  soluble  matter  in  100  parts 
of  the  host  to  be  from  53  to  62,  while  the  insoluble  was  from  47  to  38.  The  soluble  con- 
sisted of— 

Sulphate  of  Soda  -         -         -         -         -         -     8*0  19*0 

Soda  in  carbonate  and  sulphuret  -         -         -     8*5  5*5 

Muriate  of  soda  and  potash       ....   36*5  37*5 


63*0 


62*0 
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The  insoluble  matter  consisted  of— 

Carbonate  of  lime          .....  24*0  10*0 

Silica  -.-....8*0  OK) 

Alumina  tinged  with  iron  oxyde     -      •         •         -     9*0  10*0 

Sulphate  of  lime         .....       0*0  9*5 

Sulphur  and  loss     -      -         •         -         -         .6*0  8*5 


100*0  100*0 

The  first  of  these  specimens  was  from  Heisker,  the  second  from  Bona,  both  in  the 
isle  of  Skye,  upon  the  property  of  Lord  Maodonald.  jProm  these,  and  many  other  analyses 
which  I  have  made,  it  appears  that  kelp  is  a  substance  of  very  variable  composition,  and 
hence  it  was  very  apt  to  produce  anomalous  results,  when  employed  as  the  chief  alkaline 
flux  of  crown  glass,  which  it  was  for  a  very  long  period.  The/nctu  vuiculonu  and  /neui 
nodoius  are  reckoned  to  afford  the  best  kelp  by  incineration ;  but  all  the  species  yield  a 
better  product  when  they  are  of  two  or  three  years  growth,  than  when  cut  younger.  The 
vartCy  made  on  the  shores  of  Normandy,  contains  almost  no  carbonate  of  soda,  but  much 
sulphate  of  soda  and  potash,  some  hyposulphate  of  potash,  chloride  of  sodium,  iodide  of 
potassium,  and  chloride  of  potassium ;  the  average  composition  of  the  soluble  salts  being, 
according  to  M.  Gay  Lussac,  56  of  chloride  of  sodium,  25  of  chloride  of  potassium,  and  a 
little  sulphate  of  potash.  The  very  low  price  at  which  soda  ash,  the  dry  crude  carbonate 
from  the  decomposition  of  sea  salt,  is  now  soU,  has  nearly  superseded  the  use  of  kelp,  and 
rendered  its  manufacture  utterly  unprofitable — a  great  misfortune  to  the  Highlands  and 
Islands  of  Scotland. 

KERMCS.  There  are  two  substances  so  called,  of  totally  different  natures.  KermtM 
mineral  is  merely  a  factitious  sulphuret  of  antimony  in  a  state  of  impalpable  comminution, 
prepared  in  the  moist  way.  Its  minute  examination  belongs  to  pharmaceutical  chemistry. 
It  may  be  obtained  perfectly  pure,  by  diluting  the  proto-chloride  of  antimony  with  solution 
of  tartaric  acid,  and  precipitating  the  metal  with  sulphureted  hydrogen ;  or  by  exposing 
the  finely  levigated  native  sulphuret  to  a  boiling  solution  of  carbonate  of  potash  for  some 
time,  and  filterina:  the  liquor  while  boiling  hot.  The  kermes  falls  down  in  a  brown-red 
powder,  as  the  liquor  cools. 

Kermes-graina,  aUcermes,  are  the  dried  bodies  of  the  female  insects  of  the  species  coccm 
ilicis,  which  lives  upon  the  leaves  of  the  quercus  ilex  (prickly  oak).  The  word  kerme$ 
is  Arabic,  si  sonifies  little  worm.  In  the  niiddle  ages,  this  dye  stuff  was  therefore  called 
vermiculus  in  Latin,  and  vermUion  in  French.  It  is  curious  to  consider  how  the  name 
vermilion  has  been  since  transferred  to  red  sulphuret  of  mercury. 

Kermes  has  been  known  in  the  JEIast  since  the  days  of  Moses ;  it  has  been  employed 
from  time  immemorial  in  India  to  dye  silk ;  and  was  used  also  by  the  ancient  Greek 
and  Roman  dyers.  Pliny  speaks  of  it  under  the  name  of  coceigranum,  and  says  that 
there  grew  upon  the  oaJc  in  Africa,  Sicily,  &c  a  small  excrescence  like  a  bud,  called 
cusculium ;  that  the  Spaniards  paid  with  these  grains,  half  of  their  tribute  to  the 
Romans ;  that  those  produced  in  Sicily  were  the  worst  $  that  they  served  to  dye  purple ; 
and  that  those  from  the  neighborhood  of  Emerita  in  Lusitania  (Portugal)  were  the 
best. 

In  Germany,  during  the  ninth,  twelflh,  thirteenth,  and  fourteenth  centuries,  the  rural 
eerfs  were  bound  to  deliver  annually  to  the  convents,  a  certain  quantity  of  kermes,  the 
coccus  polonicus,  among  the  other  products  of  husbandry.  It  was  collected  from  the  trees 
upon  Saint  John's  day,  between  eleven  o'clock  and  noon,  with  religious  ceremonies,  and 
was  therefore  called  Johannisblut  (Saint  John's  blood),  as  also  German  cochineaL  At  the 
above  period,  a  great  deal  of  the  German  kermes  was  consumed  in  Venice,  for  dyeing  the 
scarlet  to  which  that  city  gives  its  name.  AAer  the  discovery  of  America,  cochineal  hav- 
ing been  introduced,  began  to  supersede  kermes  for  all  brilliant  red  dyes. 

The  principal  varieties  of  kermes  are  the  coccut  quercus,  the  coccus  poUmicue^  the  coccm 
/ragaria,  and  the  coccus  uva  ursi. 

The  C0CCU1  quercus  insect  lives  in  the  south  of  Europe  upon  the  kermes  oak.  The 
female  has  no  wings,  is  of  the  size  of  a  small  pea,  of  a  brownish-red  color,  and  is  covered 
with  a  whitish  dust.  From  the  middle  of  May  to  the  middle  of  June  the  eggs  are  collected, 
and  exposed  to  the  vapor  of  vinegar,  to  prevent  their  incubation.  A  portion  of  eggt 
Is  leA  upon  the  tree  for  the  maintenance  of  the  brood.  In  the  department  of  the  Bouches- 
du-Rhone,  one  half  of  the  kermes  crop  is  dried.  It  amounts  annually  to  about  60  quintals 
or  cwts.,  and  is  warehoused  at  Avignon. 

The  kermes  of  Poland,  or  coccus  polonicus,  is  found  upon  the  roots  of  the  iclermthm§ 
perennis  and  the  scleranihus  annuusy  in  sandy  soils  of  that  country  and  the  Ukraine.  TMi 
species  has  the  same  properties  as  the  preceding ;  one  pound  of  it,  according  to  WolA^ 
being  capable  of  dyeing  10  pounds  of  wool ;  Imt  Hermstaedt  could  not  obtain  a  fine 
color,  although  he  employed  5  times  as  much  of  it  as  of  cochineeL  The  Tvrin^  Aimd* 


DiaM,  ind  Cowadri  itjmrirti  kemef  their  monett  tatery  do^  rilk,  as  tnS  iifti 
iiMuiet^  Uili  of  UKdr  tesei. 

The  jpAecM  vm  «^  is  twiee  the  liie  of  the  PoUfli  keimeBy  and  dyes  with  ilomaiK 
red.  It  beciin  in  Iftttaria. 

Kermes  is  found  not  00I7  upon  the  lyeopodmm  an^ptamUm  in  the  Ukimine,  hot  spoi 
m  greet  raiw  j  other  phmts. 

Good  kennes  is  iUxmpt  of  a  deep  red  odlor,  of  an  egreeahte  snielL  and  a  nm^  sii 
tRDgent  tasle.  Its  eokting  matter  is  solaUe  in  water  and  akohol;  it  beemnes  y^iank 
er  brownish  with  aeid%  and  Yfolet  or  erimsoawtUkalkBliB.  Snlphsle  of  iron  bbuteiiL 
tnthahuaitdyesaUood^i  with  eoppeias  an  agate  nay;  with  copperas  and  tsitsi^ 
%  ttfoiyiraj;  with  Mphate  of  eopper  and  tartar,  an  olive  grsen;  with  tartar  andak 
«f  tiayalifelrchinaaion  ydlow;  with  more  alum  and  tartar,  a  Ulach;  with  snlphsle 
tine  and  tartar,  a  ndet.  Scazlet  and  eriinaondfed  with  kermes,  were  called  givtacshn} 
aidtliey  are  redconed  to  be  iiKice  doFsUe  than  those  of  coduneal^as  is  proredhjrthcW- 
fianef  of  the  old  Bmssels  tapestry. 

Hdkit  says  Oat  pretkms  to  dyeing  m  the  kennes  hadi,  he  threw  a  handful  of  wool  Mi 
%  In  Older  to  extnet  a  Uaddsh  matter,  which  wonUhave  taniished  the  color.  Then! 
<Ba|«  to  the  ]>Tam  are  dyed  at  Orleans  with  eqnal  parts  of  kermes  swl  madd^  andse- 
irtMtrwiany  with  the  addition  of  iome  Brasil  wood. 

Cochineal  and  lae-dye  hate  now  nearly  sapersoded  the  nse  of  kermes  as  a  tzadorid 
Mbstanee,  in  Kf*g|yTM^T 

KILLAS  is  the  name  by  which  chty-date  is  known  among  the  Condsh  miners. 

KILN  (JFbar,  Fr. ;  Ofln,  Genn.)  is  the  name  girea  to  vaxioas  fbnns  of  teasm 
and  stoves,  by  which  an  attempered  heat  may  be  apidied  to  bodies;  thus  there  aiehiick- 
kilns,  hop-kilns,  lime-kiln^  malt4dns,  and  pottery-kilns.  Hop  and  malt-kilns,  beisf 
derigiwd  merely  to  expel  the  moistvre  of  the  vegetable  matter,  may  be  constraded  is 
the  same  way.  See  BaicK,  LiMisToirx,  Malt,  and  Pottxbt,  for  a  description  of  tkk 
tespeetive  kilns. 

KINTCACID;  a  pecnliar  acid  eztmcted  by  Taoqnelin  from  cinchona. 
JQNO  is  an  extractive  matter  obtained  flrom  the  nemdm janMr,  a  shrnb  wUefc 
glows  at  Baneonl  and  Somatia,  bat  principally  in  Prince  of  wales'  island.  It  iscf  a 

reddish-brown  color,  has  a  bitter  styptic  taste,  and  consists  chiefly  of  tannin,  il  ii 
used  only  as  an  astringent  in  medicine.  Kino  is  often  called  a  gam,  bat  most  im- 
properly. 

KIRSCHWASSER  is  an  alcoholic  liqaor  obtained  by  fermenting  and  distilline  bndsed 
cherries,  called  kirschen  in  German.  The  cherry  nsnally  employed  in  SwitzerlaDd  tnd 
Germany  is  a  kind  of  morello,  which  on  matnration  becomes  black,  and  has  a  kend 
very  large  in  proportion  to  its  pulp.  When  ripe,  the  fruit  being  made  to  fall  by  switching 
the  trees,  is  ffathercd  by  children,  thrown  promiscuously,  unripe,  ripe,  and  rotten  into 
tubs,  and  crushed  either  by  hand,  or  with  a  wooden  beater.  The  mashed  materials  are 
set  to  ferment,  and  whenever  this  process  is  complete,  the  whole  is  transferred  to  an  (dd 
still  covered  with  verdigris,  and  the  spirit  is  run  off  in  the  rudest  manner  possible,  by 
placing  the  pot  over  the  common  fire-place. 

The  fermented  mash  is  usually  mouldy  before  it  is  put  into  the  alembic,  the  capital 
of  which  is  luted  on  with  a  mixture  of  mud  and  dung.  The  liquor  has  accordingly, 
fbr  the  most  port  a  rank  smeU,  and  is  most  dangerous  to  health,  not  only  from  its  own 
erode  essential  oil,  but  from  the  prussie  acid,  derived  from  the  distillation  of  the  cherry- 
stones. 

There  is  a  superior  kind  of  kirMchvfosMer  made  in  the  Black  Forest,  prepared  with  fewer 
kernels,  from  choice  fruit,  properly  pressed,  fermented,  and  distilled. 

KNOPPERN  are  excrescences  produced  by  the  puncture  of  an  insect  upon  the 
flower-cups  of  several  species  of  oak.  Tliey  are  compressed  or  flat,  irregularly  pointed, 
generally  prickly  and  hard ;  brown  when  ripe.  They  abound  in  Styria,  Croatia,  Sdavonia, 
and  NatoUa ;  those  from  the  latter  country  being  Uie  best.  They  contain  a  great  deal 
of  tannin,  are  much  employed  in  Austria  for  tanning,  and  in  Germany  fbr  dyeing  lawn, 
gray,  and  black.  Wool,  with  a  mordant  of  sulphate  d*  zinc,  takes  a  gra3ri8h  nankeen 
color.    See  Galls. 

KOUMISS  is  the  name  of  a  liquor  which  the  Calmucs  make  by  fermenting  mare^ 
miUc,  and  fVom  which  they  distil  a  favorite  intoxicating  roirit,  called  rack  or  rsdcy. 
Cow's  milk  is  said  to  produce  only  one  third  as  much  spirit,  from  its  containing  probably 
less  saccharine  matter. 

The  milk  is  kept  in  bottles  made  of  hides,  till  it  becomes  soar,  is  shaken  till  it  casto 
«t|  iti  cream,  and  is  then  set  aside  in  earthen  vessels  in  a  warm  place  to  fermeat,  as 
9«ast  being  required,  though  sometimes  a  little  M  koamiss  is  added.  SI  poinds  ef  mift 
Iptt  into  tha  still  aflbrd  14  oanees  of  km  wines,  from  wbkk  6  ooM  of  |ml|y  oMf 
•kohd,  of  an  nnploasant  flavor,  are  obtained  by  reetifleatkw. 
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